
ORIGINAL ARTICLE

International Journal of Legal Medicine
https://doi.org/10.1007/s00414-024-03304-1

(i) narrow the list of possible missing persons to whom the 
remains may belong [2, 3]; (ii) include or exclude suspects 
related to the investigation based on the time interval [2–5]; 
and (iii) project the state in which a body may be found in 
the context of a missing person search [3].

Numerous studies have investigated the rate of decom-
position from a fleshed body to the skeletal remains. In 
forensic anthropology, the standard methods for estimating 
PMI are based on a morphological study of the decompo-
sition process and its changes [6]. In 2005, Megyesi et al. 
[7] proposed a classification of decomposition stages based 
on the method proposed by Galloway et al. [8]. The system 
involves a sum of scores, according to the visual observa-
tion of the state of decomposition divided and characterized 
into four categories (fresh, early decomposition, advanced 

Introduction

The postmortem interval (PMI), or the time since death, is 
the time between death and the discovery of the body [1]. 
Estimating the PMI is important for understanding the cir-
cumstances surrounding death and for contributing to the 
identification of human remains. The PMI can be used to 
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Abstract
Objective  This study aims to evaluate the relationship between Total Body Score (TBS) and Accumulated Degree-Days 
(ADD) for estimating postmortem interval (PMI) using the decomposition quantification system by Megyesi et al. (Megyesi 
MS, Nawrocki SP, Haskell NH (2005) Using Accumulated Degree-Days to Estimate the Postmortem Interval from Decom-
posed Human Remains. J Forensic Sci 50:1–9. https://doi.org/10.1520/jfs2004017).
Design  A systematic review was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) guidelines. The methodological quality and risk of bias were assessed using the QUADAS-2 scoring 
system. Statical tests, including I2 for heterogeneity assessment and subgroup analysis comparing human and pig proxies 
across different decomposition stages, were performed for meta-analysis.
Results  The search identified 25 studies that underwent qualitative evaluation, all of which were included for quantitative 
analysis. The findings indicate that the TBS formula tends to overestimate ADD with a moderate mean difference of 0.5758 
overall. Specifically, in pigs, ADD is overestimated significantly (1.1128), while there is a slight underestimation in humans 
(-0.0038). Across decomposition stages, fresh body (0.0066) and early decomposition (0.0338) show an insignificant over-
estimation, whereas advanced decomposition reveals a slight underestimation (-0.3378) and skeletonization indicates a 
substantial overestimation (1.6583).
Conclusions  The relationship between TBS and ADD demonstrates high accuracy in humans during early decomposition 
stages, without differences in statistical significance. However, its accuracy diminishes as decomposition progresses, poten-
tially leading to an overestimation of PMI.

Keywords  Time since death · Decomposition stages · Pig models · Forensic science · Forensic anthropology

Received: 29 March 2024 / Accepted: 29 July 2024
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2024

Accuracy of estimating postmortem interval using the relationship 
between total body score and accumulated degree-days: a systematic 
review and meta-analysis

Sandra López-Lázaro1  · Camila Castillo-Alonso2

1 3

https://doi.org/10.1520/jfs2004017
http://orcid.org/0000-0002-5405-0105
http://orcid.org/0009-0006-5824-6371
http://crossmark.crossref.org/dialog/?doi=10.1007/s00414-024-03304-1&domain=pdf&date_stamp=2024-8-7


International Journal of Legal Medicine

decomposition and skeletonization) with stages within to 
describe the remains. From the fleshed body to skeletal 
remains, the authors independently assigned a score to the 
head and neck, trunk and extremities. The Total Body Score 
(TBS) is obtained from the sum of each of the three ana-
tomical regions [7]. With this classification, the authors 
proposed that a quantitative method, already existing in sci-
entific disciplines such as forensic botany or entomology, 
could be applied by forensic anthropologists. As decompo-
sition is a sequential process with small changes, the use 
of qualitative categories that describe small changes would 
increase the statistical power of the method and the estima-
tion of the PMI [7].

Although the process and sequence of decomposition 
are well-known, variations over time are affected by a wide 
variety of factors [9, 10]. Temperature is considered to be 
the factor that most affects the decomposition process [7, 11, 
12]. Given the absence of methods in forensic anthropology 
that consider decomposition as being dependent on factors 
other than time, Megyesi et al. [7] proposed a relationship 
between TBS and temperature through the accumulated-
degree day (ADD). ADD is defined as the sum of average 
daily temperatures for the number of days the corpse had 
been decomposing [13]. The daily average between maxi-
mum and minimum degree was considered as temperature 
data (degrees Celsius) and 0ºC was the base temperature 
because biological processes were significantly slowed 
down or even inhibited at this temperature [7, 14].

With the combination of TBS as a dependent variable 
and ADD as an independent variable, Megyesi et al. [7] pro-
posed a retrospective study to calculate the PMI. Although 
the study was developed using qualitative results, the 
method allows for the possibility of reproducibility, consis-
tency, comparability and validity [4]. Since its publication, 
numerous studies have used TBS and ADD to estimate PMI 
in different species (for example, in piglets [15], rabbits 
[16] and horses [17]), geographical regions (such as North 
America [18, 19], Europe [1, 20] and Africa [21, 22]) and 
environments (e.g., water [23, 24], terrestrial surfaces [16, 
25], buried [26, 27] and hanging [28]). The investigation of 
this correlation has had mixed results: some authors have 
obtained positive outcomes [25, 29], while others have not 
shown a significant relationship between these variables 
[30, 31].

The present systematic review and meta-analysis aimed 
to assess the accuracy of estimating PMI using the relation-
ship between TBS and ADD.

Materials and methods

Protocol

The “Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses—PRISMA” checklists and flow diagram 
published by Moher et al. [32] were followed, although 
these do not fully fit the content of this study [33].

Literature search strategy

A systematic search was carried out for studies that used 
the method proposed by Megyesi et al. [7] to quantify the 
degree of decomposition through a TBS that allows ADD 
and PMI to be calculated. The SciELO, LILACS, PubMed, 
Scopus and Web of Science databases were used. The fol-
lowing formula of terms was applied, which was adapted to 
the rules of each database:

(TBS OR total body score OR PMI OR postmortem 
interval) AND (ADD OR accumulated degree-days) AND 
(estimation OR improved OR evaluation OR application 
OR comparison OR scoring).

The search was conducted on October 17, 2022. Obser-
vational studies published in scientific journals written in 
English or Spanish, which analyzed the decomposition of 
humans and/or pigs according to the TBS of Megyesi et al. 
[7], had a known date of death and which indicated the ADD 
obtained, either as an average with a known sample size or 
through the details of each individual that allows the aver-
age to be calculated, were included.

Once the articles were obtained and duplicates had been 
eliminated, a first selection was made based on the title 
and abstract, followed by a second selection based on the 
full publication. These evaluations were carried out inde-
pendently by two researchers using the Rayyan application 
which allows blind decisions and notes between reviewers 
and facilitates the resolution when there is disagreement 
between them [34]. Finally, a manual search was performed 
in the bibliography and reference lists of the studies which 
were considered eligible.

Data extraction

The data extracted were year and journal of publication, 
country of origin of the sample, sample size, type of sample 
(human or pig model), environment (terrestrial or aquatic) 
and, if applicable, burial depth (on the surface or buried), 
TBS, the average and standard deviation of the real ADD 
and the calculated ADD [7]. If the calculated ADD was 
not specified in the study, it was obtained from the for-
mula given by the authors. To facilitate the analysis, studies 
which worked with humans and pig models were treated as 
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two independent studies and were differentiated by an a and 
b, respectively, in the figures.

Risk of bias in studies

The risk of bias was assessed using QUADAS-2, as sug-
gested by the Cochrane Collaboration for Systematic 
Reviews [35]. All publications with values of ≥ 70% were 
considered to have a low risk of bias and were included.

Data analysis

Being a continuous variable, the meta-analysis worked by 
contrasting two measures: the reference test, which corre-
sponded to the real ADD, and the diagnostic test, known 
as the calculated ADD. For this, the average and standard 
deviation of the ADD obtained empirically by each study 
at a given TBS was used and compared with the ADD and 
standard deviation calculated using the formula of Megyesi 
et al. [7] for the same TBS.

Due to the high variability present between the included 
studies (given the diversity of study subjects, geographi-
cal and climatic differences, possible distinctions in burial 
methods and treatment of corpses), the meta-analysis car-
ried out used a random effects model based on the study 
of DerSimonian & Laird [36] which takes both within and 
between study variances into account [37, 38]. The type of 
effect size used, which quantifies the magnitude and direc-
tion of the effect if interest, was a standardized mean dif-
ference; in this case, a positive value shows that the overall 
mean of the calculated ADD is higher than the real ADD, 
whereas a negative value indicates that the calculated ADD 
is lower than the real ADD. This was interpreted by Cohen 
[39] who suggested the classifications of small (d = 0–0.2), 
medium (d = 0.21–0.5), large (d = 0.51–0.8) and very large 
(d = > 0.8) [40]; this information was plotted on a forest 
plot.

Heterogeneity between studies was estimated using the 
I2 test. A value of 0% indicates no observed heterogeneity, 
with 25% indicating low heterogeneity, 50% moderate het-
erogeneity and 75% high heterogeneity [41]. A moderator 
analysis was performed for remains which were buried or 
on the surface, in aquatic or terrestrial environments, human 
or pig models and TBS values. To detect publication bias, 
Egger’s method [42] was applied and a funnel plot was 
obtained.

In addition, meta-analyses were performed to exam-
ine the results between subgroups: outcomes were com-
pared between pig vs. human models, as well as between 
the decomposition stages described by Megyesi et al. [7];  
fresh body (TBS = 3), early decomposition (TBS = 4–6), 
advanced decomposition (TBS = 17–24) and skeletonization 

(TBS = 25–35). For the latter, the average of the general 
ADD was not necessarily used, but different averages were 
calculated if possible, grouping the individuals according to 
the TBS observed in each group; this included cases of the 
same individual in different stages of decomposition. All 
statistical tests, graphs and figures were performed using R 
(version 4.2.1; R Core Team, 2022) and the ‘metafor’ pack-
age version 3.8.1 [43].

Results

Study selection

The search of the five databases identified 1228 articles, 
with 1081 remaining after the removal of duplicates. The 
review of the title and abstract reduced this number to 43 
and the reading of full publications decreased it further to 
21. Finally, the manual search resulted in the addition of 4, 
leaving a total of 25 articles for analysis (Fig. 1). As there 
were two publications that worked with human individu-
als and pigs, the statical analysis was carried out as if there 
were 27 articles.

Table  1 summarizes the general characteristics of the 
studies. These were carried out with populations from the 
United States of America (N = 9), South Africa (N = 5), Aus-
tralia (N = 3), the United Kingdom (N = 2), Sweden (N = 2), 
the Netherlands (N = 1), China (N = 1), Italy (N = 1) and Ser-
bia (N = 1). Overall, 24 of the 25 articles were published 
in specialized forensic science or legal medicine research 
journals, both locally and internationally. The total number 
of participants was 751 (542 humans and 209 pigs).

Risk of bias in studies

The results of QUADAS-2 showed a low risk of bias and, 
hence, a high methodological quality (Table 2). Two ques-
tions in the tool were considered not applicable: Question 
5 (about the index test) asked about the use of a threshold 
to define the index test, which does not apply to these vari-
ables, while Question 8 (about flow and timing) asked about 
the time interval for the analysis, which was not considered 
because index test (calculated ADD) and reference standard 
(real ADD) were compared over the same time period [44].

Outcomes and meta-analyses

General results

The results of the meta-analysis showed an overall mean 
difference of 0.5758 (p = 0.0141; SE = 0.2345; 95% 
CI = 0.1162–1.0354), which indicates that the value obtained 
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Fig. 1  Flow diagram describing the process of the systematic review, following the guidelines proposed by PRISMA
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[7] has a reasonably accurate estimate of ADD when used 
on humans. The I2 value was 91.89% (p < 0.0001), show-
ing high heterogeneity. Egger’s test shows no indication of 
publication bias (p = 0.2440).

Pig  Fourteen papers reviewed decomposition in pig bod-
ies and were analyzed further. The results of the meta-
analysis showed a mean difference of 1.1128 (p = 0.0050; 
SE = 0.3961; 95% CI = 0.3363–1.8892) which indicates that 
the calculated ADD values were higher on average than real 
ADD (Fig. 2). The mean difference is very large and statisti-
cally significant; hence, this discrepancy suggests that this 
formula lacks sufficient precision to provide reliable data 
when used in pigs. The I2 value was 90.42% (p < 0.0001), 
indicating high heterogeneity. Egger’s test does not show 
signs of publication bias (p = 0.0640).

Results for decomposition stage

Fresh body  Six publications with 49 observations (29 
humans and 20 pigs) were analyzed. The results of the meta-
analysis showed a mean difference of 0.0066 (p = 0.9740; 
SE = 0.2020; CI 95%=-0.3894 to 0.4026) (Fig.  4) where 
calculated ADD values were higher than real ADD values 

from the calculation proposed by Megyesi et al. [7]    was 
higher than the real ADD (Fig.  2). According to Cohen’s 
interpretation [39], this mean difference was medium, 
which means that the estimation formula’s predictions have 
a moderate but noticeable difference from the actual ADD.

The I2 value was 92.40% (p < 0.0001), implying high het-
erogeneity. The evaluation of moderators showed that only 
the use of humans (k = 13) or pigs (k = 14) (p = 0.0271) and 
TBS value (p = 0.0015) presented statistical significance. In 
the case of environment, where the categories were terres-
trial (k = 27), aquatic (k = 1) or both (k = 1) (p = 0.5142), and 
of burial depth, where the categories were surface (k = 23), 
buried (k = 3), on the surface or in a sewer (k = 1), there was 
no statistical significance (p = 0.3267).

Egger’s test shows hints of possible publication bias 
(p = 0.0049) which is also seen in the funnel plot (Fig. 3).

Results for human versus pig

Human  Thirteen papers reviewed decomposition in the 
human body and were analyzed further. The results of 
the meta-analysis showed a mean difference of -0.0038 
(p = 0.9891; SE = 0.2792; 95% CI=-0.5511–0.5435) where 
the values of calculated ADD were lower on average than 
the real ADD (Fig. 2). The mean difference was small and 
statistically insignificant; therefore, the Megyesi’s formula 

Author, year Country Journal N H/P
1. Megyesi et al., 2005 USA Journal of Forensic Science 68 H
2. Cross & Simmons, 2010 UK Journal of Forensic Science 34 P
3. Heaton et al., 2010 UK Journal of Forensic Science 187 H
4. Parks, 2011 USA Journal of Forensic Science 1 H
5. Spicka et al., 2011 USA Forensic Science International 12 P
6. Meyer et al., 2013 USA Journal of Forensic Science 6 P
7. Myburgh et al., 2013 South Africa Forensic Science International 16 P
8. Sutherland et al., 2013 South Africa Forensic Science International 30 P
9. Roberts & Dabbs, 2015 USA Journal of Forensic Science 8 P
10. Marhoff et al., 2016 Australia Australian of Forensic Sciences 2 P
11. Suckling et al., 2016 USA Journal of Forensic Science 10 H
12. Wang et al., 2017 China Forensic Science International 1/4 H/P
13. Bugelli et al., 2018 Italy Forensic Sciences Research 2 H
14. Ceciliason et al., 2018 Sweden Forensic Science International 140 H
15. Connor et al., 2018 USA Journal of Forensic Science 17/22 H/P
16. Marais-Werner et al., 2018 South Africa International Journal of Legal medicine 25 P
17. Marhoff-Beard et al., 2018 Australia Forensic Science International 16 P
18. Tomić et al., 2018 Serbia Romanian Journal of Legal Medicine 2 P
19. Finaughty & Morris, 2019 South Africa Forensic Science International 16 P
20. Forbes et al., 2019 South Africa Forensic Science International 16 P
21. Baigent et al., 2020 USA Forensic Science International 26 H
22. Giles et al., 2020 USA Forensic Science International 26 H
23. Pittner et al., 2020 Netherlands PloS One 2 H
24. Wilson et al., 2020 Australia Forensic Science International 1 H
25. Alfsdotter & Petaros, 2021 Sweden Journal of Forensic Science 82 H

Table 1  Main characteristics of 
eligible studies

H, human; p, pig.
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was 0% (p = 0.9116), indicating no heterogeneity. Egger’s 
test shows no evidence of publication bias (p = 0.2008).

Advance decomposition  There were 19 publications with 
542 observations (416 humans and 126 pigs) analyzed. 
The results of the meta-analysis showed a mean difference 
of -0.3378 (p = 0.1239; SE = 0.2195; 95% CI=-0.7680 to 
0.0925) (Fig. 4) where the value of calculated ADD is lower 
on average than the value of real ADD. The mean differ-
ence was medium but statistically insignificant; thus, the 
formula has a noticeable difference from real ADD, poten-
tially due to random variability. The I2 value was 87.55% 
(p < 0.0001), implying high heterogeneity. Egger’s test does 
not show signs of publication bias (p = 0.0976).

Skeletonization  Seventeen publications with 370 obser-
vations (251 humans and 119 pigs) were analyzed. The 
results of the meta-analysis showed a mean difference of 

on average. The mean difference was small and statistically 
insignificant, which means that the results of the calculated 
ADD are statistically indistinguishable from real ADD in 
the fresh body stage. The I2 value was 0% (p = 1.0), indi-
cating no heterogeneity. Egger’s test shows no evidence of 
publication bias (p = 0.7437).

Early decomposition  There were 16 publications with 416 
observations (321 humans and 95 pigs) which were ana-
lyzed. The results of the meta-analysis showed a mean dif-
ference of 0.0338 (p = 0.6271; SE = 0.0695; 95% CI=-0. 
1025 to 0.1700), that is, the calculated ADD values were 
higher on average than the real ADD values (Fig. 4). The 
mean difference is small and statistically insignificant; 
therefore, the formula can be considerable reliable for esti-
mating ADD in the early decomposition stage. The I2 value 

Table 2  Risk of bias assessed for each study using the QUADAS-2 tool
Author, year Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 % yes
Megyesi et al., 2005 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Cross & Simmons, 2010 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Heaton et al., 2010 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Parks, 2011 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Spicka et al., 2011 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Meyer et al., 2013 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Myburgh et al., 2013 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Sutherland et al., 2013 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Roberts & Dabbs, 2015 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Marhoff et al., 2016 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Suckling et al., 2016 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Wang et al., 2017 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Bugelli et al., 2018 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Ceciliason et al., 2018 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Connor et al., 2018 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Marais-Werner et al., 2018 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Marhoff-Beard et al., 2018 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Tomić et al., 2018 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Wescott et al., 2018 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Finaughty & Morris, 2019 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Forbes et al., 2019 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Baigent et al., 2020 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Giles et al., 2020 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Pittner et al., 2020 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Wilson et al., 2020 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Alfsdotter & Petaros, 2021 ✓ ✓ ✓ ✓ - ✓ ✓ - ✓ ✓ 100
Q1) Was a consecutive or random sample of patients enrolled? Q2) Was a case control design avoided? Q3) Did the study avoid inappropriate 
exclusions? Q4) Were the index test results interpreted without knowledge of the results of the reference standard? Q5) If a threshold was used, 
was it pre-specified? Q6) Is the reference standard likely to correctly classify the target condition? Q7) Were the reference standard results 
interpreted without knowledge of the results of the index test? Q8) Was there an appropriate interval between index test and reference standard? 
Q9) Did all of the patients receive the same reference standard? Q10) Were all patients included in the analysis? √: yes; X: no; -: not applicable.
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Fig. 3  Egger’s funnel plot

 

Fig. 2  Forest plot showing the mean difference between Control ADD and Calculated ADD. MD = mean difference. CI = confidence interval. The 
red diamond shows the result averaged in general and yellow diamonds show the result averaged for human and pig subgroups
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Summary of meta-analysis results

Table  3 summarizes the results. The general study of the 
mean difference, considering humans and pigs without dif-
ferentiation by TBS, showed a medium magnitude of differ-
ence where the value of ADD is overestimated when using 
the formula of Megyesi et al. [7]. The results by type of 
sample indicated that this overestimation is also present 
in analysis when using pigs, with a very large magnitude 
of difference, whereas its use to estimate ADD in humans 
has a minimal underestimation with no statical signifi-
cance. By decomposition stage, its use in fresh body and 
early decomposition stages results in an estimated ADD 
value that is insignificantly overestimated; as it progresses 

1.6583 (p = 0.0101; SE = 0.6448; 95% CI = 0.3945–2.9221) 
(Fig. 4) in which the average value of calculated ADD was 
higher than the real ADD. This mean difference is very large 
and statistically significant, which suggests that the formula 
is not accurate for calculating ADD in the skeletonization 
stage.

The I2 value was 95.96% (p < 0.0001), showing high het-
erogeneity. Egger’s test, while not significant, suggests a 
trend toward publication bias (p = 0.0574).

Table 3  Summary of the results
Mean difference p-val I2 Moderator analysis Publication bias

General results 0. 5758 0.0141 92.40% TBS (p-val 0.0015) Yes
H/P (p-val 0.0271)

Sample Human -0.0038 0.9891 91.89% - No
Pig 1.1128 0.0050 90.42% - No

TBS Fresh body 0.0066 0.9740 0% - No
Early decomposition 0.0338 0.6271 0% - No
Advance decomposition -0.3378 0.01239 87.55% - No
Skeletonization 1.6583 0.0101 95.96% - Yes

H/P = moderator about use in human versus in pig.

Fig. 4  Forest plot showing the mean difference between Control ADD and Calculated ADD in subgroups according to the stages of decomposition 
(Megyesi et al., 2005). MD = mean difference. CI = confidence interval. Yellow diamonds show the result averaged for every subgroup

 

1 3



International Journal of Legal Medicine

the effect of ADD on TBS overestimates the PMI according 
to the formula of Megyesi et al. [7]. This overestimation 
can be attributed to the challenges of generating a univer-
sal mathematical model from a dependent variable based 
on numerous small observable changes [53] and errors in 
understanding the linear regression statistical model, as 
noted in previous studies [5, 54]. Despite this, the method 
of Megyesi et al. continues to be used without modification 
[47].

It is important to consider the high heterogeneity in the 
results, which limits their interpretation. This study aimed 
to find variables that explain this heterogeneity. While some 
variables provided further insights about the accuracy of the 
TBS and ADD relationship to estimate PMI, it was not pos-
sible to fully clarify it. Possible reasons include differences 
in habitats not analyzed in this study, significant variations 
in the real ADD results based on the same TBS within the 
same studies due to the difficulties in accurately measuring 
temperature differences between nearby places [48, 55] or 
the grouping of individuals with very dissimilar character-
istics, as seen in Tomić et al. [20], where the average was 
generated from two pig cases at different depths, one on the 
surface and the other in a sewer hole.

Another pertinent aspect to consider is publication bias. 
The overall analysis reveals a clear presence of publication 
bias, attributed to selective reporting favoring studies with 
positive results over those with non-significant results or 
findings deemed less relevant [56]. Additionally, there is a 
linguistic and geographical bias, wherein studies published 
in languages other than English or in non-indexed national 
journals are less likely to be included in meta-analyses [57].

Interestingly, this publication bias is absent in the sub-
group analyses. This discrepancy could be explained by 
heterogeneity, as the subgroups may comprise more homo-
geneous studies, thereby reducing heterogeneity and dimin-
ishing the impact of publication bias [58], as seen in fresh 
body and early decomposition stage results. Additionally, 
in the overall analysis, a few large or influential studies 
with significant results may drive the suggestion of pub-
lication bias [42]. In subgroup analyses, these influential 
studies could be less prominent or excluded, as seen in the 
advanced decomposition stage. However, skeletonization, 
which shows a tendency towards publication bias, aligns 
more closely with the overall results and does not meet 
these conditions.

Regarding the reviewed variables, most experimental 
studies analyzed samples located on the surface. However, 
some observed differences in buried samples. Pittner et al. 
[26] found that morphological characterization tables were 
adequate but noted a significant temporal difference, with 
TBS underestimating the ADD for burial intervals. Marais-
Werner et al. [27] compared decomposition processes and 

to the advanced decomposition stage, the estimated value 
is slightly underestimated and the estimated ADD value 
in the skeletonization stage is ultimately significantly 
overestimated.

The heterogeneity of the results was high, except for the 
fresh body and early decomposition stages, where it was 
null. Additionally, in the overall analysis there is a clear 
suggestion of publication bias, which does not appear in 
the analysis of the reviewed subgroups, except for the skel-
etonization stage.

Discussion

PMI estimations primarily rely on soft tissue degradation 
[45], influenced by key abiotic factors: temperature, mois-
ture, pH and the partial pressure of oxygen [46], with the 
first one being the principal variable influencing the velocity 
and rate of decomposition [11]. According to Megyesi et al., 
over 80% of the observed variation in human decomposition 
can be explained by elapsed time and temperature [7]. The 
ADD metric is derived from this relationship, standardiz-
ing the accumulated temperature over time and allowing its 
application in PMI estimation [46], in addition to enabling 
comparison between different methods and studies that use 
it. With the aim of standardizing decomposition for use in 
PMI calculations, Megyesi and colleagues developed their 
TBS, which quantifies the sequential process of soft tissue 
degradation independently of other processes and places an 
emphasis on the relationship between time and temperature 
through ADD [7].

Based on the stages described qualitatively from cases 
in various climates, clothing states and completeness, and 
recognizing that decomposition follows a semi-continuous 
and predictable pattern [45], a quantitative points value sys-
tem was proposed for widespread forensic application. This 
method, based on TBS and ADD, has been widely criticized; 
however, it has continued to be used without modification 
by researchers [47]. Criticisms focus possible variations by 
microhabitat between body discovery sites and weather sta-
tions locations, affecting temperature measurement preci-
sion [48, 49], or relying on photographs rather than direct 
observation [47]. In addition, despite high replicability in its 
use in humans [50], observers experience influence assess-
ments using digital images [51]. The major criticism targets 
its intended worldwide application, as methods that use 
ADD may not account for sufficient geoclimatic variation to 
correctly record the decay rates in different regions [21, 52].

This study initially analyzed the relationship between 
ADD and TBS in general, without differentiating by burial 
status, environments (terrestrial or aquatic), species (human 
or pig) or degree of decomposition. The results indicate that 

1 3



International Journal of Legal Medicine

al. noted reduced prediction accuracy in advanced decom-
position and skeletonization stages [59], while Wescott et 
al. reported increased standard deviation in ADD over time 
[31].

Conclusions

It was concluded from the statistical analysis carried out in 
the present investigation that the method to estimate PMI, 
based on the relationship between TBS and ADD, exhib-
its high accuracy in humans during early decomposition 
stages. However, its accuracy deteriorates as decomposi-
tion progresses, leading to overestimation. This indicates 
that the method is not optimal as a universal formula and 
tends to underestimate PMI in human models while overes-
timating it in pig models. Limitations of this study include 
high observed heterogeneity and dissimilar results between 
studies.

Regarding decomposition stages, the method showed the 
highest accuracy in estimating PMI for the fresh body and 
early decomposition stages. In contrast, advanced decom-
position and skeletonization stages demonstrated increased 
estimation errors as the degree of soft tissue degradation 
increased.

While the relationship between TBS, ADD and PMI pro-
posed by the authors represents a significant contribution 
to forensic sciences, its application in different geoclimatic 
contexts necessitates adaptation and modification.
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found a similar pattern for buried and aboveground pigs, 
although buried pigs decayed 55.2–88.9% slower. These 
temporal differences suggest that corrections or recalcula-
tions are necessary for future research [26]. In this study, 
no significant differences were found between surface and 
buried decomposition processes. However, the validity of 
these findings is limited due to the small number of studies 
and their sample sizes.

This was repeated in PMI comparisons in territorial and 
aquatic settings. Heaton et al. [23] found a significant cor-
relation between ADD and decomposition across various 
study locations. In contrast, Alfsdotter & Petaros [24] dem-
onstrated that while surface decomposition correlated with 
ADD after formula adjustments, this relationship performed 
poorly in aquatic environments, possibly due to additional 
decomposition factors. The present meta-analysis found no 
significant differences, yet the limited number of studies 
and small sample sizes restrict the validity of the findings. 
This may be linked to the previously observed publication 
bias and suggests a lack of published studies that provide 
detailed insights into the variables and their specific influ-
ences on the relationship between TBS, ADD and PMI.

The results from human samples indicate a slight under-
estimation, suggesting that the method of Megyesi et al. 
[7], although minimal, underestimates PMI based on TBS 
and ADD. However, the results exhibit high heterogeneity. 
Various authors comparing their findings with the proposed 
method report a strong correlation, yet also note instances of 
significant PMI overestimation, where their samples reached 
ADD in a shorter time [28, 59], as well as an underestima-
tion when more time was required [26, 60]. In contrast, a 
meta-analysis of studies using pigs shows PMI overestima-
tion, also with notable heterogeneity. Comparisons using 
the method of Megyesi et al. [7] indicate a PMI overestima-
tion in some studies [61], while others highlight a consistent 
underestimation [52, 62].

The subgroups based on decomposition stage exhibit low 
heterogeneity for the fresh body and early decomposition 
stages, but high heterogeneity for advanced decomposition 
and skeletonization. This translates to the first two present-
ing estimated values of ADD which are indistinguishable 
from the actual ADD value, whereas the latter two exhibit 
moderate underestimation in advanced decomposition and 
very significant overestimation in skeletonization. Thus, as 
TBS increases, so does the error of the formula for calcu-
lated ADD, leading to greater discrepancies in PMI esti-
mates across various studies.

This aligns with a recognized limitation: estimating 
time since death becomes more complex with time and 
tissue decomposition progression [63–65]. Myburgh et al. 
observed a linear decay rate initially, which becomes more 
variable at higher TBS values [21]. Similarly, Suckling et 
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