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Abstract

The morphological assessment of skin injuries is a stronghold of forensic 
pathology and relies upon standard “rules” for a correct interpretation. But are 
these parameters reliable? When is the interpretation dangerously difficult? 
This study aims at quantifying the difficulties in the assessment of stab wounds, 
gunshot wounds and ligature marks by the observation of photographs in three 
questionnaires given to 11 experts (forensic pathologists) and 11 non-experts 
(trainees in forensic pathology). For stab wounds the overall percentage of 
correct answers was 47.5%, 56.9% for type of blade and 64.2% for type of edge. 
Gunshot wounds were correctly assessed only in 41.3% of cases. Finally, only in 
47.1% of the cases a correct match ligature mark/object of constraint was found. 
The results show that wounds on the skin can frequently be misinterpreted if 
classification is strictly based on only morphological parameters; the judgment 
should therefore be based on an overall evaluation of all evidences, including 
also those provided by more advanced technological analyses (for example, 
SEM-EDS for the search of residues, radiological analyses, etc.).
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Introduction

The morphological evaluation of wounds on the skin is one 
of the strongholds of every autopsy and of the common forensic 
practice: a correct interpretation of type of wound and of the type of 
weapon is of crucial importance and usually relies upon macroscopic 
features whose correct analysis is the basis for every further 
investigation. 	

As concerns stab wounds, many studies have been performed 
to find a relationship between sharp wounds and weapons, and 
some parameters have been identified as useful: size of the wound, 
depth, edges, the presence of additional features (notches, bruises, 
abrasions). However, it is quite evident that many variables can come 
into play: general features strongly depend on the characteristics of 
the knife (or other type of sharp weapon), and on body site, strength 
of the assailant, movements of assailant and victim [1-7]. Many 
authors consider morphological analyses on skin lesions reliable 
in the identification of the type of weapon, but the actual reliability 
in real case scenarios has never been practically tested and cases of 
atypical presentations and diagnostic difficulties have been frequently 
reported [8,9].	

As concerns gunshot wounds, the distinction between entry and 
exit wounds and the identification of the range of the shot is crucial. The 
analysis of the shape, margins, presence or lack of additional elements 
(abrasion ring, stippling, searing, soot soiling) are the common basics 
of macroscopic assessment [10-13]; it is therefore evident how errors 
between entry and exit wounds can lead to misleading evaluations 

concerning the number of projectiles entering and exiting the body 
as well as the direction of the shot and the wound track. However, 
both entries and exits can show peculiar features and several cases 
of “diagnostic errors” and atypical presentations of gunshot wounds 
have been previously reported [14-16]. 	

Finally, among blunt force injuries, ligature marks are 
characteristic and typical of asphyxial deaths but they can be found 
even in cases of victims of abuse and torture, when some sort of object 
of constraint is used. These marks usually arise from a combination 
of bruises and abrasions, as an expression of the mechanical effect 
on the skin’s surface [17-19]. The morphological analysis of the mark 
may be an important source of information for the identification of 
the object of constraint but ligature marks can be variable, depending 
on the nature of the ligature, strength and location on the body [20]. 

However, experience teaches that each and every autopsy and 
especially skin injuries may be misleading. As a matter of fact, several 
case reports have previously shown how difficult to interpret skin 
wounds can be, especially when “traditional” parameters (i.e. shape, 
dimensions, edges) are insufficient or even deceiving [8,9,14-16].

This led to the present study which aims at verifying how 
frequently such wounds can be misleading or misinterpreted by 
experts.

Thus, the study consisted in three questionnaires on stab wounds, 
gunshot wounds and ligature marks submitted to experts and 
non-experts, which aimed attesting the assessment of wounds on 
photographs of different types of injury on the skin. 
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Materials and Methods
A total of 66 questionnaires were submitted to 22 observers (13 

females and 9 males) composed of 11 experts (forensic pathologists 
of 5-10 year experience) and 11 non-experts (trainees in forensic 
pathology, with at least one year of experience in the field). 
Assessments were performed on a total of 15 pictures for stab wounds, 
15 pictures for gunshot wounds and 10 pictures for ligature marks. 

The results were then analyzed aiming at quantifying the 
difficulties of the observers in the morphological analysis and the 
differences among experts and non-experts. The details of every 
questionnaire are reported in the following paragraphs: 

Stab wounds
Among the total 15 pictures, 4 were selected from real autopsy 

cases with known weapons (single and double-edged knives) and 11 
were experimentally produced on pig skin with the wounding weapon 
kept perpendicular to the surface of the skin in order to simulate a 
stab wound. Two piglets, who had died of natural death, were used 
for the study: they were shaved to remove bristles and stabbed several 
times in different areas (abdomen, chest and thighs) with 9 different 
sharp weapons: 7 knives (5 single-edged knives, 3 with a smooth 
blade and 2 with a serrated blade and 2 double-edged knives, both 
with a smooth blade) and two different pairs of scissors. 

In the related questionnaire (Figure 1) the observers were asked 
to state:

1)	 if the injury they were looking at could have been produced 
by a single or a double-edged weapon.

2)	 if the weapon could have been with a smooth or a serrated 
edge.

If they were not able to reach a decision, they could cross the 
option “not assessable”.

Gunshot wounds
Observers had to assess 15 pictures (9 entrance and 6 exit wounds) 

taken from real cases. In the questionnaire they were asked:

1)	 to describe if it was an entry or an exit.

2)	 to write what they had relied on (Figure 2). 

Ligature marks	
Assessments were performed on 10 pictures of ligature marks 

produced on the skin of the upper arm of volunteers, after fifteen 
minutes of tight constriction. Pictures were then taken immediately 
after the removal of the constriction. Eight different ligatures were 
used: a white and grey rope of rolling shutters, a red string, a green 
cord, a beige hemp rope, an orange-yellow-silver cord, a white cord, 
a grey electric cable and a belt in leather. In the questionnaire they 
were asked to state:

1)	 if a ligature mark was detectable in the picture.

2)	 if the answer positively, they had to try to find a match 
between the mark and the ligature. 

3)	 To indicate the features they had observed most to reach a 
decision (Figure 3). 

Results
Answers were put in a spreadsheet (Microsoft Office Excel™ 2010) 

with automatic computation of correct/incorrect answers and related 
percentages. The questionnaires were listed separately, first with 
the overall results and then divided into the two groups considered, 
experts (forensic pathologists) and non-experts (trainees in forensic 
pathology).

Stab wounds
The results are shown in Table 1. In general, a correct 

identification of the weapon was reached in 47.5% of the cases, and 

Figure 1: Wound produced by single-edged knife in autopsy case. Correct 
assessments: 23%.

Figure 2: Exit wound. Correct assessments: 18.8%.

Figure 3: Ligature mark produced with an hemp rope (down-left): Correct 
assessment: 25%.
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only with slight differences between experts (48%) and non-experts 
(47.2%). For what concerned the single questions, the type of blade 
(single/double-edged) was correctly identified in 56. 9% of the cases, 
whereas the type of edge (linear/serrated) in 64.2%, again with slight 
differences between the two categories of observers. The percentage 
of “non assessable” answers was always around 10-15%. For what 
concerned the identification of a different type of sharp weapon (eg 
scissors) correct answers fell to 14, 8%, mainly given by experts. 

Gunshot wounds
Table 2 summarizes the results concerning the questionnaires on 

gunshot wounds: on average, 41, 3% of subjects gave a right answer, 
with no differences at all between experts and non-experts. “Not 
assessable” answers were higher than in cases of stab wounds (20.4% 
on average) and more in non-experts (22.4%).

Entry wounds were more easily assessed, with an average of 
49.3% of correct answers. On the other hand, the assessment on exit 

wounds was correct only in 29.2% of the cases. To give an example, 
Figure 2 shows the picture of an exit wound correctly assessed only 
in the 18.8% of the cases. Curiously, experts answered slightly better 
when evaluating entry wounds, whereas for exit wounds non-experts 
had higher percentages of correct answers. 

The main features that were observed for most of the evaluations, 
as reported by the observers in the questionnaire, were (in order of 
frequency): presence/lack of abrasion ring, flaring of the edges, shape/
general appearance of the wound, burning and soot deposition. 

Ligature marks
Table 3 shows the results concerning ligature marks. Firstly, the 

presence of a furrow, or at least of a mark on the skin, was detected 
only in 69.4% of the cases and among this percentage, only in 41.7% 
of the cases a correct match between the mark and the ligature was 
reached. Moreover, non-experts gave surprisingly more correct 
answers (50.7%) than the experts (39.2%). Some marks were easily 
linked to the specific ligature, like in the case of woven fabric ropes, 
even with 100% correct identification. Some cases, even in front 
of clear marks in the pictures, were scarcely associated to the right 
ligature, like in the case of the hemp rope (Figure 3) which was 
correctly assessed only in 25% of the cases. The features on which 
the evaluation most frequently relied upon were the general pattern 
of the ligature and the shape/appearance of the mark on the skin (i.e. 
weave and dimensions). 

Discussion
The results of the study clearly show the difficulties of the 

interpretation of wounds on skin in the common forensic practice: one 
of the strongholds of autopsies and of scene of crime investigations 
seems to be filled of risks of misinterpretation. As a matter of fact, 

Stab wounds 

Overall results

Total Experts Non-experts

Correct Incorrect NA* Correct Incorrect NA* Correct Incorrect NA*

47,5% 38,4% 14,1% 48,0% 34,7% 17,3% 47,2% 40% 12,8%

Type of blade

Total Experts Non-experts

Correct Incorrect NA* Correct Incorrect NA* Correct Incorrect NA*

56,9% 31,0% 12,2% 61,3% 29,3% 9,3% 55,0% 31,7% 13,3%

Type of edge

Total Experts Non-experts

Correct Incorrect NA* Correct Incorrect NA* Correct Incorrect NA*

64,2% 23,5% 12,3% 60,0% 23,3% 16,7% 66,0% 23,6% 10,4%

*NA = not assessable

Table 1: Results of the assessments on stab wounds.

Gunshot wounds

Total Experts Non-experts

Correct Incorrect NA* Correct Incorrect NA* Correct Incorrect NA*

41,3% 38,3% 20,4% 41,3% 42,7% 16,0% 41,2% 36,4% 22,4%

*NA = not assessable 

Table 2: Results of the assessments on gunshot wounds.

Ligature marks

Identification of the presence of a furrow

Total Experts Non-experts

Yes No NA* Yes No NA* Yes No NA*

69,4% 28,8% 1,9% 64,0% 34,0% 2,0% 71,8% 26,4% 1,8%

Identification of the right ligature when a furrow was detected

Total Experts Non-experts

Correct Incorrect Correct Incorrect Correct Incorrect

47,1% 52,9% 39,2% 60,8% 50,7% 49,3%

*NA = not assessable 

Table 3: Results of the assessments on ligature marks.
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all the types of lesions analyzed showed a significant percentage of 
error, and moreover, a considerable “indecision” rate (14.1% of “not 
assessable” answers for stab wounds, 20.4% for gunshot wounds). The 
high amount of incorrect assessments is clearly shown in gunshot 
wounds with an average of only four out of ten correct assessments; 
even in cases of stab wounds interpretations were correct in less than 
half of the cases.

Observers usually relied on the common and widely accepted 
criteria of macroscopic interpretation of different lesions [1-7,10-
13,17-19], but whose reliability decreases when atypical features are 
present. For stab wounds, in fact, different parts of the same single-
edged knife can produce different injuries, so that, for example, the 
handle can cause bruises or abrasions around the wound’s edges. 

The same can be said for gunshot wounds: when additional 
features (i.e. abrasion ring, soot soiling, stippling) are lacking, the 
evaluation usually relies upon the general shape and appearance 
of the wound, but the high variability of the wound’s features in 
different body parts has always to be kept in mind: i.e. an entry wound 
to the skull can be stellate or irregular, or a gunshot wound to the 
abdomen can be regular both in entry and in exit, even with a sort 
of pseudo-abrasion ring in the exit when the skin is pressed against a 
firm surface [10-13].

The analysis of ligature marks has been scarcely investigated 
in literature yet, but a correct match between marks/furrows and 
ligatures could be crucial not only in cases of strangulation but even 
in cases of maltreatment, when observed soon after the events [17-
19]. The presence of a distinguishable mark on the skin and the 
chance of recognizing a specific ligature seem to be strictly dependent 
on the characteristics of the ligature itself, obviously in addition to the 
time and strength of the constriction. 

The study is affected by the limitation of being performed on 
pictures. It is clear that the best way to assess injuries on the skin is 
directly at the moment of the autopsy, but the importance of pictures 
must not to be underestimated, since one could be called even years 
later to re-evaluate a forensic case of which only photographs are 
available, since it is the only way to “fix” the characteristics of injuries 
on the skin over time. For what concerns pictures gained from 
autopsy cases, in many of them some sort of uncertainty was present 
even at the moment of the autopsy. Moreover, the reliability of 
photographs has already been verified in several studies in literature 
in clinical forensic medicine, especially with child abuse [21-23], 
and the importance of photographs in the forensic context has been 
highlighted in several articles [24-26]. However, to our knowledge, 
the reliability of wound interpretation in blind tests has never 
been tested. The study arose from these assumptions, considering 
the evaluation of photographs as a good “testing ground” for the 
reliability of the macroscopic features of skin wounds. The study also 
showed that there are curiously no significant differences between 
experts between trainees and older pathologists. This may be because 
the non-experts were trainees usually attending the dissection room 
hence with some experience. 

The results of the present study have to be taken into account, as 
they concern the morphological diagnosis, one of the most applied 
tools by forensic pathologists to real cases. Generally forensic 
pathologist learns to recognize lesions from standard images, usually 

representing ideal conditions and the most typical characteristics of 
each type of trauma. However, lesions may acquire different features 
and render difficult the diagnosis as they are distant from the ideal 
didactic models. One should therefore be aware that in several cases 
the judgment concerning lesion becomes often a subjective opinion, 
which may be different according the observer. This suggests that 
more research needs to be performed on technical analyses of lesions 
in order to reach a more objective conclusion about their origin. 

In conclusion the study highlights the fact that in such a crucial part 
of the forensic field there may be important flaws in the interpretation 
and thus some cases need to be thoroughly investigated with further 
analysis. This means that experts should rely on other techniques to 
confirm their suspicions, such as microscopic or chemical analyses. 
There are in fact several techniques and further investigations one 
can rely upon in the evaluation of injuries on the skin: in case of 
stab wounds, a valuable help can come from SEM-EDX testing 
[27], simple scanning electron microscopy [6,28,29] or radiological 
investigation [30,31]; for gunshot wounds many studies have been 
already reported concerning the analysis of gunshot residues with 
chemical methods [32,33], scanning electron microscopy [34,35], 
sodium-rhodizonate [36], or with radiological investigations like 
micro-CTs [37]; finally, when one has to deal with ligature marks, 
aid for a correct identification of the ligature can come from further 
examination with casts, inking or searching for fibers [20]. 

This implies stepping up sampling and procedures during 
autopsies, which may be time-consuming but crucial.
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