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A B S T R A C T

Postmortem interval (PMI) estimations which are used as evidence in Dutch court are sometimes solely based on
the experience of the forensic physician without a scientific background. The aim of this study was to investigate
the degree of agreement between forensic physicians and their PMI estimations.

Fifteen cases were selected from 1534 external postmortem investigations. Photographs of the human remains
were presented to 89 forensic physicians in the Netherlands with the instruction to estimate the PMI based on
their experience, knowing the remains were found indoors and in which season. Data analysis was conducted by
using an interclass correlation (ICC) and Spearman's rank correlation coefficient.

This study shows a poor correlation (ICC=0.254) between the PMI estimations of the 89 forensic physicians.
It is therefore not advised that PMI estimations based on experience be used as evidence in court.

1. Introduction

When a deceased person is found, there is always the question ‘what
is the time of death?‘. A reliable, fast and well-grounded estimation of
the postmortem interval (PMI) is of great importance for the timeline
and the reconstruction of the events surrounding death. The PMI plays a
major role in criminal investigations.1

Two processes are responsible for the decomposition process: au-
tolysis (tissue decay by enzymatic degradation processes) and pu-
trefaction (tissue decay by bacterial activity). Both processes begin
immediately after death. In the initial stage after death, livor mortis,
rigor mortis and algor mortis occur. Decomposition becomes externally
visible as a blue-green skin discoloration, often starting in the right
lower abdomen. Hereafter, the entire abdomen, thorax and often the
upper parts of the arms and legs are green to green-red or deep purple
to black. Epidermolysis occurs and blisters appear. The abdomen in-
creases in size because of the gas formation in the intestines. At some

point in the decomposition process, the gasses are released and the
tissue caves in. This gives the eyes, throat and abdominal cavity a
hollow appearance.2 Due to dehydration and draining of bodily fluids,
the skin dries and gets a leathery appearance with discoloration and
darkening of the skin. The skin becomes hard, contracts tightly around
the bones and forms a shell over the body. This usually starts at the
distal parts of the extremities or the ears, nose and mouth.2,3 As the
decomposition process advances, skeletal parts are exposed. In specific
circumstances, for example under warm conditions and in dry air,
mummification can occur.4 Adipocere formation may happen when a
body resides in an alkaline and anaerobe surrounding e.g. in (ground)
water.4

There is great variation in the time it takes for these processes to
occur due to intrinsic and extrinsic factors, the effects of which accu-
mulate over time, often in a non-constant way.4,5 Intrinsic factors are
variables concerning the human remains themselves, for example cause
of death,6 wounds or trauma6–8 and bodyweight.7,9–14 Extrinsic factors
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that influence the rate and pattern of decomposition, and hence the
actual PMI, are for example, air humidity,6 ambient temperature,2

oxygen level,5 degree of exposure to sunlight,5 body coverage,11,15,16

insect activity14 and subsoil parameters (for example, structure and
composition, with the body being either buried or above ground).17–19

Since, due to these factors, the decomposition process is different for
each set of human remains, advanced decomposition stages may be
seen within a few hours after death20 or may not be seen after weeks.4

This makes PMI estimations increasingly unreliable as time proceeds.12

In the initial stage (hours after death), determining the algor
mortis,21–23 rigor mortis4 and livor mortis,4,5 electrical or mechanical
excitability of the biceps or facial muscles24,25 and the potassium con-
centration in the eye are usable methods.26–28 When a body is in or
beyond the putrefaction stage, these methods can no longer be used.
Therefore, other methods can be used to estimate the PMI for human
remains found on land, for example Megyesi's Total Body Score (TBS),2

Gelderman's Total Decomposition Score (TDS),29 entomology,5,30–32

volatile fatty acids in soil33,34 and ATP (Adenosine Triphosphate) de-
termination from the brain, liver, spleen, kidney and muscle.35–37 The
former two methods are decomposition scoring methods which describe
the decomposition process. With these methods, the PMI can be esti-
mated using the accumulated degree days (ADD). The methods differ,
however, since Megyesi put the phenomena in a rigid order, while some
phenomena occur in the same stage.29 Gelderman's TDS takes this into
account. The TDS is a validated decomposition score and can be applied
to the human remains with separate scores for the face and neck, the
body and the limbs. Six decomposition stadia are discerned with cor-
responding scores, with a lowest score of one (no visible changes) and
the highest of six (complete skeletonization). The TDS represents the
sum of the Facial Decomposition Score (FDS), the Body Decomposition
Score (BDS) and the Limbs Decomposition Score (LDS). The stages of
decomposition were derived from an extensive literature study.29

In the Netherlands, there is another method which is used in prac-
tice. Forensic physicians view the human remains and, based on their
experience, estimate the PMI. A validated decomposition scoring
method is not used. These estimations are allowed as evidence in Dutch
court.38 In the Netherlands, forensic physicians perform external post-
mortem investigations and do not perform autopsies.

The main question of the study presented here is whether the PMI
estimations made by the forensic physicians are sufficiently consistent
to be used in Dutch court. Is there agreement between the estimations
of the PMI by the forensic physicians based on the exterior inspection of
human remains? We previously conducted a pilot study in which ten
experienced forensic physicians estimated the PMI for fifteen human
remains that were in an advanced state of decomposion.39 The results
showed that the estimations may not be sufficiently consistent to be
used in court. In the present study, the number of participating forensic
physicians was expanded from 10 to 89. Furthermore, it was in-
vestigated whether the number of years of experience influences the
extent of the agreement between the forensic physicians.

2. Material and methods

In this experimental research, 89 forensic physicians were asked to
estimate the postmortem interval. They were given 15 cases in which
the bodies were in an advanced state of decomposition, corresponding
with Megyesi's TBS ≥9 and Gelderman's TDS ≥9.

2.1. Forensic physicians

There are about 250 forensic physicians in the Netherlands. Eighty-
six forensic physicians participated in this study. Four participants were
excluded because they gave two PMI categories per case and two par-
ticipants were excluded because they were still in training to become a
forensic physician. Ten forensic physicians participated in the pilot
study.39 These data, except for one anonymous participant, were

included as well since the study design was identical to the present one.
The total sample size used in the spread analysis is 89 forensic physi-
cians. The research was conducted in several plenary sessions at various
locations. A list of names of the participants was kept to avoid any
duplicate data. The survey was taken anonymously. Five forensic
physicians from the PHS IJsselland were excluded from participation to
prevent bias.

The number of years of experience in forensic medicine influences
the scoring of decomposition.40 To analyze whether the participants’
experience also influences their estimation of the PMI, all participants
were asked to write down their number of years of experience as a
forensic physician. Not every participant complied (n=7) and they
were excluded from the experience analysis.

2.2. Selection of cases

Photographs from external postmortem investigations conducted by
the Public Health Service (PHS) IJsselland were used. In the period
from January 2001 to January 2016, a total of 1534 external post-
mortem investigations were carried out by this PHS.

To be included in this study, the cases had to be closed, meaning
that no (criminal) case was still pending, in order to prevent inter-
ference with the juridical system. Identification had to have taken place
and a report of the external postmortem investigation had to be avail-
able. Only bodies that were intact, fully photographed with face, torso
and limbs visible and that were found indoors were included. Cases that
involved bodies in an advanced state of decomposition were included
(Gelderman's validated TDS≥ 9, scored by the researcher)29 because in
practice the PMI is most difficult to assess in these cases. Cases con-
cerning children, bodies found in water, burned bodies and completely
skeletonized human remains were excluded.

The true PMI in these 15 cases was unknown. When human remains
are found at home, it is not always possible to determine the PMI and as
a result the date of death remains unknown. In addition, it was not
possible to investigate the accuracy of these estimations.

There were 45 cases that met the inclusion criteria. Cases with
unclear photographs (n=7), injuries (n=4) and poor composition of
the photographs (n=7) were excluded. Hereafter, 20 cases had a TDS
9, 1 case had a TDS of 10, 1 case a TDS of 11 and 5 cases a TDS of 12. In
order to have sufficient variance in decomposition stages, the cases with
a TDS of 10–12 were included. Of the 20 cases with a TDS of 9, the eight
cases with the best composition of photographs were included.

Photographs of four cases showed the human remains at the loca-
tion where it was found (at home). The other 11 cases were photo-
graphed at the morgue during the external inspection. Each case con-
tained one to three photographs. Each photograph was detailed enough
to be able to see the skin blisters, epidermolysis or skin discolorations if
present. Four bodies were clad in a sweater/shirt, in three cases the
trunk was (partially) not visible, and in one case the chest was not
visible.

2.3. Test situation

The photographs were shown in a fixed order (because there were
multiple photographs per case) via a PowerPoint presentation on a
large screen. The 15 cases were put in the following order (which was
unknown to the forensic physicians); cases 1–8 have a TDS of 9, case
nine has a TDS of 10, case ten has a TDS of 11 and cases 11–15 had a
TDS of 12. All bodies were found indoors and five bodies were found in
the summer, five in the autumn, four in the spring and one in the
winter. The meteorological seasons were used. The ambient tempera-
ture was mostly unknown in the reports.

The PMI was subdivided into ten categories (Table 1) for both sta-
tistical purposes and the fact that, after a period of time, the PMI often
cannot be pinned down to one or a few days. The number of days in-
creases with the ascending categories. This increasing time period has
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been chosen because in initial stages daily changes in decomposition
phenomena are visible, whereas in later stages visible changes take
longer.4

Each forensic physician was asked to write down the PMI category
(Table 1) corresponding with their PMI estimations, without consulting
a colleague. The form was simple and consisted of a table including the
15 cases, the season the body was found in, a place to write down the
category and the explanation of the categories.

The estimation is based on decomposition phenomena that were
visible in photographs, additional information about the season in
which each body was found and the fact that the bodies were found
indoors. The forensic physicians did not use a decomposition scoring
method (like Megyesi or Gelderman), instead their PMI estimation was
based solely on their experience in estimating the PMI.

2.4. Statistical analysis

The inter-rater agreement between forensic physicians was calcu-
lated using the interclass correlation (ICC) test (two-way random ef-
fects, absolute agreement, single measurements)41 using SPSS version
24.41,42

The ICC test gives a correlation score between 0 and 1. The scores
are divided as follows: 0–0.40, 0.40–0.59, 0.60–0.74 and 0.75–1, which
means a poor, fair, good and excellent correlation respectively.43 The
ICC score was calculated for all 15 cases for which the 89 forensic
physicians estimated the PMI.

The bivariate Spearman rank correlation was used to analyze the
correlation between the number of years of experience and the PMI
estimations. This correlation coefficient can take a value between −1
and 1. The sign indicates the direction of the relationship. Values close
to zero indicate a weak relationship. The closer the r-value gets to 1 (or

−1), the stronger the connection becomes.44

The ICC was also calculated for all the participants with a known
number of years of experience by dividing the number of years of ex-
perience into five categories. The categories 1 to 5 are respectively: 1
(all cases), 2 (≤2 years), 3 (3–5 years), 4 (6–10 years) and 5 (> 10
years).

2.5. Ethics and legal

This research was conducted at the PHS IJsselland. This study was
approved by the PHS IJsselland and performed according to the ethical
and legal standards in the Netherlands. All data were processed anon-
ymously. For this type of study, formal consent is not required.

3. Results

The overall ICC, using all the estimated PMI categories by the 89
forensic physicians and not corrected for the years of experience, is
0.254 (95% CI 0.168, 0.355), which means that there is a poor corre-
lation between the PMI estimations of the 89 forensic physicians for the
selected fifteen cases.

Because only one case was in the winter, no ICC could be calculated
for this season. The ICC for the summer (n=5), autumn (n= 5) and
spring (n= 4) is respectively: 0.257; 95% CI [0.130, 0.394], 0.346;
95% CI [0.213, 0.480] and 0.192; 95% CI [0.025, 0.379]. Since there
are a very small number of cases per season, no statement could be
made about the significance.

The box plot (Fig. 1) shows the spread of the PMI estimations per
case. The cases are arranged according to the TDS. The box plot shows
that the spread is relatively large for all cases.

Case number 10 has the most widespread estimations. Seventy-five
percent of the participants estimated the PMI between score 4 and 7,
while the other 25% estimated the PMI outside score 4 and 7 using all
categories.

Case number 1 has the least widespread estimations; 75% of the
participants estimated the PMI between score 2 and 3, and 25% scored
category 1 and 4.

There are also cases in which some forensic physicians scored out-
side the 75% and outside Q1 – 1.5*IQ (interquartile distance), the so-
called outliers. These cases are 1, 3, 4, 5, 9 and 11–13.

Fig. 1 shows that despite the large spread, not all intermediate ca-
tegories were chosen in a in each case. For example, case number 5
shows a spread of 1–80 days (score 1–9), but category 8 (51–60 days)

Table 1
PMI categories.

Category 1 PMI 1–5 days
Category 2 PMI 6–10 days
Category 3 PMI 11–15 days
Category 4 PMI 16–20 days
Category 5 PMI 21–30 days
Category 6 PMI 31–40 days
Category 7 PMI 41–50 days
Category 8 PMI 51–60 days
Category 9 PMI 61–80 days
Category 10 PMI 81–100 days or more

Fig. 1. Box plot, PMI estimations based on 89 forensic physicians for 15 cases.
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was not selected by the forensic physicians.
The bivariate Spearman rank correlation between the experience

and the PMI estimation was not found to be significant: r=−0.007,
p > 0.05 (p=0.402).

Since category 2 (years of experience < 2 years) only contains one
participant, the corresponding ICC could not be calculated. The other
ICC outcomes for the other forensic physicians with a known amount of
experience and per experience category are shown in Table 2. The re-
sults show that the inter-rater agreement between the experienced
forensic physicians is slightly better than the agreement between the
less experienced forensic physicians. The CI shows that the differences
between the correlations of the less experienced forensic physicians and
the more experienced forensic physicians are not significant.

4. Discussion

In the Netherlands, the doctor has to estimate the time of death at
the scene. In hospitals, the time of death is more reliable, since there is
staff checking the patient regularly. When a person is found at home, it
is more difficult for the general practitioner to estimate the time of
death. Compared to forensic physicians, general practitioners are less
educated concerning this task and must carry out this task less fre-
quently. Most general practitioners in the Netherlands contact the for-
ensic physician when a person is further along in the decomposition
process. This research focused on forensic physicians and their duty to
make a reliable estimation of the postmortem interval.

The ICC shows a poor agreement between the 89 forensic physicians
and their PMI estimations, using no decomposition scoring method but
only their experience with estimating the PMI as is the common pro-
cedure in the Dutch juridical system. The results of this study show that
less experienced forensic physicians have a poorer inter-rater agree-
ment than more experienced forensic physicians, but this difference is
not significant. New and follow-up training could possibly improve the
inter-rater agreement.

There are multiple interpretations of the ICC. The one frequently
used is the interpretation made by Landis and Koch in which<0, 0–20,
21–40, 41–60, 61–80,> 81 means poor, slight, fair, moderate, sub-
stantial and almost perfect agreement.45 Using this interpretation, it
means that the overall ICC is a fair agreement instead of a poor
agreement.

With the exception of our pilot, to our knowledge, there is only one
similar study. Aydin et al. researched the consistency of the PMI esti-
mations between forensic medicine assistants and specialists and an
autopsy team. They described the stage of decomposition of the bodies
but there were no photographs. The agreement between the partici-
pants and the autopsy team exceeded 50% in only 6 of the 25 cases.46

Aydin's study as well as our own raises the question of whether the
agreement between the forensic physicians would increase if they
scored the decomposition before estimating the PMI. It is also ques-
tionable whether the use of photographs is appropriate. Nawrocka
et al.47 carried out a study using pigs that shows that the use of pho-
tographs that show multiple decomposition stages during the external

examination results in a greater spread in the scoring of the decom-
position phenomena. Many studies use photographs to score decom-
position. An important reason for this is that real-time human remains
are mostly unavailable. A recent study published by Ribéreau-Gayon
et al.48 investigates whether the use of photographs gives similar de-
composition scoring results as scoring real time remains of pigs. A
significant difference was found between real-time scores and photo-
graph scores when using Megyesi's method.2,48 The authors reason that
this is probably due to the fact that Megyesi's method was made for
human remains and not pigs. Keough's method,49 which was developed
for pig remains, showed no significant differences between real-time
and photograph scores. It should be mentioned that these studies
measure the decomposition and do not estimate the PMI based on the
physician's experience.

Dabbs et al.40 found that the years of experience in forensic medi-
cine influences physicians' scoring of decomposition using Megyesi's
TBS method. The influence of years of experience on estimating the PMI
without using any decomposition scoring method, as examined in our
study, was not part of Dabbs et al.‘s research.

In the Netherlands, little research has been conducted on the factors
(e.g., bodyweight, insect activity and temperature) that influence de-
composition and thus the PMI estimations. Research is mostly carried
out on pigs because pigs are considered to be suitable models since their
skin and gut fauna are similar to those of human and they are relatively
hairless.50 However, a recently published study by Keough et al.49

mentions that taphonomic research using pigs only seems valuable for
studying variables that influence decomposition and the conclusions of
such research cannot be directly applied for estimating the PMI in hu-
mans.

In contrast to the Netherlands, the United States has been carrying
out taphonomic studies with human remains since 1972. However,
these results are not representative in Dutch case studies because of the
climate difference.1,51 This difference can be overcome by using the
ADD. Recently, permission was received to set up a taphonomic re-
search site using human bodies in the Netherlands.

Follow-up research could be conducted using cases with a known
and large PMI, so that not only the precision of the estimation can be
measured but also the accuracy. Moreover, follow-up research could
take into account not only the season as an influencing factor but also
other factors, such as clothing, insect activity and the location of the
body inside a building (next to a heater, beneath a window etc.). Cases
in the first stages of decomposition could also be included. The ICC
would most likely be higher when ‘fresh’ bodies are included because
the PMI category would probably range between 1 and 2. Since such
bodies were not included in this research, the results of this research do
not apply to such cases.

4.1. Limitations

Only bodies that were found indoors were included, since these
cases are more common and because there are more factors outdoors
that can influence the decomposition process,52,53 for example
burial.19,25,54

It was decided to use photographs instead of observation in situ. The
use of photographs made it possible for a number of cases to be esti-
mated regarding the PMI by a large number of participants. The use of
photographs also allowed cases from 2001 to 2016 to be included,
making the research more extensive than would be possible with in situ
observation. However, the use of photographs also has several limita-
tions. Due to covering, such as clothing, some body parts were less
visible than others in the photographs. Because of this, it could not be
determined whether the non-visible part showed different decomposi-
tion phenomena than the visible part.47,55 Furthermore, the use of
photographs meant information obtainable through scent and palpation
could not be used to estimate the PMI.

The classification and life stages of maggots and insects were also

Table 2
Number of participants in experience categoriesICC= interclass correlation.
CI= confidence interval.

Category 1 2 3 4 5

All cases < 2
years

3–5 years 6–10 years > 10 years

Number 82 1 10 11 60
ICC 0.000 0.147 0.372 0.227
CI −0.027,

0.029
0.051,0.404 0.189,0.666 0.143,0.337

ICC= interclass correlation. CI= confidence interval.
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difficult to see on the photographs. However, this mainly affects the
accuracy of the estimations, which was not part of the current study.
Finally, although all participants were presented with the same visual
material, they viewed this material using different screens. Thus, it is
possible that screen size, lighting and color differences influenced their
perception of the photographs.

5. Conclusion

There is poor agreement between forensic physicians with regard to
their PMI estimations while using their experience. Therefore, it is not
advisable to use these estimations in Dutch court.
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