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Abstract

The majority of homicides in the world are caused by firearms and a good understanding of gunshot wounds is important for the
forensic pathologist. We have analyzed all 315 homicides by gunshots in Denmark during 1992-2016 with focus on information
relevant to forensic pathologists. Of the 1417 homicides in Denmark in 1992-2016, 315 (22.2%) had gunshot trauma as the primary
homicide method. During 1992-2016, there has been a significant decrease in the number of gunshot homicides overall, of
homicides committed with hunting weapons, and of domestic gunshot homicides. Most victims (70.5%) and offenders (93.7%
of homicides with known offenders) were males. Male victims were significantly younger than female victims. Most victims were
killed with handguns (43.8%) or shotguns (41.0%). Compared to all other weapons, the victims killed with shotguns had fewer entry
wounds, a higher New Injury Severity Score (NISS), and a higher proportion of contact/close-range entry wounds. The head
(58.1%) and thorax (46.7%) were often injured, with injuries to the head being more common in contact/close-range entry wounds.
The results show that gunshot injuries in homicides are different from suicides and accidents and clearly are affected by the homicide
type, the sex of the victim, and the weapon used and that these entities are intertwined. Our findings provide an evidence-based
foundation for use in death investigations and for policy development in the area of interpersonal violence.
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Introduction for determining the cause and manner of death and provides

important information to a criminal investigation [6—8].

The majority of homicides in the world are caused by firearms
and a good understanding of gunshot wounds is important for
the forensic pathologist [1-3]. The homicide rate has been
reduced in western countries, including Denmark, since the
1990s [4]. The latest study of gunshot homicides in Denmark
was twenty years ago and featured only part of the country [5].

Careful examination of gunshot wounds and the related
injuries can provide information about the type of firearm
used, the direction of fire, and range of fire, which is useful
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In this study, we will provide data on all gunshot homicides
in Denmark during 1992-2016, focusing on information rel-
evant to forensic pathologists.

Materials and methods

From the databases of the three departments of forensic med-
icine in Denmark, we identified all homicides in the period
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1992-2016 [4]. The average population size in Denmark was
5.41 (5.16-5.71) million people [4]. Homicides with gunshot
trauma as the primary homicide method were selected for
further analysis.

For each homicide, we registered general information
about the homicide, the victim, and the offenders in one data-
base, including weapon type. The homicides were grouped
based on the typology of the European Homicide Monitor
[9]. In a second database, we registered every injury on the
skin and in organs using the Abbreviated Injury Scale (AIS)
framework with localizers [10-12]. We added detailed infor-
mation about the cause of injury, range of fire, exit wounds,
and the trajectories of gunshot wounds, as seen during surgery
and/or autopsy. One author (AHT) has completed the AIS
training program and collected all the data. From the AIS data,
we retrieved the number of gunshot wounds in each victim,
the Injury Severity Score (ISS), and New Injury Severity
Score (NISS). As ISS is known to underestimate the severity
of penetrating injuries [13], we only report categorical data of
NISS. The normal grouping of NISS is “minor (1-3),” “mod-
erate (4-8),” “serious (9-15),” “severe (16-24),” and “critical
(25-75)” [14]. To better suit the homicide victim population
that has few victims with low scores, we define three NISS
categories: “low (1-24),” “medium (25-44),” and “high (45—
75).”

We registered the data electronically in EpiData (EpiData
Association, 2010, Odense, Denmark. http://www.epidata.dk)
with double entry of the AIS data. We exported the data to
Stata (StataCorp. 2015, Stata Statistical Software: Release 14.
College Station, TX: StataCorp LLC) and Rstudio (RStudio
Team (2015), RStudio: Integrated Development for R.
RStudio, Inc., Boston, MA; http://www.rstudio.com/) for
statistical analysis and data visualization.

We analyzed annual data with linear regression, using Im()
in R. We fitted models allowing for different regression lines
using Im(number ~ year). For differences between groups
(e.g., difference in mean age between female and male vic-
tims), we used permutation tests of 100,000 permutations. For
each permutation, we permuted the sex and calculated the
mean difference between the two groups (the null).
Contingency tables were tested with chi-square test.

The study has been approved by the Danish Data
Authority.

Results
Gunshot homicides
Of the 1417 homicides in Denmark in 1992-2016, 315

(22.2%) had gunshot trauma as the primary homicide method.
Other homicide methods contributed to the death in 3 (1.0%)
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of those homicides, two with sharp force trauma and one with
overrunning by a car.

Gunshot trauma contributed to death in 2 (0.2%) of the
remaining 1102 homicides with a primary homicide method
other than gunshot trauma, one sharp force trauma, and one
housefire.

The 315 gunshot trauma homicides were committed in 277
events, distributed in 246 events with one victim and 31
events with multiple victims (69 victims total, 2-3 victims
per event).

There was an overall average of 12.6 (4—19) gunshot ho-
micides per year, but the number has shown a significant
decrease over the years, with a reduction of 0.32 homicides
per year (linear regression: P < 0.01, F = 12.9, R* = 0.36)
(Supplementary Figure 1).

The gunshot homicide rate was 0.23 per 100,000, 0.33 per
100,000 for males, and 0.14 per 100,000 for females, with a
significant annual decrease of 0.007 per year (linear regres-
sion: P < 0.001, F = 17.6, R* = 0.43) (Fig. 1). The decrease
was significant for female victims (linear regression: slope
=—0.007, P < 0.001, F = 21.8, R? = 0.49) but not for male
victims (linear regression: slope =—0.006, P = 0.09, F' = 3.2,
R>=0.12).

The victims and the offenders

Most victims were males (222 males (70.5%) and 93 females
(29.5%)). The mean age of the victims was 35.4 years (0-87,
sd=16.0) (Supplementary Figure 2) and showed male victims
(mean = 33.6 years (0-81, sd=14.0)) to be significantly youn-
ger than female victims (mean = 39.7 years (1-87, sd=19.4))
(permutation test, P < 0.01).

The offender’s sex was known in 288 (91.4%) homicides,
with the majority of those (270 (93.7%)) having only male
offenders. In 39 (13.5%) of the homicides with known offend-
er sex, there were multiple offenders, and none were female
only. Female single offenders only killed males and 66.7% of
those were intimate partner homicides. Male offenders killed
intimate partners in only 24.4% of cases.
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Fig. 1 The annual gunshot homicide rate (per 100,000) for 1992-2016
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Fig.2 Type of weapon related to the sex of the victim. The bars show the
number of homicides for each main group

There were 237 homicides (204 homicide events) with one
offender, where the age and sex of the offender were known.
The mean age of these offenders was 37.1 years (14-88,
sd=14.5), 37.2 years (14-88, sd=14.6) for males and 32.4
years (18-51, sd=11.0) for females (Supplementary
Figure 3), with no significant difference between the sexes
(permutation test, P < 0.35).

The weapons and location

Most victims were killed with handguns or shotguns (Fig. 2
and Table 1). Hunting weapons (shotguns and hunting rifles
(including .22 rifles)) were used in 56.0% of homicides with
female victims and in 34.7% with male victims. Hunting
weapons were used in 55.5% of domestic homicides and
24.4% of homicides in relation to other criminal activity
(criminal milieu and robbery). In 3.5% of homicides, two or
more weapons were used.

There was a significant annual reduction in the number of
homicides committed with hunting weapons (linear regres-
sion: slope: —0.42, P < 0.001, F = 56.4, R* = 0.70), but not

in homicides committed with other weapons (linear regres-
sion: slope = 0.10, P = 0.26, F = 0.014, R?= 0.06) (Fig. 3).

The weapon was on the scene in 116 (40.0%) of the homi-
cides. Of those with a weapon present, only 20 (17.2%) were
with a single victim having only one gunshot wound without
the perpetrator committing suicide.

The majority of homicides occurred in an inside location
(65.4%) (Supplementary Figure 4). Of victims killed outside,
87.4% were males and 22.3% were in a vehicle.

The gunshot wounds

There were 762 gunshot entry wounds, of which 600 (78.4%)
were on the head, neck, thorax, or abdomen. Entry wounds
with multiple elements from the same discharge of a shotgun
were counted as only one wound. The mean number of gun-
shot wounds on the victims was 2.4 (1-27, median=1), 2.6 (1-
27, median=2) for males and 2.0 (1-11, median=1) for fe-
males, with no significant difference of the mean between
the sexes (permutation test, P < 0.07). In 51.1% of the victims,
there was only one gunshot wound.

The number of gunshot wounds in victims killed with shot-
guns was significantly lower (mean =1.6 (1-5, median=1))
compared with all other weapons (mean = 3.0 (1-27, median
= 2)) (permutation test, P < 0.001) (Table 1).

The head (58.1%) and thorax (46.7%) were the most common
regions for gunshot entry wounds (Fig. 4 and Supplementary
Figure 5). The extremities had gunshot entry wounds in 33.3%
of gunshot homicide victims. The majority of victims had entry
wounds at the front of the body (83.5%), while fewer had at the
back (34.6%) (Supplementary Figure 5).

Of the 600 gunshot entry wounds to the head, neck, thorax, and
abdomen, 50.2% had a trajectory with a posterior element, 28.5%
with an anterior element, and 21.3% with no front-back element

Table 1 Weapon type, number of gunshot wounds, range of fire, and trauma scores
Total Handgun Shotgun Hunting rifle Military Unknown
Number of victims, 1 (%) 315 (100%) 138 (43.8%) 129 (41.0%) 30 (9.5%) 11 (3.5%) 7 (2.2%)
Number of gunshot wounds, 24 (127, 1) 2.9 (1-15,2) 1.6 (1-7, 1) 2.0(1-9,1) 74 (1-27, 6) 1.8 (1-6, 3)
mean (min—max, median)
Perforating, % 49.3% 58.9% 20.0% 43.3% 79.0% 59.1%
Range of fire
Contact, % 3.3% 2.0% 4.9% 11.7% 0.0% 0.0%
Close range, % 28.0% 16.5% 55.1% 36.7% 14.8% 4.6%
Distant range % 27.8% 26.7% 27.8% 38.3% 27.2% 22.7%
Indeterminate range, % 40.9% 54.8% 12.2% 13.3% 58.0% 72.7%
NISS
Low (1-14),% 1.6% 43% 3.1% 3.3% 18.2% 0.0%
Medium (15-44), % 36.5% 46.4% 20.9% 33.3% 27.3% 42.9%
High (45-75), % 61.9% 49.3% 76.0% 63.3% 54.6% 571%
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(Fig. 5). The most common trajectory for gunshot wounds seen on
the victims during surgery and/or autopsy was posterior-right-
inferior (9.3%) followed by posterior-left-inferior (7.7%).

The pathological range of fire was determined by the pa-
thologists responsible for each autopsy. Contact range was
determined by soot and gunpowder being restricted to the
internal wound (and immediate vicinity in loose contact
wounds), while close range was determined by soot and/or
gunpowder surrounding the external wound. Absence of soot

1.6%
—7.6%
1.3%
10.8%
10.2%
—4.1%
0.6%
3.8%
5.1%
1.9%
8.6% 8.6%
1.9% 1.0%
0.3%

Fig. 4 Distribution of gunshot entry wounds relative to all 315 gunshot
homicides, i.e., the percentage of victims that had at least one gunshot
wound in a given area. Due to their mobility, the extremities have not
been separated into front and back

@ Springer

Fig. 5 Trajectories for gunshot wounds in the three planes relative to the
victim’s front and back, as seen during surgery and/or autopsy. The bars
show the relative distribution of trajectories in each plane for the 600
gunshot entry wounds to the head, neck, thorax, and abdomen. Due to
the curvatures of the body, it is possible to have an anterior trajectory on
the front of the body and vice versa. “—" means no direction in a given
plane

and gunpowder indicated distant range or indeterminate range
depending on other findings and available case information
[15]. Most of the entry wounds (68.7%) were in the range
group distant range/indeterminate range, but for shotguns,
contact/close range was more common (60.0%) (Table 1 and
Supplementary Figure 6). In domestic homicides, about half
of the entry wounds were contact/close range, while distant
range/indeterminate range made up the majority of entry
wounds in other homicide types (Supplementary Figure 7).
A single contact gunshot wound was the only gunshot wound
in 16 victims (5.0%). Contact/close-range gunshot wounds
were more often to the head (84.0%/49.8%) than distant
range/indeterminate range (33.5%/19.6%) (Supplementary
Figures 8-10).

Typology/motives

The largest group of homicides with male victims was in the
criminal milieu (33.8%) (Fig. 6 and Supplementary Figure 12
and Supplementary Table 1). All 22 victims killed in legal
intervention were males. Most female victims (89.2%) were
killed in domestic homicides, often by their current or previ-
ous intimate partner (71.0%).

There was a significant annual reduction in the number
of domestic homicides (linear regression: slope —0.25, P <
0.001, F = 20.4, R? = 0.47) but not in criminal milieu
(linear regression: slope: 0.00, P = 0.99, F = 0.00, R* =
0.00) or the group of other types of homicides (linear
regression: slope: —0.07, P = 0.27, F = 1.28, R? = 0.05)
(Supplementary Figure 13).
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Trauma scores and organ injuries

Table 1 shows the distribution of the New Injury Severity
Score (NISS) in relation to weapon type. In NISS, 59.9% of

Cranium: 57.8%

Spine/spinal cord: 22.2%

Ribcage: 39.7%

Trachea: 5.4%

Lungs: 45.7%

male victims were in “high” vs. 66.7% of the female victims.
Of victims killed with shotguns, 76.0% were in NISS “high”
vs. 52.2% for all other victims combined (chi-sq = 18.76, df =
2, P <0.001) (Supplementary Figure 14).

The brain and lungs (including hemo- and pneumothorax)
were the organs that most often had injuries (Fig. 7).

The most common primary cause of death was trauma to
the nervous system (49.8%) followed by trauma to the cardio-
vascular system (36.5%). Signs of exsanguination (sparse li-
vidity, pale organs and/or a decreased amount of blood in the
vessels) were found in 66.4% of the victims.

Discussion

Globally, most homicides are caused by firearms, but with
great regional differences, based on the availability of firearms
in the community and the prominent homicide types [1, 3,
16-26]. As a general rule, countries with a high homicide rate
will have a high proportion of gunshot homicides [1]. In parts
of Central America with annual homicide rates of up to 80 per
100.000, gunshot homicides make up to three-quarters of ho-
micides [1].

Only a small proportion of homicide events had multiple
victims, most of those within families. Denmark has been
spared the mass shooting events with double-digit homicide
victims experienced in other countries during terrorist attacks
and school shootings [27-29].

Most gunshot homicide victims and offenders were male
which is similar to other countries [1, 3]. The male victims

Brain: 54.0%

Vessel,
.. head/neck:
9.5%
Neck organs: 8.9% Vessel
thorax:, Vessel,
18.7% arms: 1.6%
Esophagus:
5.7%

Bone, arms: 15.9%

Liver: 22. 2%
Stomach: 7.6%

Pelvis: 3.5%

Bone, legs: 3.2% Intestines: 14.9%

Urogenital: 2.9%

- 8.6°
Spleen: 4.8% abdomen: 8.6%

Pancreas: 2.2%

Kidneys: 6.7%

Vessel,
legs: 1.3%

Fig. 7 Distribution of injuries to organ systems, relative to all 315 gunshot homicides, i.e., the percentage of victims that have at least one injury in a

given organ
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were significantly younger than the female victims, which
also is part of a global trend [1, 3].

The reduction in the annual gunshot homicide rate is part of
a general trend for all the four most common homicide types
in Denmark [4, 11, 12]. When grouped by weapon type the
reduction only affected hunting weapons. The weapon type,
the homicide type, and the victim sex are intertwined, with a
large proportion of domestic homicides involving female vic-
tims and hunting weapons. It is well described that reduced or
impaired access to firearms in private homes leads to both
fever gunshot homicides and suicides [1, 3, 16-23, 30].

Private possession of a firearm requires a permit in
Denmark. The most recent drastic change in The Danish
Firearms Act was in 1986 where smooth-bore shotguns were
added to the list of weapons requiring a permit [31, 32]. It is
unclear what the effect of this change in Danish legislation has
had on the number of gunshot homicides, as it predates our
study period and we do not have access to weapon ownership
statistics.

Although the majority of victims were killed in an inside
location, the proportion was much lower than for homicides in
general [4, 12].

When trying to determine the manner of death in a de-
ceased, the number of gunshot entry wounds, the localization
of gunshot wounds, and the range of fire are important param-
eters to evaluate [7, 8, 33-36]. It is very rare to have multiple
gunshot wounds in suicides [7, 8, 33-37], while about half of
the homicide victims in our study had multiple gunshot
wounds. Our findings in regard to the number of gunshot
wounds in general in homicide victims are similar to many
other studies [7, 8, 33—38]. The number of gunshot wounds in
homicides is related to the type of weapon, with shotguns and
hunting rifles causing fewer wounds due to the limited num-
ber of cartridges loaded at one time and their relative lethality
per shot [7, 39]. Our findings on trauma scores confirm that
victims shot with shotguns and hunting rifles were much more
likely to be in the NISS group “high (45-75)” than those shot
with other weapons (Table 1 and Supplementary Figure 14).

Most suicidal gunshot wounds are to the head or chest and
rarely involve the back of the body and extremities [7, 35, 36].
While the majority of the homicide victims also had gunshot
entry wounds to the head or chest, we found that one in three
had gunshot entry wounds to the back of the body and one in
three had gunshot entry wounds to the extremities, areas with
a clear difference compared to suicides [7, 35, 36]. We did not
find the same clear overrepresentation of left-sided entry
wounds as Maiden et al. found in their study from Israel,
where compulsory military service was stated as a contribut-
ing factor [40].

Suicidal gunshot wounds are almost exclusively fired from
contact range and only very seldom from distant/intermediate
range, while accidental gunshot wounds show variation in
ranges, depending on whether they are self-inflicted or not
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[7, 16, 33, 34, 36, 41]. Two-thirds of gunshot entry wounds
in our study showed no evidence of being contact or close
range, which almost entirely precludes suicide during an in-
vestigation (Table 1 and Supplementary Figure 6) [7, 33, 34].
On the other hand, only very few homicide victims had a
single contact range gunshot wound, the hallmark of suicidal
gunshot wounds [7, 16, 33, 34, 36, 41]. Contrary to other
homicide types, about half of the entry wounds in domestic
homicides were contact/close range, most likely reflecting the
more personal nature of these homicides and the common use
of shotguns, which are less effective at long range [7, 33, 34].

As most gunshot entry wounds were to the front of the
body, it is not surprising that many trajectories had a posterior
element. The proportion of trajectories with a posterior ele-
ment is not as high as Maiden et al. found, but that study only
included gunshot homicides with injuries to the thorax and
abdomen, and not neck and face [40]. Homicides feature dy-
namic situations with possible movement between the victim
and offender, so the trajectories tend to be more varied than in
the stable conditions of suicides [35, 36, 42].

One in three male gunshot homicide victims were killed in
a criminal milieu compared to only one in ten for all homi-
cides in Denmark during 1992-2016 [4]. Gunshot homicides
are more common in the criminal milieu and those tend almost
exclusively to have male victims [1-3, 9].

The organ injuries in gunshot homicides are of course
linked to the localization of the gunshot wounds and to the
risk of a fatal outcome. The brain and thoracic organs were
most commonly injured, reflecting their critical function [38,
40]. Compared to homicides by penetrating sharp force trau-
ma, the cranium is especially vulnerable to gunshot trauma
due to the amount of transmitted energy in gunshots [12, 39].

The results show that gunshot injuries in homicides are dif-
ferent from suicides and accidents and clearly are affected by
the homicide type, the sex of the victim, and the weapon used
and that these entities are intertwined. Our findings provide an
evidence-based foundation for use in death investigations and
for policy development in the area of interpersonal violence.
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