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Abstract: Establishing the manner of death is one of the most challenging tasks for forensic pathol-
ogists. We present the case of a 24-year-old woman found dead in the early morning on a flyover.
The body was sitting on the ground with the back leaning against a wall. The neck was encircled
by a white phone charger cable knotted to the staircase’s handrail. The victim had argued with her
boyfriend and tried to jump out of his car while coming home from a wedding party the night before.
After that, she left home alone with her phone charger in her hand. Due to self-harm behaviors, the
first hypothesis was suicide by hanging. However, the ligature crossed immediately beneath the
thyroid cartilage and encircled the neck twice horizontally; the two ends of the cable overlapped,
forming a cross-over point in the front-right of the neck. Then, the ligature passed obliquely through
the nape, gradually disappearing, forming a gap in the mark. The mark was sharply defined, stiff, yel-
low, and parchment-like. The investigators performed a three-dimensional scene reconstruction using
the Trimble X7 Laser Scanner and the PC-Crash Multibody System. Even though the geometry of the
ligature mark in the present case raised doubts about the manner of death, the three-dimensional
reconstruction confirmed that the hanging was feasible without any external intervention.
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1. Introduction

According to the National Institute of Mental Health, suicide is defined as “death
caused by self-direct injurious behavior with intent to die as a result of the behavior” [1].
Suicide is a recurrent variety of unnatural death. The global rate of suicide is around 10.7
per 100,000 individuals [2]. The prevalence of different suicide methods varies according to
the availability of harmful tools and socio-cultural acceptability [3]. In Europe and also in
Italy, hanging is the most common method of suicide [4].

Hanging is a form of ligature strangulation in which the force applied to the neck is
derived from the gravitational drag of the body’s weight or part of the body. A typical
method of self-suspension is to attach a thin rope to a high point, such as a ceiling beam
or staircase [5]. Airway occlusion occurs either from direct compression of the larynx or
trachea or from a lifting of the larynx so that the pharynx is closed by the root of the tongue
being pressed against the soft palate and roof of the mouth. Moreover, the pressure on
the neck causes the bilateral occlusion of the jugular system and the carotid arteries. This
causes a loss of consciousness in the victim. However, the mode of death in hanging can
also be bradycardia and heart arrest due to the stimulation of the baroreceptors situated in
the carotid sinus.
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Homicidal and accidental hanging are described in a only few cases [6]. Accidental
hanging is rare in both children and adults. Pediatric hanging is much less common among
small children or toddlers who trap their heads in their surrounding environment [7]. Adult
accidental hanging can be “voluntary” or “involuntary”. While the latter refers to pure
accidental hanging (e.g., incidents during professional or leisure activities), “voluntary”
accidental hanging includes hanging resulting from autoerotic asphyxia [8].

Different from hanging, strangulation is a type of mechanical asphyxia due to pressure
on the neck by a force other than from the victim’s body weight [5]. Strangulation is
common as a homicide method but also during intimate partner violence, domestic violence,
and sexual assault [9,10].

As homicidal and accidental hanging are anectodical, the manner of death in hanging
is nearly always suicide [11]. However, while examining a suspended body, the medico-
legal assessment should also consider homicidal hanging and simulated self-hanging [12].
For example, suspending a victim with a neck ligature should obscure the preceding
strangulation [12]. For that reason, any suspended corpse should be carefully examined.

The ligature mark may allow for distinguishing strangulation from hanging [13]. The
ligature mark is a common injury in cases of hanging and strangulation. The hanging
mark is usually a single mark slanting downwards from the knot to the noose and becomes
shallowest near the knot, especially if the noose is knotted with a hold knot [14]. On the
other hand, a typical strangulation mark completely encircles the neck many times without
gaps, following a horizontal plane overlying the larynx or upper trachea [10].

The environmental features of the scene are essential to piece together the circum-
stances of the crime. The body’s position, objects within the scene, and organic and
inorganic traces should be carefully examined. For example, self-hanging requires proper
environmental features to be carried out.

Typical scene documentation methods are handmade sketches, photographs, and
videos [15]. Photographs and videos should be coupled with manual measurements of the
scene’s perimeter and the objects within it [16]. Even though manual measurements are
accepted in practice, they require effort, multiple personnel, and extra time to represent the
scene accurately [17].

Geomatic techniques allow for the reconstruction of the crime scene using three-
dimensional data acquired quickly and efficiently [18]. Using geomatic techniques, it is
also possible to simulate the interaction between objects within the crime scene. A wide
variety of 3D techniques and optical sensors are now available. However, the two primary
geomatic techniques are photogrammetry and laser scanning [19].

We present the case of a 24-year-old woman found dead with a charging cable tied
around her neck and knotted to a staircase’s handrail. The report aims to show how
three-dimensional (3D) reconstruction helped establish the manner of death.

2. Case
2.1. Information from the Police Investigation

Around 5:50 a.m., a 24-year-old woman was found dead by two passersby, who tried to
save her by cutting the cable. According to witnesses, the victim argued with her boyfriend
and tried to jump out of his car while coming home from a wedding party the night before.
At approximately 12:30 a.m., she left home alone with her phone charger in her hand. The
victim had a history of multiple suicide attempts.

2.2. On-Site Investigation

The body was sitting, the back was leaning against the wall, the legs were bent, and the
knees were turned towards the staircase. The face was turned towards the wall (Figure 1).
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Figure 1. The body was found sitting near the wall.

The neck was compressed by a ligature consisting of a white phone charger cable
knotted to the staircase’s handrail. The ligature crossed immediately beneath the thyroid
cartilage and encircled the neck horizontally; the two ends of the cable overlapped, forming
a cross-over point in the front-right of the neck. Then, the ligature passed obliquely through
the nape of the neck, where it gradually disappeared, forming a gap in the mark. The mark
was sharply defined, stiff, yellow, and parchment-like; the cable was 90 cm long. Partially
dried saliva was leaking out of the right corner of the mouth, draining down over the chin.
Another trace of saliva was found just below the knot on the handrail, 38 cm from the wall
(Figures 2 and 3).

2.3. Autopsy Findings

The autopsy was performed by a 10-year experienced forensic pathologist. The body
weighed 67.8 kg and was 162 cm long. The time of death was estimated between 12:00 a.m.
and 02:00 a.m. using the Henssge Nomogram [20].

The autopsy showed eyelid hemorrhagic petechiae, soft tissue hemorrhage of the neck
muscles, and Brouardel’s sign (cervical prevertebral ecchymosis) [6]. The blood was fluid
and dark, and there was polyvisceral congestion.

2.4. Complementary Investigations

The secondary investigations (toxicological and histological examinations) were con-
ducted in the laboratories of the local hospital’s Section of Legal Medicine by experienced
operators. The toxicological analysis showed a blood-alcohol level of 1.89 g/L.

The histological samples were stained with hematoxylin and eosin (H&E). Samples of
the brain, heart, kidney, and liver showed congestion and no other pathological signs. The
samples of the lungs showed congestion and edema. The samples of the neck’s soft tissues
had extravasated erythrocytes from damaged blood vessels.
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Figure 2. The ligature was made by a smartphone charging cable.

Figure 3. The ligature and the saliva leakage.

2.5. 3D Reconstruction

A trained engineer reconstructed the scene using the Trimble X7 Laser Scanner and
simulated the hanging using the Multibody System of the PC-Crash program. The same
professional acquired, stored, and treated the data.
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Trimble X7 is a 3D laser scanner similar to others used for surveyors and geospatial
professionals.

PC-Crash is a software that is usually employed in reconstructing vehicle collisions.
The software is equipped with a rendering engine called the Multibody System, which
handles the characterization of bodies represented as ellipsoids connected by joints.

The 3D reconstruction of the scene and the digital simulation of the hanging demon-
strated that the victim could hang herself by making a double loop neck ligature.

3. Discussion

In the present case, there was a horizontal mark on the victim’s neck that encircled the
neck; the two ends of the cable crossed on the anterior aspects of the neck and proceeded
obliquely upward and backward, making the mark more and more superficial until it
disappeared on the nape. Hence, several concerns about the manner of death were raised
from the geometry of the ligature mark, due to its similarities with a strangulation mark
(Figure 4).

Figure 4. The ligature mark was taken from the front (A), side (B), and back (C).

A hanging ligature mark is a single mark that does not entirely encircle the neck
and becomes most profound opposite the suspension point [14]. On the other hand, a
strangulation ligature mark completely encircles the neck horizontally, overlying the larynx
or upper trachea, and is continuous and homogeneous [21].

Hence, the shape of the ligature mark, the shortness of the cable, and the apparent
difficulty in knotting the cable without external intervention were matters of concern.

The authors decided to use tridimensional reconstruction of the scene and prepare
3D simulation models to make educated guesses about the circumstances of death. The
main applications of geomatic techniques in forensics are violent crime scene analysis,
traffic collisions, fingerprint analysis, footwear analysis, facial reconstruction, blood pattern
analysis, and bullet trajectory analysis [21-25]. To the best of our knowledge, no other case
of a 3D reconstruction of a hanging has bene described in the literature.
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The general workflow for recreating a crime scene consists of many steps. Laser
scanners are typically used to capture the location by firing a laser pulse that strikes a target
and returns to the sensor [26]. Modern scanners can record at high-speed capture rates with
unprecedented levels of accuracy, while also recording the color information to reconstruct
a more realistic scene [27].

In the present case, the Trimble X7 Laser Scanner was used to generate the 3D model
of the scene. The scanner performed several scans and generated a set of point clouds from
each, which allowed for the creation of a high-reliability 3D model of the building, the
objects, and the surfaces [28]. The 3D reconstruction also included the trace of saliva on the
handprail, which was located about 38 cm from the landing wall. The woman probably left
this trace while she was knotting the cable to the railing (Figure 5).

saliva trace

il

Figure 5. 3D Reconstruction of the scene was performed using the Trimble X7 Laser Scanner (A) and
the handrail with the saliva trace (B).
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The Multibody System of the PC-Crash software simulates the interaction of a human
body model with 3D objects [29]. Each body part is represented by an ellipsoid with its
own mass, moment of inertia, and three dimensions. The ellipsoids were connected by
kinematic joints (Figure 6).

TR R - KK

Figure 6. 3D Reconstruction of the victim’s body using the PC-Crash Multibody System.

Different dynamics were simulated with the Multibody System. Usually, in hanging,
the noose is tied to a fixed object, and the body weight generates pressure on the neck by
pushing the body downward, following gravity. This makes the hanging mark more likely
to be unique, oblique, and discontinuous.

In the present case, the simulations confirmed that it was possible to hang using the
charging cable without any external help. The 3D reconstruction explained the ligature
mark on the victim’s neck. Due to the shortness of the cable (90 cm) and the position of the
trace of saliva (just below the handrail, 38 cm from the wall), the most likely position of
the woman was standing in front of the railing, bent forward with the neck just above the
handrail while tying the cable (Figures 7 and 8).

She probably encircled the neck twice to obtain the effect of a running knot and
fastened the free ends of the cable to the handrail. The victim probably left the saliva trace
on the wall as she tightened the fixed knot to the railing using her teeth. Then, she probably
rested her body sitting on the ground, producing pressure on the neck (see Figure 1).

Hence, the digital reconstruction of the crime was essential to recognize the circum-
stances of the crime. In the present case, traditional documentation of the on-site investiga-
tion would probably have been insufficient. The geomatic techniques give an undeniable
advantage compared to traditional photographs or video recording. Using the 3D digital
model, it is possible to simulate the interaction between objects within the scene.

On the other hand, forensic photography and video recording remain easy and conve-
nient ways to record many crime scene features. Even though many authors have outlined
the bias and uncertainty of forensic digital photography, it is now possible to obtain reliable
photos or videos, even without special equipment, using a simple smartphone [30,31].
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Hanging 3D simulation.

Figure 7.

Figure 8. Hanging simulation considering saliva traces.
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Even though traditional on-site investigation recording methods cannot be replaced,
3D reconstruction technology should be increasingly employed in forensics.

4. Conclusions

Even though the use of 3D reconstruction is spreading in forensics, according to the
best of our knowledge, it is still not employed in cases of hanging. However, hanging
may represent a matter of concern for pathologists due to the scarcity of unambiguous
signs. Moreover, as hanging requires interaction between the victim and the environment,
a careful on-site investigation is crucial to reconstruct and make educated guesses about
the manner of death.

In the present case, the digital simulation was crucial to establish the manner of death.
The 3D reconstruction allowed the practitioners to simulate the victim’s interaction with
such on-site objects and traces. With the help of a trained engineer, the investigators used
the Trimble X7 Laser Scanner to map the scene, and then the PC-Crash Multibody System
allowed for the simulation of the hanging. Hence, it was possible to examine the hanging
dynamics and explain the presence and the position of a trace of the victim’s saliva. The
authors finally stated that the neck ligature was possible without any external action.

Traditional documentation of the on-site investigation (using photographs, videos,
or hand drawings of the scene) would probably have been insufficient to understand the
manner of death.

As such technological aids will constantly improve, their applications in forensic
sciences should be studied and progressively tested.
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