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Abstract

Up to ten percent of homicide deaths among women in North America involve strangulation and many of them involve domestic violence against
women [1,2]. The covid pandemic catalyzed the incidence of domestic violence making it a worldwide problem. Most healthcare professionals will
encounter domestic violence cases in their career, including manual strangulation. Strangulation related deaths are the result of applied external
manual forces to the neck that may rapidly lead to death often after compression of cervical blood vessels, or tracheal occlusion. Symptoms and
physical findings after manual strangulation pose a challenge for those without specific training. This paper gives an overview on aspects of fatal
manual strangulation. New, largely unknown developments that may help to make a proper postmortem diagnosis are discussed in this paper.
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Introduction

Prosecution in fatal manual strangulation cases may be
extremely difficult as fatal manual strangulation may lack an
obvious external trace in up to 40 percentof cases [1]. The statistics
for domestic violence related strangulation cases, especially
those that lead to homicides, alarming [2]. Domestic violence
is a worldwide problem, and most healthcare professionals will
encounter victims of domestic violence [3]. Domestic violence is
assumed to be underreported, but each year in the United States
about 1.3 million women and 835,000 men are victims of physical
assaults committed by an intimate partner. Moreover, 8% of men
and 25% of women will be assaulted by an intimate partner in
their lifetime. Annually, over 1,500 deaths in the United States are
the result of domestic violence [3].

Domestic Homicide Victims

The covid pandemic catalyzed the incidence of domestic
violence, creating an additional global problem, as stay-at-home
policies to reduce the spread of the SARS-CoV-2 virus increased
violence against women [4-8]. The term “intimate partner”
includes actual and former spouses or dating partners. Intimate
partner homicides make up almost 50 percent of all murders
involving female victims in the United States [9]. It is estimated
that there are about 20 physically assaults by an intimate partner

committed per minute in the United States [10]. The Centers for
Disease Control and Prevention report that about 1 in 6 homicide
victims are killed by an intimate partner [11]. About 40% of
homicide victims have been strangled by their offender within
the previous year. Surviving victims of strangulation are eight
times more likely to be a homicide victim thereafter [12]. Deaths
due to strangulation account for 10% of violent deaths in North
America [13], and of these, about ninety percent are related to
domestic violence [14]. “Strangulation” is defined by Minnesota
Criminal Statue §609.2247 as “intentionally impeding normal
breathing or circulation of the blood by applying pressure on the
throat or neck or by blocking the nose or mouth of another person”
[15]. Manual strangulation is a overwhelming devastating form
of domestic violence because no extra weapon is needed and the
victim can be unconsciousness in seconds and dead within
minutes [10,16]. According to one study, the lethality was 4.8%
in 289 incidents in which an intimate partner strangled a woman,
compared to 1.0% in 4,722 cases where other types of violence
were used [17]. The human neck is vulnerable because of its small
diameter and lack of bones protecting major vessels and trachea
which are fundamental for life [18]. Strangulation injuries include
hanging, manual strangulation, and ligature injuries when an
object is used around the neck [19]. Postural strangulation occurs
when pressure on the neck results in asphyxia caused by an
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unusual head down position often against an object. This is often
associated with alcohol and drug intoxications [20]. Accidental
self- strangulation and sex-associated asphyxias have been
reported, but these cases remain a challenge for forensic medicine
[21]. The most likely cause of death is either anoxia from occlusion
of the arteries, venous occlusion of the major neck veins followed
by congestion or anoxia, and occlusion of the trachea [1].

Disinformation by assassin

A realistic scenario for fatal manual strangulation is that the
victim is reported by the attacker, claiming suicide or substance
abuse. As no evident injury can be seen, an autopsy is performed
with the suspicion of drug abuse, and the signs of strangulation
may only be found if neck dissection is performed. In these
cases, the suspect will not be examined properly, and crucial
photographs and other evidence collection is not made [22].
The intent in cases ofstrangulation may be homicidal, suicidal,
accidental, or autoerotic. Autoerotic hypoxia, which is practiced
mostly by men, involves strangulation to increase orgasmic
pleasure. These people usually hang themselves so that their
feet can just reach the floor to ensure they will survive; however,
consciousness may be lost within 10 seconds, leaving the victims
incapable of releasing themselves [20,23,24]. The criminal justice
system faces many legal challenges for successful prosecution
in manual strangulation cases as merely fifteen percent of these
victims present crucial evidence for manual strangulation [25].
Therefore, this review will focus on manual strangulation resulting
in death where homicide may be extremely difficult to prove.

Pathophysiology of Strangulation

There are several anatomic neck structures that can cause
morbidity and mortality in manual strangulation within minutes.
These structures include the jugular veins which can resist merely
2 kg of manual force, the carotid arteries which collapse under
2.5 to 10 kg of pressure, the vertebral arteries which need 8 to
30 kg of pressure to collapse, and the trachea which will constrict
completely under about 15 kg of pressure. The cricoid cartilage
may fracture with 9 kg of force [19]. The grip strength with two
hands in young women is about 28 kg and for men upto 45 kg. The
“tip pinch” of thumb and other fingers is most used in manual
strangulation from thefront, using one hand. The grip strength
with one hand is about half of that with two hands [26, 27].
However, these data may be incorrect in vivo as they are based on
cadaver studies published in 1897 [28].

Manual strangulation options include strangulation with one
or two hands constricting the larynx region facing the victim.
From behind, the forearm or elbow is generally used to constrict
the neck [29]. Several variables are involved in the fatal outcome:
the quantity of pressure, the duration, the size of the area where
the force is applied, and the location at the most vulnerable neck
structures. The likelihood of a fatal outcome increases if the surface
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area is small when fingers are used, or if the duration of the force
is longer. Even a relatively minor force by a small woman applied
to a vital anatomic area may strangle a large man as has been
showed by U.S. Army “close-range combative” training [22,30].
The likelihood of death increases with advanced age, heart disease,
drug intoxications, or a vulnerable brain due to past injury [31].
About ten seconds of precise pressure on both carotid arteries
may cause unconsciousness followed by brain death within five
minutes [12]. Obviously, manual strangulation will primarily affect
the jugular veins and/or carotid arteries. Pressure on the jugular
veins with intact arterial flow prevents venous blood flow from the
brain, resulting in congestion in the brain with unconsciousness,
hypoventilation, and death within minutes. The fatal outcome is
facilitated by cerebral hypoxia which will cause a loss of muscle
tone. Once muscle tone is compromised, the pressure applied to
carotid arteries or trachea will increase. Direct compression of the
carotid arteries decreases cerebral blood flow which is a major
cause of the loss of consciousness [19]. Choking is a technique
used in martial arts [32] and in the past by police forces. In one
study, twenty-four healthy police officers were studied during
vascular neck restraint; carotid artery compression proved to be
the most important cause of loss of consciousness, which started
within 5-11 seconds [33,34]. It can be speculated that pressure on
the carotid sinuses may cause a baroreceptor reflex with increased
parasympathetic activation with sinus bradycardia or asystole
together with the vasodepressor response, and hypotension
due to decreased sympathetic activation will intensify hypoxic
brain injury. Nevertheless, the risk of death caused by the
cardioinhibitory reflex only is probably very small [35]. In recent
decades, brochures, lists of questions, checklists and electronic
applications have been developed to assist the investigation
during cases of possible manual strangulation [22]. The
Training Institute on Strangulation Prevention provides training,
documentation, and electronic applications [36]. Evaluation of
(suspected) strangulation is discussed below and outlined in table
1.

Police Work-up

Emergency (911) tapes should be evaluated to establish
the suspect’s emotional state and statements. Additionally, the
suspect’s cellular phones and computers should be confiscated
and evaluated. Detailed police work-up is beyond the scope of
this review. Evaluating old medical records from the victim can
be vital in domestic violence prosecution because the recurrent
rate of domestic violence is high and many survivors of manual
strangulation do not provide this information to police authorities
but may have discussed this with their physician [13,37].

History and physical examination of the suspect,
household members/neighbors/bystanders

Because of the high incidence of domestic violence, household
members should be questioned and examined. The decision

How to cite this article: Kenrick B, Guido R. Fatal Manual Strangulation: A Brief Overview. J Forensic Sci & Criminal Inves. 2023; 17(5): 555973.


http://dx.doi.org/10.19080/JFSCI.2023.17.555973

Journal of Forensic Sciences & Criminal Investigation

whether a possible attacker has to be inspected, however, is made
by police officers or the prosecutor. Non-fatal strangulation is an
acknowledged risk factor for successive intimate partner homicide
[17,38,39]. Therefore, certain information is required concerning
domestic violence incidents in the past, pending criminal cases,
and whether the suspect is currently on probation [22]. Detailed
information should be obtained from the suspect, household
members, neighbors, family or other relevant persons. One should
know whether the suspect is left or righthanded and whether they
wear jewelry, -in particular rings-that may have caused marks on
the victim. The suspect’s level of intoxication and/or use of drugs
and everything said must be electronically recorded [22]. Since

Table 1: Important elements in the suspicion of manual strangulation.

victims often fight for their lives, defensive biting, scratching, or
pulling of the suspect’s hair should be determined. Moreover, the
suspect may be the only person with visible injuries. DNA evidence
from bodily material, including fingernail clippings, blood, hair,
or any other relevant material has become a major resource for
solving crimes, in particular because DNA material can be stored
for decades for later use [40-42]. The fingernail clippings of victims
are important sources for forensic DNA testing, but although this
foreign DNA may persist under fingernails for up to 48 hours, the
signs of the scratched perpetrator are often no longer visible five
hours after scratching [41].

Police work-up

-Evaluate old medical records from the victim

-Evaluate emergency tapes

History

-Evaluate history of domestic violence
-If the partner is involved there may be a history of domestic violence in 90%
-Document associated diseases and injuries
-Obtain the approximate time of injury

Digital photography

-Pictures should be taken by law enforcement at the scene
-Pictures should represent the complete (crime)scene
-Every visible injury should be documented supported with photographs
-Special focus on the face and neck area is recommended include both surface of both ears, under the chin,

-Significant visible injuries can be found in 15% of the cases.
-Forensic light (alternative light source) can be used to make invisible strangulation injuries visible
-Experience within close-up photography is necessary to make them usable in court

under the eyelids, and eyes

Postmortem external examina-
tion
Head, neck, and upper body

-Visible signs of strangulation are difficult to find but are also often missed or misidentified as symptoms of

-Head, eyes, ears and throat may show signs of violence
-The tongue may be swollen, and foreign bodies and bit marks may be present in the oropharynx
-The face may show edema, lacerations, abrasions and ecchymosis
-The neck may show no signs but abrasions, edema, lacerations and a ligature mark can be observed
- Injuries may also be found behind the ears, scalp, chin, jaw, on shoulders, and chest area
-Look for redness, abrasions, bruises, scratch marks, scrapes, fingernail marks, thumbprint bruising behind
the ears, ligature marks and bruises on the neck.

-Ligature marks can be very subtle but are an external clue that the hyoid bone may be fractured

-Half-moon shaped abrasions of fingertip bruises (potentially under the hair) may provide evidence of man-

-The nails may show blood of skin of the attacker which should be collected for DNA-analysis

-Can be found in up to 95% of cases of manual strangulation
-Scattered petechiae can be found on the entire face and neck region, especially within the mucosa of the
lower eye lids and the conjunctivae of the eye
-Is case of obstructed carotid arterial flow petechiae will not develop
-Petechiae may be difficult to recognize in the skin of darkly pigmented victims
-Generalized petechiae are a non-specific finding
The presence of petechiae does not prove strangulation and the absence of petechiae does not disprove

-Can be caused by cranial congestion, compression between the teeth, direct pressure to the hyoid bone into
the base of the tongue and displacement of the hyoid bone due to the neck compression

-When distributed over the tongue without a special arrangement, cranial congestion is the most likely cause

-Bite marks and internal tongue hemorrhages are frequent findings in all types of homicidal strangulation or

other conditions

ual strangulation

i Petechial hemorrhages

strangulation.

ii. Hemorrhages of the tongue

suicidal strangulation

Postmortem external examina-
tion
Lower body

-Involuntary urination may be signs of strangulation as people lose control of these functions
-In case of rape, genital injuries have to be evaluated
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History and physical examination
of the suspect

-The incidence of domestic violence is high
-Household members should be questioned and examined
-Non-fatal strangulation is a risk factor for partner homicide
-One should know if the suspect is left of right-handed, and the wearing of jewelry that can cause marks on
the victim
-The suspect’s level of intoxication and/or use of drugs should be known
-Because victims may fight for their lives, the suspect may have visible injuries
-Fingernail clippings of victims are important sources for DNA testing
-On the assailants, lesions are mostly located on the backs of the hands, the face and the shoulders.
-The thumb is often subjected to self-defense injuries
-Lesions on the base of the thumb may be considered pathognomonic for manual strangulation
-Strangling from behind may lead to biting in the arm
-Strangling form the front may lead to scratching of pulling of hair

Postmortem chemistry and bio-
chemical markers

-There is a need to identify reliable postmortem biochemical markers that support the diagnosis of strangu-
lation, but currently such a marker does not exist.
-Thyroglobulin show some promise as biomarker
-Antemortem mechanical force applied to the neck region may increase thyroglobulin concentration in
postmortem serum
-Postmortem chemistry is of no value without other crucial information.

Post-mortem imaging in forensic
investigations

Computed Tomography (CT)
-Post-mortem CT is able to elucidate internal injuries of the bony neck structures and fractures of the laryn-
gohyoid complex.
-CT-may detect additional fractures not visualized during the autopsy
-Micro-Computed Tomography can be used to detect laryngeal micro-fractures overlooked by conventional
computed tomography

Magnetic Resonance Imaging
-MRI is excellent in examining the interior of a corpse but not widely used in forensic imaging because
MRI-scanners are less available than CT-scanners
-MRI complements the lack of discrimination in organ findings from the CT-scan
-MRI allows for better assessing the inner soft tissue structures of the neck

Autopsy

-At autopsy there may be often no external evidence of injury and small fractures are difficult to demonstrate
-Some manual strangulation types will leave no traces
-Homicidal neck compression can lead to hyoid or laryngeal fractures, hemorrhages of the neck subcutis or
larynx, and petechiae.
-In the usual method of laryngeal dissection, the risk of overlooking important injuries is significant.
-An alternative method may be a complete resection of the thyroid cartilage with horizontal incision through
the cricoids
-In cases of manual strangulation, factures of the hyoid, thyroid or cricoid can be seen in about half of female
victims.
-Hyoid fractures occur in one-third of all homicides by strangulation but is seen more often in older victims
of strangulation
-Cervical spine fractures and dislocations may indicate severe beating, hanging of being dropped from a
height.
-Knowledge of characteristic findings is crucial to avoid misinterpretation

Digitalization and integration of
several visual modalities

-Combining true color digital photography, CT and MRI make the case visually understandable for experts
and non-experts
-External neck bruises can be correlate with internal hematomas revealed by CT or MRI
-Even autopsy findings can combine with forensic imaging
-Reassessment of the findings is possible even after burial of cremation.

Very often lesions on the assailants are located on the backs of
the hands, the face, or theshoulders, but in many cases no injuries
can be found. Because the thumb is the strongest part of the hand,
it is often exposed to self-defense injuries. Specific lesions on the
base of the thumb may be considered pathognomonic for manual
strangulation [29]. Strangling from behind using a chokehold may
lead to bitemarks on the hand or arm. Some bite areas may be
found on biceps,forearms, shoulders, and upper chest [22]. The
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clothes of the suspect have to be examined by the forensic science
laboratory. It remains imperative to investigate, photograph
and interview all other household members and other possible
bystanders. It is recommended that the forensic physician or
forensic pathologist visit the place of incident to physically
examine the suspect and his surroundings and to interview the
household members and other bystanders.
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History

History should be obtained from witnesses, family, friends,
and professionals involved in thecrime scene. If the partner is
involved, there may be a history of domestic violence in up to
90 percent of the cases [12]; in other words, a victim of a prior
strangulation is 800 percent more likely to become a homicide
victim of that partner. In death investigations, a reasonable index
of suspicion of a criminal offence is required to initiate further
evaluation [22]. Associated diseases, injuries and substance
ingestion need to be evaluated. Obtaining the approximate time of
injury is also essential. The victim’s initial on-scene presentation
and resuscitative efforts should be documented.

Digital Photography

In any case of possible violence, pictures are one of the most
important tools. As many pictures as possible should be taken
by law enforcement at the scene. These pictures should include
all areas of the (possible) crime scene. Pictures should be taken
of the location, the surroundings, people at the scene, important
areas like stairs, any potential weapon, traces of blood, and in
fact, everything [14]. The digital photographs should include
distant, full-body photographs of the victim to identify the injuries.
Additionally, multiple total body close-up photographs should be
taken with - in case of suspected strangulation - special focus on
the head and neck area at different angles. All injuries, no matter
how minor, should be photographed for both victims and suspects
[14]. Photos should be taken with and without a ruler placed next
to the injury to document the size of the injuries [13] Specific
areas to photograph include the ears, the area below the chin,
the inner side of the lips and cheeks, the soft palate, the eyes and
inside the eyelids [22]. Nevertheless, injuries are often too minor
to photograph in manual strangulation cases. Significant visible
injuries, like marks and bruises, can be found in only 15 percent
of the cases [43]. Unfortunately, photographs may be unusable in
court as physical evidence of strangulation because they show
nonspecific marks or are too unclear or details are blurred by the
flash. Police officers are therefore trained in close-up photography
[12,43].

Alternative light sources

A forensic light source or “Alternative Light Source” is a
special lamp that releases ultraviolet and infrared wavelengths.
It filters the light to enhance the visualization by light interaction
methods: fluorescence will glow, absorption will darken evidence,
and diagonal lighting may reveal small particles. These light
sources enhance inspection of the skin, by revealing bruises or
other details like fingerprints, body fluids and hair, which are
invisible with normal light sources. Especially soft-tissue injuries
can sometimes be adequately pictured. One study of 172
strangulation surviving victims reported that no visible evidence

of external injury was seen in 93% of the strangulation victims,
but with the use of alternative light sources there were dermal
injuries visible in 98% of that group [44]. However, there is no
literature available on the postmortem use of an “Alternative Light
Source ”. And even if there are no lesions seen with an “Alternative
Light Source”, one cannot simply conclude that there is no injury.

Cross-polarized photography and parallel-polarized light

In cross-polarized photography and parallel-polarized, light
from two polarizers has to pass through polarizing filters at a
special angle. This may enhance visualization of bite marks, burns,
and strangulation marks [45,46]. The efficacy of this technique in
manual strangulation needs to be proven.

Postmortem external examination at the crime scene and
atautopsy. Head, neck and upper body

Visible signs of manual strangulation may be difficult to find,
but also may be misinterpreted as symptoms of other conditions
[14]. In one study of 100 cases of strangulation, police officers
could not reportinjuries in 62 percent of the cases. Minor injuries,
like redness or scratch marks,were reported in 22 percent of the
cases [12]. Head, eyes, ears, nose, and throat may show marks
of violence. Edema of the tongue or oropharynx may be seen
and blood, vomit, or tissue or bitemarks may be present in the
oropharynx. The face may show edema, bruises and ecchymosis.
Atfirst glance the neck may look normal, but thorough search
may show scratches, edema, cuts orligature marks. Injuries may
also be found behind the ears, the scalp, under the chin, inside
the mouth, on arms, shoulders and chest. There should be special
focus on redness, abrasions, bruises, scratch marks, scrapes,
fingernail marks, thumb-print bruising (especially behind the
ears), ligature marks, and bruises on the neck [22]. Ligature
marks may be difficult to notice, as they look like the natural folds
of the neck. Ligature marks may be an indication that the hyoid
bone is fractured [13]. Ear bleeding is an infrequent finding in
fatal strangulation [47]. Forearm strangulation around the neck,
known as the “carotid restraint hold” can leave marks on the
shoulders.

Three types of nail mark abrasions are often seen: impression
marks, claw marks, and scratches [29]. These types occur
separately or in combination. Impression marks are often small
marks due to the cutting of fingernails into the skin. They may be
curved, exclamation mark-like but oval, triangular, or rectangular
skin injuries may be found. The injury is the result of the angle
between the finger and the skin, the shape of the nail and the
flexibility of the skin. Claw marks occur when the skin is damaged.
Because most victims are women, their longer nails often cause
more damage than scratches caused by attackers. Claw marks are
parallel markings often in the front of the neck but sometimes
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scattered randomly. The length varies between a few mmand a
few centimeters and is caused by the nails cutting the skin. Blood
and/or fragments of skin often remain under the nail. Scratch
marks may look like parallel reddening or superficial marks on
the skin [12,29]. Vertical fingernail scratch marks on the victim
may be caused by the victim’s own fingernails. The victim, most
often a woman, may have struggled to release the stranglehold
and thereby injured herself. However, these marks may be a
combination of lesions caused by the victim and the assailant’s
fingernails [13]. Small half-moon shaped abrasions on the back of
the victim’s neck (potentially under the hair) may provide evidence
that the suspect’s hands were wrapped around the neck. Head
injuries may be seen if the victim’s head was pushed onto the floor
or wall during strangulation. There may be swelling of the neck
due to internal hemorrhage, caused by injury of the underlying
neck structures. Subcutaneous edema or crepitus may be a sign of
trauma to the lungs or fractureof the larynx [13]. Swelling of the
victim’s neck, lips and/or tongue have to be described because
these may not be photographed well. A pressure point from the
suspect’s thumb(s) on the neck or from a ligature often does not
appear right away or may appear as redness on the neck [48].
Fingertip bruises are often difficult to see. A single mark on the
victim’s neck is generally caused by the assailant’s thumb [13],
but these fingerprints on the skin of the victim’s neck are rare [49,
50]. Chin abrasions may occur if the victim lowered the chin to
protect the neck [13]. The nails may contain blood or skin of the
attacker and if so, this should be collected for DNA analysis.

Petechial hemorrhages

The detection of typical hemorrhages in manual strangulation
demonstrates that the victim was still alive at that time [51].
Petechial hemorrhages may be discovered at or above the level
of compression on the skin, palate, the eyes and in the brain [1].
Special attention should bepaid to conjunctival or facial petechial
hemorrhages as these petechiae can be found in up to 95 percent
of cases of manual strangulation [29]. Multiple areas of scattered
hemorrhages (petechiae) of about 1 mm in size can be found on
the entire face and neck region, in particular under the lower
eyelids and the conjunctivae of the eyes. Petechiae are caused
by increased intravascular pressure due to a combination of
impaired venous return in the presence of persistentarterial flow.
Anatomical features and perhaps hypoxia also play an important
role [21,52]. Less force is needed to occlude the venae jugulars
compared to the carotid arteries and in continued arterial flow
the venous vessel wall will be injured, resulting in many small
petechias. The hemorrhages are mostly found in regions where
the vessel walls consist of one layer of endothelial cells. The
conjunctiva consists of a single-layer wall covered by loose
connective tissue, and it cannot endure much pressure and
together with a weak vessel wall, petechiae will be first created
in the conjunctival parts connected to the tarsus. Microscopic
evaluation will reveal vessels with ruptured walls and congestion.
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Empty capillaries are also seen because the damaged endothelial
will release vaso-active substances which decreases the blood
flow and limit influx into the vessels. These hemorrhages, due to
the rupture of a vessel wall, also called rhexis hemorrhages, may
arise within seconds [52,53]. When the force obstructs carotid
arterial flow simultaneously with the jugular veins, petechiae will
not develop [54]. One should be awareof the fact that petechiae
may be difficult to identify in darker skin [49], and the question
remains if one or a combination of these signs can be predictive of
strangulation.

Many other causes of petechial hemorrhaging in the
conjunctiva and other places have been reported in cases of
external choking as well as in deaths due to natural causes,
including sepsis and cardiac events, but also in other causes
like electrocution, cerebral trauma, and intoxication. Petechiae
in many parts of the body are mostly not specifically related to
strangulation but caused by centrally elevated venous pressure
in the chest. Increased intrathoracic or -abdominal pressure
may produce congestion and may also be responsible for these
petechiae in the head regions. Examples are epileptic seizures,
asthma attack, sneezing, coughing, vomiting, giving birth, or other
Valsalva maneuvers. In contrast, cardiopulmonary resuscitation
does not seem to cause conjunctival petechiae [55]. Postmortem
development of petechiae is also possible when the head is
lying lower than the body [53,56]. In summary, the existence of
petechiae does not prove strangulation, and the lack of petechiae
does not exclude strangulation, but when found in combination
with a history of strangulation, petechiae may be a sign of a
deadly attack [20,21,52,53,55-58].

Hemorrhages of the tongue

Tongue hemorrhages can be caused by cranial congestion. This
may be the result of compression by the teeth and neck compression
that gives direct pressure on the hyoid bone into the base of the
tongue by dislocation of the hyoid bone [59-62]. The bleeding
must have happened while the victim was alive. Hemorrhages
restricted to the margins of the tongue are mainly caused by the
teeth. Central hemorrhages in the tongue are less common in
forensic autopsy. When these bleedings are distributed over larger
areas in the tongue without a special arrangement or if only a few
small hemorrhages are present, cranial congestion is probably the
cause [60,63]. Bite marksand internal tongue hemorrhages (often
due to cranial congestion) are common findings in all types of
homicidal and suicidal strangulation by ligature [60].

Lower body

Urinary sphincter incontinence resulting in an empty urinary
bladder on catheterization may be an objective condition of danger
to life. In one study urinary incontinence happened in only 4 of 79
survivors (5%) as compared with 22 of 37 victims of homicidal
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strangling (60%) [29]. Involuntary urination or defecation may
be signs of manual strangulation as people lose controlof these
functions [1,25]. In the case of rape, genital injuries should be
determined.

Postmortem chemistry and biochemical markers

Toxicology testing will ordinarily be done by medical
examiners involved in homicide investigations [22]. Postmortem
chemistry is essential in the forensic pathology routine and much
progress has been made [64-69]. Biochemical markers often
used include alcohol, drugs, markers of myocardial ischemia,
inflammation, infection, sepsis, anaphylaxis, hormonal diseases,
anemia, or hypoxia, and brain damage as circumstances of natural
death have to be evaluated as well [66]. In some cases, the post-
mortem finding of drugs or intoxicants in bodily fluids have offered
a tactical defense theory, to argue that death occurred by suicidal
intoxication or overdose, and the assailant “merely” committed
a physical assault, or even a consensual “asphyxophilic sexual
injury” after which the victim supposedly committed suicide
[22,70]. There is a need for reliable, postmortem biochemical
markers of antemortem mechanical strangulation in fatal cases,
but currently such a laboratory parameter does not exist.
Thyroglobulin, however, shows some promise in this respect. The
thyroid gland is situated in front of the neck and thyroglobulin
is produced and stored only in the thyroid cells. Additionally,
thyroglobulin is rarely secreted excessively in healthy individuals.
The serum level is related to the size of the thyroid at 1 ng/mL
per 1 g of thyroid mass. A thyroid gland weighs 20-25 g, so the
reference range should be 20 to 25 ng/mL (20-25 pg/l) [71].
Consequently, mechanical force before death in the neck region
may result in increased thyroglobulin levels in sampling sites
close to the thyroid gland. In one postmortem study, thyroglobulin
concentrations in serum from right heart blood in asphyxia cases
(14 cases, including 10 suicidal hanging cases) ranged from 65 to
893 pug/l. In 11 out of these 14 cases, thyroglobulin levels were
above 200 pug/1[68]. However, increased levels of thyroglobulin in
cases without strangulation may exist but the authors of one study
speculate thatifthe thyroglobulin concentration of both rightheart
blood and left heart blood are below 200 ng/ml, one can conclude
that there was no antemortem strangulation causing damage to
the thyroid tissue [72]. Nevertheless, postmortem chemistry is
of no value without other crucial information including history,
physical examination, radiological investigations, macroscopic
findings, histology, and toxicology [72,73].

Post-mortem imaging in forensic investigations

Recently, modern imaging methods, like radiological cross-
sectional imaging, have become common forensic practice
worldwide [74,75]. Although conventional radiography has
been used in most countries in forensic imaging, the preferred
method is multi-detector computed tomography, which allows
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3D imaging of the total human body [74]. In addition, these
imaging methods will help the pathologist decide on the optimal
dissecting technique to avoid iatrogenic injuries [76]. In the case
of manual strangulation, fractured laryngeal structures may
be the only forensic finding. In the evaluation of strangulation
deaths, post-mortem computed tomography is able to establish
major injuries of the bony neck structures, in particular fractures
of the laryngohyoid complex. Post-mortem computed tomography
may be superior to autopsy-only examinations in the detection of
small fractures. It may detect additional fractures that are difficult
to visualize during autopsy. This is because the laryngohyoid
complex has many muscles attached to it which cover a large
part of the surfaces [77]. Fractures of the ventrolateral arch of
the cricoid cartilage, along with hyoid and thyroid fractures or
hemorrhages in these regions, should be looked for [51]. Hyoid
fractures may be found in about 17 to 71 percent of fatal manual
strangulation cases [1,78]. Unfortunately, the minimal slice
thickness with multi-detector computed tomography is usually
0.6-1.2 mm and small tissue injuries may be missed or overlooked
[79]. Micro-computed tomography is a new radiologic technique
with a resolution of a few microns. It performs tridimensional
investigations, showing micro-architecture which is very useful in
detecting laryngeal micro-fractures overlooked by conventional
computed tomography [79-81]. Unfortunately, the larynx has to
be removed and scanned separately with this technique [51].

Magnetic resonance imaging (MRI)

Although MRI is a good technique to examine the internal
corpse, it is limited because MRI scanners are less accessible
than multi-detector computed tomography devices. MRI offers
excellent soft-tissue evaluation, as it also distinguishes muscles,
fat and neurological structures. It complements post-mortem
computed tomography as MRI allows assessment of the inner
soft-tissue structures of the neck, including vessels of the larynx
[82-85]. Signs of manual strangulation include hemorrhage
(e.g., subcutaneous, intramuscular, lymph node, submandibular
glands), congestion, and also fractures of the laryngeal skeleton.
However, small intramuscular hemorrhages of the sternohyoid
muscle and substantial hemorrhage of the vocal cords may be
missed by MRI. Compared to autopsy, postmortem MRI is almost
as accurate in the detection of hemorrhages in the neck, but
MRI is less accurate in the detection of fractures compared to
postmortem CT and autopsy [51,84].

Autopsy

Despite the above-mentioned signs, even an autopsy with
detailed evaluation may show no external evidence of injury in
strangulation. If the manual grip has been held in one place until
circulationstops, no extravasation signs will be found from the
pressured vessels. A broad soft ligature or forearm would apply
force over a wide region, leaving a minimum of traces [86]. Special
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attentionshould be paid to external injury to skin, macroscopic
hyoid or laryngeal fractures, hemorrhages of neck subcutis or
strap muscles and subconjunctival or facial petechiae. A triad of
hemorrhagemay be found: subepithelial laryngeal, intralaryngeal
muscular, and intracartilaginous laryngeal [87]. The diagnosis of
manual strangulation at autopsy may be difficult as small fractures
of neck structures without dislocation are difficult to establish
also because of the risk of iatrogenicinjuries [79,80]. Maxeiner
postulated thatthe common method oflaryngeal dissection carries
a substantial risk of overseeing significant so-called “hidden”
laryngeal injuries. The preferred dissection method in his view
is a complete resection of the thyroid cartilage. Inspection of the
laryngeal joints and laryngeal muscles should be carried out with
the tongue attached [88]. Using this procedure, incomplete
fractures and incomplete or non-dislocated fractures of the
thyroid and cricoid cartilage may be better evaluated. In cases of
manual strangulation, fractures of the hyoid, thyroid, or cricoid
cartilage can be seen in about half of female victims. The hyoid
is a U-shaped bone and because of its shape it is easily fractured
by strangulation. These fractures occur in one-third of all fatal
strangulation cases. Fracture of the hyoid occurs commonly in
older victims of strangulation because of decreased elasticity
and increased ossification or fusion of the hyoid synchondroses
occurs with increasing age. The hyoidis fused in older persons
whereas the unfused hyoids are found in younger persons. The
hyoid bone is ossified or fused in about 70% of all fractured
hyoids, compared with only 30% of fusionin unfractured hyoid
cases of strangulation. Fractured hyoids are also longer and more
steeply sloped when compared with unfractured hyoids [89-92].
Autopsy may reveal laryngeal muscle bleedings, principally of the
vocal folds in manual strangulation [88]. The aspect of injury of
the tissues of the neck may differentiate strangulation from other
traumatic injuries like hanging or blowing to the neck, or artifacts
of postmortem disintegration. Ligature marks related to the
used object will often be horizontal in ligature strangulation and
diagonal in cases of hanging [20]. Other bruises and scrapes are
equally important. In the autopsy investigation, every injury on
the body may be significant. For example, contusions of the chest,
abdomen and extremities become valuable proof to establish the
pattern of abuse [22]. In some cases, effortsto conceal thereal cause
of death are made, to give the impression that death was caused
by an accident [18]. Cervical spine fractures and dislocations may
indicate severe beating, hanging or being dropped from a height.
[20] Knowledge of characteristic findings is crucial [93]. In busy
routine medicolegal practice, subtle homicidal strangulation may
remain unnoticed by the pathologist in some cases [94].

It remains a challenge to prove that observations made
postmortem are a sufficient basis to conclude that death was
caused by manual strangulation. Obviously, a wrong statement
maylead to unjustified conviction. Pollanen described five main
pitfalls and artifacts encountered in the neck at autopsy [91].
First, development differences of the hyoid may contain a flexible
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synchondrotic joint simulating a fracture. A fractured hyoid
bone, however, will show discontinuity of the bone itself with
traces of bleeding. Microscopic analysis after decalcification
of the hyoid bone may -in theory- be helpful in these cases, to
make the call of strangulation and homicide on the basis of such
a microscopic evaluation would be at present irresponsible and
nonscientific. Second, triticeous cartilage may appear as a fracture
of the superior cornu of the thyroid cartilage. These small pieces
of fibrocartilage are present in the fibrous connective tissues
adjoining the hyoid bone. In the absence of fractures, there will
be no hemorrhage, and careful macroscopic examination or
histological examination is required for a proper conclusion. Third,
a so-called Prinsloo-Gordon hemorrhage is an important pitfall in
the search of hemorrhage dueto strangulation. The veins of the
posterior pharynx are a widespread anastomosing arrangement of
small vessels known as the laryngo-pharyngeal venous plexus. In
the agonal period, there may be congestion of the veins cranial to
the heart, leading to rupture.

Fourth, postmortem hypostatic hemorrhage will follow in the
combination of a congested venous plexus by gravitational effects
of postmortem stasis and a loss of vascular integrity of the venous
plexus due to autolysis or decomposition. If sudden death occurs
with the body in the head down position, postmortem hypostasis
in the head may give hypostatic hemorrhages in the soft tissues
of the neck, which resemble strangulation injuries [91,95]. Fifth,
resuscitation-related neck injuries that give the impression of
strangulation injuries include sternomastoid muscle perforation
due to placement of a catheter in the internal jugular vein.
latrogenic injuries include esophageal or pharyngeal injuries
caused by traumatic intubation, barotrauma due to mechanical
ventilation and laryngeal fracture due to cricoid pressure during
resuscitation and surgical tracheostomy or cricothyroidotomy
to establish an open airway [91,96]. Pulmonary defects may
be the result of hypopharyngeal injuries with pneumothorax,
pneumopericardium, aspiration and pulmonary edema [97].
The cause of pulmonary edema may be neurogenic or due to
large intrathoracic pressure differences [12,98,99]. Neurogenic
pulmonary edema may be the result of a sympathetic
hemodynamic effect leading to increased pulmonary hydrostatic
pressure [100-103].

Digitalization and Integration of Several Visual
Modalities

Recent promising technological developments combine true-
color digital photography with computed tomography and/or
magnetic resonance imaging to produce three-dimensional (3D)
documentation using 3D scanners [75,104,105]. This technique
reveals correlations between external injuries and internal
injuries, improving the understanding of a case. In addition, these
images make the case visually understandable for experts as
well as non-experts like jurors and judges. For example, external
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neck bruises documented using a digital camera have to correlate
with internal hematomas of internal soft-tissue injuries of the
neck revealed by computed tomography or magnetic resonance
imaging that may show how the crime scene evolved. This may
also provide insight into the way the neck was strangled. Since
the illustrations are based onthe visualization of real data, they
increase objectivity [104]. Other techniques are even able to
combine autopsy findings with forensic imaging by computed
tomography, magnetic resonance tomography and 3D surface
scanning. This makes reassessment possible even after burial
or cremation of the corpse, thus leading to better court rulings.
. With a surface-scanning unit, a 3D image is constructed using
special software. Together with digital photography, a true-
color 3D surface reconstruction can be created, documenting
structures less than 1 mm in size [106]. This may support cases
of manual strangulation and documentation will be objective and
reproducible. Obviously, not all causes of death can be revealed
by this technique. For example, rhythm disturbances cannot
be diagnosed, but this is also the case in autopsy. Post-mortem
imaging will be increasingly used with many opportunities in
forensic imaging.

Special Case Situations

Several circumstances at the crime scene may exist that can
either divert the attention from manual strangulation or give
the impression of an accidental death. Postmortem stabbing
with a knife or the use of other weapons can draw attention
away from important signs of strangulation [29]. Death from
positional or postural asphyxia occurs when the person’s
position restricts breathing [107-117]. Fatal positional asphyxia
is usually accidental and is associated with drunkenness or other
intoxications. The diagnosis of positional asphyxia depends largely
on circumstantial evidence. The accident must be established and
moving to another position must have been impossible. However,
even in the presence of a fatal position, other potential underlying
causes of death, such as trauma, intoxication or exhaustion should
be excluded because positional asphyxia remains a rare cause of
death [107,108,110,113,115,116].

Discussion

Manual strangulation is a major cause of violent deaths.
Symptoms and physical signs of manual strangulation may be
absent or difficult to detect without specific training. Therefore,
a low indexof suspicion to initiate further investigation may be
justified. The criminal justice system faces many legal challenges
with regard to holding perpetrators criminally responsible, as
manual strangulation resulting in death can be extremely difficult
to prove. Manual strangulation is a well-known form of intimate
partner violence, and most victims are females strangled by a
male domestic member. Standard police work-up should include
a special focus on repeated violence of the suspect and digital
photography of the crime scene. Post-mortem imaging has become

a major tool as the diagnosis of strangulation at autopsy may be
difficult to prove. Conjunctival orfacial petechial hemorrhages can
be found in up to 95 percent of cases of manual strangulation but
are no proof of strangulation. If possible, postmortem biochemical
markers that help to evaluate manual strangulation in fatal
cases would be helpful. Due to recent promising technological
developments, it is possible to combine true-color digital
photography with computed tomography, magnetic resonance
imaging and autopsy to produce three-dimensional crime scene
documentation using 3-dimensional scanners. Nevertheless,
potential evidence of strangulation may be overlooked or not
accurately documented. The crime scene, circumstances and
history are crucial, and a comprehensive evaluation of all aspects
is essential for adequate prosecution.

Conclusion

There are several anatomic neck structures that, when
collapsed, can cause morbidity and mortality in strangulation
within minutes, often without a trace. Post-mortem computed
tomography elucidates major injuries of the bony neck structures
and may be excellent in the detection of minor fractures.
Diagnosing manual strangulation at autopsy may not be easy for
forensic pathologists, as small fractures of neck structures without
dislocation are difficult to find and introduces the risk of iatrogenic
defects.
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