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b Karolinska Institutet, Department of Oncology and Pathology, Solna, Sweden
c Department of Forensic Medicine, Swedish National Board of Forensic Medicine, Stockholm, Sweden
d Karolinska Institutet, Department of Clinical Neuroscience, Centre for Psychiatry Research, Solna, Sweden
e The Swedish Police Authority, Analysis Center in Police Region Stockholm, Stockholm, Sweden

A R T I C L E  I N F O

Keywords:
Non fatal strangulation
Fatal strangulation
Manual strangulation
Ligature strangulation
Forensic medicine
Injury pattern
Forensic evidence
Intimate partner violence
Clinical Forensic Medicine

A B S T R A C T

Background: Strangulation is a gendered and under-recognized form of violence often linked to intimate partner 
violence (IPV) and sexual assault, predominantly affecting women. Understanding injury patterns in non-fatal 
(NFS) and fatal strangulation (FS) is essential for diagnosis, prosecution, and prevention.
Objective: This study examines injury patterns and forensic characteristics in NFS and FS cases in Sweden, 
contributing evidence to support clinical and forensic assessments.
Methods: This retrospective study analyzed 617 NFS cases from 2022 and 139 FS cases from 2003–2022, sourced 
from the Swedish National Board of Forensic Medicine. Chi-square and Fisher’s Exact Test assessed associations 
between strangulation method and injury patterns.
Results: Manual strangulation predominated in NFS (96 %), while FS cases had a near-equal distribution of 
manual and ligature methods. Petechiae were much more common in FS (91 %) than in NFS (4 %), but no 
significant differences were observed in the occurrence of petechiae between the different types of strangulation. 
Fractures of neck structures were more frequent in older FS victims compared to younger. IPV was the primary 
context in both NFS (67 %) and FS (43 %) cases, with a majority of victims being female.
Conclusions: Distinct injury patterns were observed in NFS and FS emphasizing the need for thorough forensic 
assessments. The findings underscore the importance of clinical vigilance and standardized documentation of 
injuries in suspected strangulation cases to support legal investigations and prevent future violence.

1. Introduction

Strangulation is defined as asphyxia caused by external pressure on 
the neck, resulting in the obstruction of airflow or blood circulation 
through the neck vessels. The subtypes of strangulation are classified 
according to the type of external compression that causes oxygen 
deprivation. Manual strangulation involves the use of hands or arms, 
while ligature strangulation refers to the use of a cord, rope, chain, or 
similar object. Hanging is a form of strangulation that occurs when a 
constricting band around the neck is tightened by the gravitational 
weight of the body [1].

Both fatal (FS) and non-fatal strangulation (NFS) are recognized as 
gendered forms of violence, most commonly perpetrated by a man to 
exert power and control over a female intimate partner [2]. The reported 

prevalence rates of NFS in intimate partner violence contexts range from 
27 % to 68 % [3,4], with its occurrence linked to a seven-fold increased 
risk of future lethal violence [3].

Strangulation is also a common method of homicide, particularly in 
cases of femicide [5,6]. In Sweden, asphyxia homicide – including 
strangulation – is the second most frequent method men use to kill 
women [7]. Women aged 15–25 are at twice the risk of strangulation 
compared to older women [8]. Additionally, strangulation is frequently 
linked to sexual assaults [9], sexually motivated homicides [10–12], and 
sadistic crimes [11]. There is also growing concern about the normali
zation of NFS as part of sexual practices among young adults, often 
referred to as “breath play,” “erotic choking”, or “sexual asphyxiation” 
[13].

Non-fatal strangulation (NFS) is a potentially life-threatening form of 
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violence that can have severe psychological, physical, and neurological 
consequences [4,14–17]. The level of severity outcome depends on the 
duration of oxygen deprivation to the brain. Symptoms may be acute, 
long-term, and/or develop over time. In a study of 300 women who 
survived NFS, Strack et al. found that nearly 85 % out of the victims 
reported immediate symptoms, including neck and throat pain, 
hoarseness, headaches, and changes or loss of voice [14]. 
Life-threatening or potentially permanent conditions may manifest 
acutely or with delay and include carotid artery dissection, seizures, 
stroke, brain injury and brain death [14,18]. For many women, stran
gulation is not an isolated incident. In a study by Wilbur and coworkers, 
each woman had experienced an average of 5.3 such assaults in her 
intimate relationship(s) [4]. Repeated strangulation is associated with a 
significantly increased rate of medical sequelae as well as a suspected 
risk of long term neurological effects, such as memory loss, early-onset 
dementia, and traumatic brain injury (TBI) [16,19,20]. Cognitive and 
psychiatric long term conditions include post traumatic stress (PTSD), 
depression and anxiety [4,15,16,19]. Furthermore, strangulation is 
often associated with other forms of violence, such as physical or sexual 
assault, which can lead to additional negative health consequences [4, 
21,22]. Visible external signs of strangulation may include petechiae, 
bruising, abrasions on the neck, or ligature marks [4,14,23]. However, a 
complicating factor in the prevention and investigation of strangulation 
incidents is that this type of violence often leaves little to no visible 
evidence but may still be potentially lethal [15,24,25]. In the previously 
mentioned study by Strack and coworkers, only around half of 
NFS-victims displayed external signs of injury, and only 15 % present 
with injuries noticeable enough to be photographed [14].

Furthermore, injuries may not become apparent until hours, days, or 
even months after the incident, even injuries which may be potentially 
life threatening, such as carotid artery dissection and stroke [18,23]. In 
other words, in the absence of visible injuries, victims may downplay the 
severity of the violence or hesitate to seek medical help. In a literature 
review by Patch and fellow researchers, it was found that 5–69 % of 
strangled women sought health care [26].

Healthcare professionals, in turn, may fail to recognize or investigate 
NFS in the absence of visible injuries, especially if the victim does not 
disclose strangulation. This lack of recognition is compounded by a lack 
of awareness of the clinical signs and dangers of strangulation among 
medical professionals [27]. Similarly, law enforcement may dismiss 
cases without clear signs of violence, leading to failures to prosecute 
serious crimes [28].

Successful prosecution and conviction of strangulation offenses 
depend heavily on evidence collected from the victim, the crime scene, 
witnesses and others. These evidence categories include: emergency call 
recordings, photographs, physical evidence, medical evaluation forms, 
and expert testimony [29]. Medical evidence that might contribute to 
effective prosecution includes a comprehensive documentation of in
juries, including high-quality photographs, detailed descriptions of the 
injuries, and specific questioning to identify symptoms associated with 
strangulation [28,30,31]. These can be used by a forensic medical doctor 
to issue a forensic medical certificate that includes an interpretation of 
the injuries [2], and to declare whether the violence was life-threatening 
or not, in accordance with national guidelines [32]. In a previous study, 
forensic medical evidence were found to lead to prosecution in 58 out of 
63 cases (92 %) [31]. The crime scene and the parties may also harbor 
trace evidence such as blood spatter, fingernail markings and skin cells 
from the offender on the neck of the victim [33–35].

In fatal strangulation cases, autopsy plays a crucial role in evidence 
collection, enabling a thorough examination and detection of injuries to 
the neck tissues [21,31]. Even when external injuries are absent, internal 
findings related to mechanical compression and cranial congestion may 
be present [36].

Over the past decade, multiple studies have highlighted the severity 
of strangulation, its connection to IPV, and its associated physical and 
psychological health consequences [19,37]. However, while research on 

injury patterns and forensic aspects of strangulation has made some 
progress, the systematic investigation of NFS and FS remains notably 
underdeveloped. Existing studies have predominantly relied on 
post-mortem data related to FS, leaving significant gaps in the under
standing of NFS [2,38]. Other key gaps include understanding the 
mechanisms of injury and distinguishing factors between fatal and 
non-fatal outcomes such as injury types and injury severity. Thus, this 
study aims to address these critical gaps by examining injury types, 
injury patterns and identifying factors that may influence outcomes in 
fatal and non-fatal strangulation. By providing a comprehensive un
derstanding of strangulation violence, this research seeks to aid in 
clinical diagnostics, treatment, and documentation, while also 
improving prevention strategies, forensic investigations and legal 
responses.

2. Materials and methods

2.1. Study design, selection of cases and data sources

The study is retrospective in nature and includes victims of non-fatal 
strangulation (NFS) who were subject to a clinical forensic report issued 
by the National Board of Forensic Medicine in Sweden, and victims of 
fatal strangulation (FS) autopsied by the same institution. Due to an 
uneven prevalence of NFS versus FS, the study periods differed: the year 
of 2022 for the NFS-population and cases of fatal strangulation covered 
the study period between 2003–01–01 and 2022–12–31.

Ethical approvals were granted by the Swedish Ethical Review Au
thority (No 2023–05130–01, 2024–02393–02 and 2024–05436–02).

2.2. Non-fatal strangulation (NFS)

Cases of non-fatal strangulation were retrieved by free text searching 
clinical forensic reports for relevant expressions for strangulation. The 
overall analysis included cases where the forensic medical certificate 
was based on the forensic pathologist’s direct examination of the victim, 
as well as those relying on external sources such as patient records, 
photos, police reports, or victim-provided documentation (Table 1). 
However, since certificates based on external sources often lack 
comprehensive injury documentation for strangulation (e.g., it is un
clear if the presence of petechiae was assessed), only cases involving 
direct examination by a forensic pathologist were included in the injury 
analysis.

2.3. Fatal strangulation (FS)

Fatal cases of strangulation were identified by using a primary code 
of diagnosis defined as “Assault by hanging or strangulation” (E963), 
according to the International Classification of Disease, version 9 (ICD- 
9). Cases with primary cause of death being “hanging or strangulation” 
and manner of death homicide as assessed by the forensic pathologist, 
were included (n = 323). Cases where asphyxia was caused by other 
mechanisms, i.e. suffocation due to external covering of the air ways 
(choking, smothering), internal obstruction of the airways by a foreign 
object, compression of the thorax, or drowning, were excluded.

Table 1 
Basis for clinical forensic medicine report in non-fatal strangulation.

Basis for certificate Total 617 
(100 %)

Males 99 
(16 %)

Females 518 
(84 %)

Forensic medical 
examination

149 (24 %) 16 (16 %) 133 (26 %)

Patient records 395 (64 %) 80 (81 %) 314 (61 %)
Photos taken by police 390 (63 %) 61 (62 %) 328 (63 %)
Photos taken by hospital 

staff/ care giver
195 (32 %) 31 (31 %) 164 (32 %)

Photos taken by victim 117 (19 %) 17 (17 %) 100 (19 %)
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For each FS-case, autopsy reports, police reports and photographs 
were reviewed. In addition, court judgments were retrieved from the 
digital database JUNO which contains Swedish laws, regulations and 
judgments.

For both groups (NFS and FS), demographic information (year of 
incident, victim sex, victim age, offender sex) as well as contextual data 
(offender-victim relation, crime scene location, motive), information 
related to strangulation characteristics (type of strangulation, type of 
ligature) and sustained injuries (internal, external) was compiled. Some 
additional information specific to each group (FS and NFS) was collected 
for both groups.

2.4. Statistical/data analysis

Demographic data for both groups were summarized using descrip
tive statistics in Microsoft Excel 2019. Categorical variables were 
analyzed using Chi-square Test and Fisher’s Exact Test to assess asso
ciations between groups. All statistical analyses were conducted using 
IBM SPSS software, version 26.

3. Results

The NFS group included 617 cases, with a median age of 31.0 years 
(mean age 32.8 years, range 4–96 years) and a sex distribution of 16 % 
male and 84 % female. The FS group comprised 139 cases, with a me
dian age of 40.5 years (mean age 40.4 years, range 0–89 years) and a sex 
distribution of 35 % male and 65 % female.

3.1. Incidence of non-fatal and fatal strangulation violence in Sweden

In 2022, 4895 clinical forensic reports were issued by the Swedish 
National Board of Forensic Medicine as part of criminal investigations, 
of which 12.6 % (n = 617) concerned non-fatal strangulation (NFS). 
Over the 20-year study period of fatal strangulation (FS), 1968 homi
cidal autopsies were conducted, with strangulation identified as the 
primary cause of death in 139 cases (7 %).

The number of strangulation homicides remained stable over time, 
with females representing the majority of victims (66 %, n = 91), 
whereas other homicides fluctuated and showed an overall increase. The 
annual average of strangulation homicides was 6.95 cases, with a slight 

9 % increase in the second decade (65 versus 74 cases). In all but four 
cases (3 %), a perpetrator had been identified, and the case was 
considered resolved, either through police action or by legal proceedings 
(Fig. 1).

Fig. 2 illustrates the trends in strangulation homicides over time, 
stratified by gender, expressed per 100,000 inhabitants. While the rates 
for females show greater variability, particularly in earlier years, male 
trends indicate a slight increase and female a slight decline over the 
studied period. Linear regression analysis reveals however that the slope 
for males (slope = 0.0005, p = 0.356, R² = 0.048) and females (slope =
− 0.0006, p = 0.535, R² = 0.022) are not statistically significant, sug
gesting no clear temporal pattern for either group. When combining data 
for both genders, the overall slope (-0.0001, p = 0.942, R² = 0.001) 
remains non-significant, reinforcing the conclusion of minimal or no 
discernible change in strangulation homicide rates over time (Fig. 2).

3.2. Victim and offender demography

The age and sex distribution of non-fatal strangulation (NFS) victims 
showed a clear gender disparity, with females significantly out
numbering males across all age groups, altogether comprising 84 % of 
the cases (n = 518). The highest incidence occurred in young adulthood, 
peaking in the 20–34 age range with 51 % of the cases (n = 315). Among 
children (0–14 years), cases were rare but more evenly distributed be
tween the sexes. In older age groups (50 + years), NFS cases declined, 
though women remained the majority. Fig. 3.

Strangulation homicides (FS) exhibited a distinct age and sex 
pattern, with female victims overwhelmingly outnumbering males 
across most age groups (65 % female in strangulation homicides vs 25 % 
in all other homicides). This trend was particularly pronounced in young 
adulthood, where women aged 20–29 accounted for the highest number 
of cases (81 %, n = 73). In contrast, male strangulation victims were 
relatively rare, with only small clusters across various age groups. The 
number of strangulation homicides decreased with age, but female 
victims remained prevalent even in older populations, and the highest 
number of strangulation homicides were found around 50 years of age. 
Among children (0–14 years) however, a different pattern emerged: 
boys were more frequently victims of strangulation homicides than girls.

When comparing strangulation homicides to all other homicides, 
males accounted for 72 % of the victims and predominated across nearly 

Fig. 1. Strangulation homicides (n = 139) compared to all other homicides (n = 1968) over time (2003–2022), highlighting stability in strangulation cases and 
variability in other homicides.
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all age groups. Female homicide victims in other forms of homicide were 
fewer and more evenly distributed across age groups, Fig. 4.

Among the offenders, there was clear gender skewness with a pre
ponderance of males, both in the NFS-group (males 97 %, females 3 %) 
and in the FS-group (males 86 %, females 14 %). In 5 % (n = 7) of the 
homicide cases, more than one perpetrator was involved in the crime, 
which resulted in a higher number of offenders compared to cases. In 
four cases the offender sex was not known.

Male offenders of FS most commonly victimized female victims and 
included 82 cases (59 %). Among FS-cases involving female offenders 
(n = 20), 15 victims were male, while the rest were female on female 
events. In four of these cases, a female acted as a co-offender together 
with a male. Female offenders more often killed a family member 
(n = 10) or an acquaintance (n = 5) than a partner or ex-partner (n = 4).

3.3. Offender-victim relationship

The most common relationship between offender and victim was 
partner or ex-partner, 67 % (n = 413) of NFS and 43 % (n = 60) of FS 

cases. Female victims in both groups were most often assaulted by male 
partners or ex-partners (78 % and 59 %, respectively), while male vic
tims were more often subjected to NFS (7 %) and FS (19 %) by an ac
quaintance, which was also the second most common relationship 
between offender and victim in both groups (16 % for NFS and 29 % for 
FS). Stranger offending constituted 11 homicide-cases (8 %). Additional 
61 victims had been subjected to NFS by a stranger evenly distributed 
among male and female victims. When looking exclusively at victims 
below 18 years of age it was revealed that children subjected to NFS 
(n = 48) were most often victimized by an acquaintance (44 %) fol
lowed by a stranger (23 %) and a parent (17 %). Child victims of FS were 
predominantly killed by their parents (78 %, n = 7) (Table 2).

3.4. Contextual factors

Contextually, intimate partner violence (i.e., all cases where stran
gulation was inflicted by a partner or former partner, regardless of other 
possible motives) accounted for 67 % (n = 412) of non-fatal cases and 
42 % (n = 59) of fatal cases. Family violence, including offenses 

Fig. 2. Strangulation homicide rates over time per 100,000 inhabitants.

Fig. 3.. Age and sex distribution in victims of non fatal strangulation.
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committed by siblings, offsprings, or other family members, accounted 
for 6 % (n = 35) of NFS cases and 14 % (n = 20) of FS cases.

Rape was the primary motive in 6 % of the FS cases and 8 % of the 
NFS cases. In addition, 12 % of the intimate partner violence cases 
occurred in a sexual context—for example, unwanted strangulation 
during consensual sex. Altogether, 8 % of FS and 17 % of NFS cases 
occurred in some kind of sexual context.

Alcohol induced brawls were more common in altercations leading 
to fatal strangulation compared to non-fatal cases (8 %, n = 11 vs 1 %, 
n = 8). Less common motives included financial disputes and personal 
conflicts. Nine cases, all of which were FS (6 %) and linked to either 

intimate partner violence (n = 4) or family violence (n = 5), were fol
lowed by the offender committing suicide.

An analysis of offender gender in relation to context revealed that 
male offenders were predominantly involved in intimate partner 
violence (NFS 68 %, FS 37 %), with most cases involving female victims 
(99 % and 90 % respectively). Among the 20 female offenders in FS 
cases, the most common motive was family violence (35 %), followed by 
intimate partner violence (20 %) and homicide-suicide (15 %) (Table 2).

Fig. 5a and b illustrate motives for non-fatal and fatal strangulation, 
categorized by victims’ age groups and sex. In non-fatal cases (Fig. 5a), 
intimate partner violence dominated as the motive across all age groups, 
particularly among females aged 20–39 years. For males, personal 
conflicts and financial-related crimes (e.g., robbery) were more promi
nent motives.

In fatal cases (Fig. 5b), intimate partner violence remained a pre
dominant motive for female victims, especially those aged 20–29 years. 
Among male victims, personal conflict and family-related motives were 
more prevalent. Notably, rape as a motive was observed exclusively 
among female victims, predominantly in younger age groups (15–29 
years). Among the youngest victims of fatal strangulation (aged 0–14 
years), family-related violence was the most common motive (Fig. 5a 
and b).

3.5. Crime scene locations

Crime scene data was collected only for fatal strangulations where 
the vast majority (79 %, n = 110) occurred in the victim’s home, with 
females more likely to be killed at home (86 %) compared to males 
(67 %). Public areas and wooded areas were less common locations, 
accounting for 6 % and 7 % of cases, respectively, with a slightly higher 
proportion of male victims in these settings. Fatal strangulations in 
health care facilities were rare and exclusively involved male victims 
(8 %) (Table 3).

3.6. Methods of strangulation

In non-fatal cases, manual strangulation overwhelmingly dominated 
(96 %, n = 592), while ligature and mixed methods were rare (3 % and 
1 %, respectively). In fatal cases, manual strangulation was the most 

Fig. 4. Age and sex distribution in strangulation homicides (right) compared to 
all other homicides (left).

Table 2 
Relationships between offenders and victims, offender sex, motives, and contextual characteristics in non-fatal and fatal strangulation cases.

Fatal strangulation Non fatal strangulation

Total Total 139 
(100 %)

Males Males 48 
(35 %)

Females Females 91 
(65 %)

Total Total 617 
(100 %)

Males Males 99 
(16 %)

Females 518 (84 
%)

Relationship offender to victim
Partner or expartner 60 43 % 6 13 % 54 59 % 412 67 % 6 6 % 406 78 %
Parent 10 7 % 7 15 % 3 3 % 13 2 % 6 6 % 7 1 %
Offspring, grandchild 10 7 % 0 0 % 10 11 % 13 2 % 5 5 % 8 2 %
Sibling 2 1 % 2 4 % 0 0 % 9 1 % 3 3 % 6 1 %
Acquaintance 42 30 % 27 56 % 14 15 % 101 16 % 46 46 % 55 11 %
Stranger 11 8 % 6 13 % 5 5 % 61 10 % 31 31 % 30 6 %
Unknown 4 3 % 0 0 % 4 4 % 8 1 % 2 2 % 6 1 %
​
Offender sex
Male 119 86 % 37 77 % 82 90 % 599 97 % 91 92 % 508 98 %
Female 20 14 % 15 31 % 5 5 % 16 3 % 6 6 % 10 2 %
Unknown 4 3 % 0 0 % 4 4 % 2 0 % 2 2 % 0 0 %
​
Context
Intimate partner violence 59 42 % 6 13 % 53 58 % 412 67 % 6 6 % 406 78 %
Family violence 25 18 % 11 23 % 14 15 % 35 6 % 14 14 % 21 4 %

Whereof homicide- suicide 9 6 % 3 6 % 6 7 % - -
Rape 8 6 % 0 0 % 8 9 % 52 8 % 1 1 % 51 10 %
Financial gain, robbery 6 4 % 2 4 % 4 4 % 26 4 % 19 19 % 7 1 %
Personal conflict 13 9 % 11 23 % 2 2 % 32 5 % 21 21 % 11 2 %
Alcohol induced brawl 11 8 % 11 23 % 0 0 % 8 1 % 4 4 % 4 1 %
Other/unknown 17 12 % 7 15 % 10 11 % 52 8 % 34 34 % 18 3 %

A. Jinghede Sundwall et al.                                                                                                                                                                                                                   Forensic Science International 377 (2025) 112614 

5 



common method (51 %, n = 71), followed by ligature strangulation 
(39 %), and a combination of both manual and ligature strangulation, 
classified as “mixed” (3 %). An analysis of strangulation methods in 
relation to the perpetrator’s gender showed that women more often used 
ligature strangulation than manual strangulation (50 % vs. 40 %). In 
three cases where women were the perpetrators of manual strangula
tion, a male co-offender was present. Among the 119 male perpetrators 
of fatal strangulation, 55 % strangled their victim manually, while 36 % 
used a ligature.

In cases of ligature homicidal strangulation (n = 57), the most 
commonly used items were textile objects (28 %), such as scarves or 
fabric belts, followed by electrical cords and cables (21 %). In 29 of these 
57 fatal ligature cases, the ligature was still attached to the body when 
discovered.

3.7. External and internal injuries and findings, non-fatal strangulation

The analysis of injuries in NFS victims was conducted exclusively on 
those examined by a forensic medical doctor (n = 149). External injuries 
were generally less severe than i FS cases, with contusions and abrasions 
on the neck being the most common injuries (65 %). Only 4 % exhibited 
petechial hemorrhages. Five NFS-victims (3 %) displayed both pete
chiae and contusions/abrasions.

No internal injuries were found among the NFS victims examined by 
a forensic medical doctor, and 52 individuals (35 %) showed no visible 
injuries or findings at all (Table 4). However, it should be noted that out 
of the total 617 victims of NFS, 10 who had been evaluated in a hospital 
setting exhibited internal injuries in the neck region, such as fractures, 
swelling, hemorrhages in soft tissues, or stroke.

3.8. External and internal injuries and findings, fatal strangulation

Due to postmortem decomposition or deliberate actions by the 
offender, 28 FS-cases could not be fully assessed. However, at least one 
external or internal autopsy finding was present in all but four in
dividuals (97 %). Petechial hemorrhages were the most common trait, 
observed in 91 % of the assessable victims, primarily in the conjunctivae 
(80 %).

Statistical analyses did not reveal a significant association between 
the presence of petechiae and the type of strangulation method. Manual 
strangulation was associated with a high prevalence of external injuries, 
such as contusions/abrasions to the neck (76 %) and petechial hemor
rhages (89 %). In 47 % of FS-victims, both petechial hemorrhages and 
contusions/abrasions were detected. Of these victims, 68 % had been 
subjected to manual strangulation, 18 % to ligature strangulation and 
3 % by a mixed mode. 36 FS-victims (26 %) presented both petechiae, 
contusions/abrasions and fractures with manual strangulation as the 
most common mode (67 %). Ligature strangulation similarly resulted in 
frequent petechial hemorrhages (94 %) but also had a notable preva
lence of ligature marks (90 %) while contusions/abrasion to the neck 
were less prevalent (25 %) compared to manual strangulation.

Hemorrhages in subcutaneous tissue and muscles of the neck were 
detected in 78 % of FS-victims and were almost as common in manual as 
in ligature strangulation. Tongue hemorrhages were observed in 25 % of 
strangulation victims, occurring more frequently in ligature strangula
tion cases (33 %) than in manual strangulation (20 %). Congestion of 
the head was seen in 42 % of 111 cases where it was possible to evaluate 
(Table 4).

Over half (52 %) of all strangulation homicide victims exhibited 
fractures in the larynx, most commonly of the thyroid cartilage (42 %), 
followed by the hyoid bone (23 %). Fractures were slightly more com
mon among manually strangled victims (54 %) compared to those 
strangled with a ligature (48 %). The age range among those with 
fractures was 17–87 years, compared to 1–84 years among those without 
fractures. Fractures were absent in victims aged 0–14 years but 
increased with age, peaking at 71 % in the 40 years and above age 
groups (Fig. 6).

3.9. Blood alcohol concentrations

Of the FS victims 15 years and above of age (n = 126), 41 individuals 

Fig. 5. a and 5b. Motives for non-fatal (a) and fatal (b) strangulation by victims’ age groups and sex. F= female, M= male.

Table 3 
Crime scene locations by gender among victims of fatal strangulation.

Crime scene location Total (139) 
100 %

Males (48) 
35 %

Females (91) 
65 %

Home 110 79 % 32 67 % 78 86 %
Health care facility 4 3 % 4 8 % 0 0 %
Public area 8 6 % 4 8 % 4 4 %
Wooded area 10 7 % 5 10 % 4 4 %
Other 6 4 % 3 6 % 3 3 %
Unknown 1 0 % 0 0 % 1 1 %
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Table 4 
External and internal injuries, their locations, and methods of strangulation in fatal and non fatal cases, highlighting injury patterns by strangulation method.

Fatal strangulation Non fatal strangulation

Total Manual Ligature Mixed Unknown Total Manual Ligature Mixed

Total 139 100 % 71 51 % 54 39 % 3 2 % 11 8 % 149 100 % 142 95 % 4 3 % 3 2 %
​
External injuries
Petechial hemorrhages 116/128 91 % 58/65 89 % 45/48 94 % 3/3 100 % 10/11 91 % 6 4 % 5 4 % 1 25 % 0 0 %

Conjunctivae 103/128 80 % 53/65 82 % 39/49 80 % 3/3 100 % 8/11 73 % 3 2 % 2 1 % 1 25 % 0 0 %
Skin, eyelids 33/124 27 % 18/65 28 % 12/45 27 % 0/3 0 % 3/11 27 % 1 0 % 0 0 % 1 0 % 0 0 %
Skin, face 73/124 59 % 39/65 60 % 30/45 67 % 1/3 33 % 3/11 27 % 4 3 % 3 2 % 1 25 % 0 0 %
Skin, behind ears 14/124 11 % 7/65 11 % 5/45 11 % 0/3 0 % 2/11 18 % 0 0 % 0 0 % 0 0 % 0 0 %
Oral mucosa 55/127 43 % 28/65 43 % 21/48 44 % 3/3 100 % 3/11 27 % 0 0 % 0 0 % 0 0 % 0 0 %
Skin, neck 26/124 21 % 10/65 15 % 12/45 27 % 0/3 0 % 4/11 36 % 0 0 % 0 0 % 0 0 % 0 0 %

Congestion of head 47/111 42 % 25/59 42 % 17/39 44 % 1/3 33 % 4/10 36 % 0 0 % 0 0 % 0 0 % 0 0 %
Contusions, abrasions neck 73/129 57 % 51/67 76 % 12/48 25 % 2/3 67 % 8/11 73 % 97 65 % 92 65 % 3 0 % 2 67 %
Ligature marks - - - - 47/52 90 % 1/3 33 % 0/11 0 % 0 0 % - ​ 2 50 % 2 60 %
Tongue hemorrhage 32/127 25 % 13/65 20 % 16/48 33 % 0/3 0 % 3/11 27 % 0 0 % 0 0 % 0 0 % 0 0 %
​
Internal injuries of the neck
Fractures total 72/139 52 % 38/71 54 % 26/54 48 % 1/3 33 % 7/11 64 % - - - - - - - -

Hyoid 32/139 23 % 16/71 23 % 11/54 20 % 1/3 33 % 4/11 36 % - - - - - - - -
Thyroid cartilage 60/139 43 % 32/71 45 % 22/54 41 % 0/3 0 % 6/11 55 % - - - - - - - -
Cricoid 6/139 4 % 6/71 8 % 0/54 0 % 0/3 0 % 0/11 0 % - - - - - - - -

Muscle/subcutis hemorrhage 108/139 78 % 57/71 80 % 42/54 78 % 2/3 67 % 7/11 64 % - - - - - - - -
​
No injuries or findings 4/139 3 % 2/71 3 % 2/54 4 % 0/3 0 % 0/11 0 % 52 35 % 50 35 % 1 25 % 1 33 %
No internal 11/139 8 % 4/139 3 % 6/139 4 % 1/3 33 % 0/11 0 % - ​ - ​ - ​ ​ ​
No external 10/139 7 % 7/71 10 % 3/54 6 % 0/3 0 % 0/11 0 % 52 35 % 50 35 % 1 25 % 1 33 %
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(17 men and 24 women) had blood alcohol levels exceeding 0.2 g/L at 
the time of autopsy. Of these, 18 individuals (11 men and 7 women) 
exhibited blood alcohol levels over 2 g/L (Fig. 7).

4. Discussion

This study sheds light on the forensic and epidemiological charac
teristics of both non-fatal and fatal strangulation in Sweden, particularly 
in relation to gender, injury patterns, and context of violence.

4.1. Incidence, victim-offender demography and contextual findings

The study design provided a clear overview of the incidence of fatal 
strangulation and its trends over time. The proportion of strangulation 
homicides among all homicides during the study period was 7 %, which 
is relatively close to the reported figures from Finland (10 %) [21] but 

lower than Denmark 18 [39]. No clear explanation for this discrepancy 
has been identified, but it could be hypothesized that differences in 
methodological approaches or varying rates of IPV in these countries are 
contributing factors.

In this study, the most common case profile featured a female victim 
strangled manually in her own home by a partner or ex-partner, with 
intimate partner violence (IPV) as the predominant contextual factor. 
IPV accounted for 67 % of non-fatal cases and 42 % of fatal cases. These 
findings align with previous research that highlights strangulation as a 
gendered form of violence, strongly associated with IPV[3,4,14], 
commonly performed manually [21] in the victiḿs domestic environ
ment [22]. The high proportion of IPV as a motive and the established 
association between NFS and an increased risk of subsequent lethal 
violence, underscores the importance of forensic assessments as well as 
lethality risk assessments in IPV-cases, where strangulation should al
ways be considered [17].

Fig. 7. Fatal strangulation, presence of blood alcohol, g/L. Subjects > 15 years of age, n = 126.

Fig. 6. Fatal strangulation, presence of fractures on hyoid bone, thyroid cartilage or cricoid cartilage related to different age groups.
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When specifically analyzing female perpetrators of homicide by 
strangulation, we found that ligature strangulation was the most 
commonly used method, whereas men more often resorted to manual 
strangulation. This difference may be explained by variations in physical 
strength, as using a ligature requires less direct physical engagement, 
reducing the risk of resistance or injury to the perpetrator. Additionally, 
it may provide a tactical advantage for women, enabling them to exert 
lethal force with less reliance on upper body strength.

Given the growing debate and concern about strangulation becoming 
a normalized and increasingly common, yet dangerous practice in young 
people’s sexual behaviors [13,40,41], it was important to examine the 
prevalence of sexual motives in our study population. Cases where sex 
was the primary alleged motive (sexual assault) or part of the violence 
(e.g., consensual sex where the victim was subjected to non-consensual 
strangulation), were more common in non-fatal cases (17 %) compared 
to fatal cases (8 %). These numbers are higher than in previous studies. 
Wahlsten and Eriksson found a sexual motive in 5.5 % of all victims of 
asphyxia homicides in Finland where the substantial part of the victims 
(83 %) had died from strangulation [21]. Furthermore, strangulation is 
an acknowledged characteristic factor in Swedish male on female sexual 
homicides [12].

In a study by White in 2021 where 2206 adult victims of sexual as
sault was reviewed, 204 (9 %) had also experienced NFS and the highest 
percentage was found in the age group 21–25 years [9]. This correlates 
with our data where most victims of sexually motivated NFS occurred in 
the age span 20–29 years. Notably, in the present study we did not 
collect data on concurrent genital injuries or the detection of semen, 
which might have revealed cases not disclosed by the victim or evident 
from the circumstances leading to the police report. Moreover, it is a 
well-known fact that sexual violence is highly underreported [5].

Alcohol induced brawls as a contextual factor to altercations that led 
to strangulation was more prevalent in fatal strangulation cases than in 
non-fatal cases (8 % vs 1 %). When examining blood alcohol levels, 
which routinely had been assessed for FS-victims only, it was found that 
33 % of victims > 15 years had consumed alcohol close to the stran
gulation event. Of these, 18 exhibited blood alcohol levels over 2 g/l. 
This proportion is lower compared to a similar study that included all 
asphyxial homicides in Finland where the reported rate was 73 % [21]. 
There is a well confirmed link between alcohol and violence, with a 
reported annual frequency of alcohol attributed deaths of 248,000 [42]. 
Alcohol intoxication is an independent risk factor for homicidal stran
gulation and other forms of asphyxia, increasing the likelihood of res
piratory depression, aspiration, cardiac failure, and the overall risk of 
severe injury or death [43] In the context of strangulation, whether 
consensual or not, intoxication may exacerbate these risks by impairing 
the awareness of its lethality and reducing the victim’s ability to defend 
themselves, making them more vulnerable.

The levels of alcohol and drugs found in victims of homicidal 
strangulations and other asphyxial deaths are difficult to correlate with 
specific degrees of incapacitation. Nonetheless, intoxication remains a 
risk factor in homicidal strangulations. A study of 19 strangulation cases 
in Finland found that most offenders were under the influence of alcohol 
or drugs, with at least 11 victims also intoxicated [44]. In Johannesburg, 
33 % of male and 18 % of female FS-victims had blood alcohol levels 
above 0.5 g/L. This supports the notion that intoxication impairs judg
ment in offenders and heightens the vulnerability of victims, thereby 
influencing the dynamics of violent encounters like strangulation [45]. 
It also highlights the need for forensic and medical professionals to 
assess alcohol levels in suspected cases, as intoxication may affect both 
clinical presentation and risk assessment.

4.2. Injury patterns and forensic implications

It has been repeatedly reported that strangulation victims may show 
no objective evidence of strangulation, even if the violence has been 
fatal [25,36]. This lack of visible injuries in NFS and FS presents a 

significant challenge for clinical recognition and legal prosecution. In 
the present study, 65 % of the NFS-victims and 97 % of FS-victims 
exhibited external and/or internal findings compatible with strangula
tion. In a 10-year review of 102 NFS-cases, 85 % of the victims displayed 
external injuries to the neck [17]. Strack and coworkers found that 50 % 
of their 300 NFS victims had visible injuries of which only 15 % were 
judged as distinct enough to be documented and used in court [14]. 
Injuries resulting from fatal strangulation often resemble those seen in 
non-fatal cases [25]. However, studies directly comparing the injury 
patterns between these two forms of violence are extremely limited.

In the present study, a more detailed qualitative analysis, including 
photographic documentation, the thoroughness of examinations, or the 
specific questions asked regarding associated symptoms (e.g., breathing 
difficulties, hoarseness, memory loss etc), was not conducted. However, 
it is important to note that the assessment of injuries in NFS victims in 
this study was carried out by trained forensic medical doctors which 
may have contributed to a relatively high proportion of registered in
juries compared to the one performed by Strack where assessment was 
made from police and medical records. In fact, lack of training on the 
symptomology of strangulation has been proposed to be a factor that 
may contribute to strangulation being overlooked and under reported in 
the absence of visible injuries [14]. Key takeaway messages from these 
findings are that 1); the absence of physical injuries or symptoms does 
not rule out the occurrence of strangulation [17], not even in fatal cases 
[25], and 2); Strangulation events that leave minimal external signs, 
such as slight redness on the neck or solely a verbal account, might be 
underestimated or underreported, highlighting the need for improved 
recognition and documentation of NFS [14].

Petechial hemorrhages, commonly associated with strangulation, are 
non-specific in nature and can occur as a result of various forms of 
asphyxia or natural causes. On the other hand do their absence not rule 
out the possibility of strangulation [46]. Hence, a potential pitfall from a 
forensic medical perspective, is that cases with petechiae may be more 
readily classified as strangulation deaths, while those with subtle in
juries and no petechiae are assigned a different or unknown cause of 
death. In our study, petechial hemorrhages were observed in 91 % of FS 
cases, slightly more often in ligature strangulation indicating, as stated 
previously, that petechiae is a diagnostic indicator in fatal strangulation 
cases when present [36]. The occurrence of petechiae in homicidal 
strangulation cases in our study was notably higher than in the study by 
Wahlsten and Eriksson [21], where only 65 % of 318 victims exhibited 
petechiae, but closely aligned with the findings reported by DiMaio 
(2000), who observed petechiae in 86 % of ligature strangulation cases 
and 89 % of manual strangulation victims [47]. The difference 
compared to the findings of Wahlsten and Eriksson [21] may, at least in 
part, be explained by differences in methodology. In our study, the 
percentage was calculated only for cases where a reliable assessment of 
petechiae was feasible - excluding individuals with advanced decom
position, severe burns, or other conditions that prevented proper 
evaluation.

Among NFS-victims, petechiae were significantly less common 
(4 %), suggesting that NFS is associated with shorter duration and 
reduced compressive force, conditions that often are insufficient to 
produce the intravascular pressure necessary for petechial formation.

Contusions and abrasions have repeatedly been reported as common 
injuries in strangulation victims [17,25]. In our sample, 65 % of our 
living victims of strangulation and 75 % of the FS-victims displayed 
contusions or abrasions. Even though contusions and abrasions of the 
skin are non-specific injuries that can result from various causes, in cases 
of strangulation, a forensic examination may provide crucial evidence of 
their nature. According to Gill et al. an abraded furrow or a linear 
contusion can suggest ligature strangulation, while vertically dispersed 
abrasions and contusions are more indicative of manual strangulation 
[36]. Contusions on the neck can also appear as finger pads marks where 
a thumbprint more often is visible than the whole grasp [25]. Addi
tionally, abrasions on the neck may be self-inflicted as victims attempt to 
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free themselves [36] and sometimes show up like fingernail impressions 
[25]. The proportion of cases with both petechiae and contusions 
differed significantly between the two methods of strangulation (manual 
and ligature), indicating that the type of strangulation method may in
fluence the likelihood of those injuries occurring. Out of the 71 victims 
(66 FS and 5 NFS) who displayed both petechiae and con
tusions/abrasions, 70 % had been strangled manually. Tongue hemor
rhages were observed in 25 % of the FS victims, which aligns with 
previous studies reporting an incidence ranging from 5 % to 37 % [48]. 
Bleedings of the tongue seemed to be somewhat more common in liga
ture strangulation than in manual, which is in accordance with previous 
studies [21].

Laryngohyoid fractures are commonly associated with strangulation 
and can serve as indicative evidence of fatal neck compression [49]. 
Although laryngohyoid fractures are primarily associated with fatal 
strangulation, fractures can sometimes be seen in NFS victims, including 
those subjected to consensual strangulation [45]. Among our FS-victims, 
fractures were present in 52 % of the fatal cases and were slightly more 
common in manual strangulation than in ligature, findings in accor
dance with Wahlström and Erikssons study [21]. However, they found 
that hyoid fractures were most common in cases of manual strangula
tion, followed by fractures of the thyroid horn, whereas we observed the 
opposite—thyroid fractures were nearly twice as common as hyoid 
fractures in cases of both manual strangulation and ligature strangula
tion. Fractures were more common among older victims, likely due to 
the decreased flexibility and resilience of older bone and cartilage 
structures, which make them more prone to fractures than those of 
younger individuals as suggested by others [50].

A limitation of this study is that the information regarding the 
occurrence of NFS is primarily based on the victim’s own account. It is 
possible that the absence of injuries, in some cases, may be due to the 
fact that strangulation did not actually occur. It is more likely however, 
that the absence is due to the application of less force in non-fatal cases, 
resulting in minimal visible trauma. Petechiae, for instance, were 
observed in only 4 % of NFS cases, and no internal injuries, such as 
fractures or muscle hemorrhages, were identified. Notably, as a sec
ondary finding, we observed that among the 617 NFS victims, 10 
exhibited internal injuries in the neck region, including fractures, 
swelling, hemorrhages in soft tissues, or stroke. These cases were eval
uated in a hospital setting and not by a forensic medical doctor. This 
suggests that a subset of victims with potentially serious internal injuries 
may not undergo specialized forensic assessment, emphasizing the need 
for integrated protocols between hospital care and forensic evaluations 
to ensure thorough documentation and support for legal investigations. 
Another possible explanation is that forensic medical doctors, unlike 
hospital physicians, lack access to internal airway examinations, 
limiting their ability to detect strangulation-related injuries.

This study highlights significant differences in injury patterns be
tween fatal and non-fatal strangulation, underscoring variations in 
severity and mechanism of injury. The substantially lower proportion of 
injuries among NFS cases compared to fatal strangulation (FS) reinforces 
the assumption that fatal neck violence involves greater force or pro
longed pressure on the structures of the neck. Petechiae, fractures and 
internal hemorrhages were almost exclusively observed in fatal cases, 
further supporting this distinction.

Although concurrent injuries were not the focus of this study, further 
research on associated trauma could enhance our understanding of 
injury mechanisms in strangulation cases and contribute to the identi
fication of a typical injury profile.

4.3. Preventive measures and legal implications

Strangulation is by its very nature life-threatening, with potential 
loss of consciousness within ten seconds of constant pressure [51], fol
lowed by irreversible brain death occurring within 4–5 min of sustained 
pressure [52]. Hence, the distinction between NFS and FS may lie in a 

matter of minutes, underscoring the lethality of this form of violence, 
even in the absence of visible injuries [14]. Given the high risk of 
repeated strangulation and its severe long-term consequences such as an 
increased morbidity, including neurological disorders, traumatic in
juries and psychological symptoms, urgent preventive measures are 
crucial. Furthermore, research on recurrent strangulation remains 
limited, and future studies should explore whether a dose-response 
relationship exists, as suggested by Smith et al. [15].

Considering the associated health risks and lethality, strangulation 
should be treated and prosecuted as a serious violent offense rather than 
a minor assault [3]. However, successful prosecution remains chal
lenging, particularly in the absence of visible injuries. This often results 
in reduced charges or even dismissal due to lack of evidence [53].

A comprehensive assessment of NFS-victims should include a 
detailed clinical examination, high-quality photographic documenta
tion, thorough written reporting, and adherence to standardized 
forensic protocols [30,54]. Key elements to document include external 
signs such as bruising, abrasions, petechiae, and ligature marks; internal 
findings such as voice changes, swallowing difficulties, or airway injury; 
and reported symptoms like dizziness, incontinence, or loss of con
sciousness [32,54]. When combined with a structured approach and 
close coordination between healthcare providers and forensic experts, 
such documentation greatly enhances the accuracy of victim identifi
cation and strengthens the evidentiary basis for prosecution in both NFS 
and FS cases [2]. Beyond legal considerations, early recognition and 
documentation are also critical for preventing escalation to more severe 
or fatal violence [3].

Due to the frequent absence of visible external injuries in non fatal 
strangulation victims, supplementary diagnostic tools are often neces
sary to detect internal trauma [49]. Proposed methods include chest 
radiography, fiberoptic laryngoscopy, and MRI of the neck, which have 
shown potential in detecting mucosal hemorrhages, edema, and internal 
airway trauma in cases of non-fatal strangulation (NFS) [32,54]. Ruder 
et al. found that while over 70 % of NFS patients had normal MRI 
findings, potentially serious injuries such as fractures of the 
hyoid-larynx complex and cerebral vascular injuries were detected in 
7 %, with MRI showing substantially higher sensitivity (80 %) than CT 
(30 %) [55]. Christe et al. similarly reported a diagnostic accuracy 
around 70 %, supporting the value of MRI in assessing injury severity in 
survivors [56]. Gascho et al. reviewed 195 NFS cases and concluded that 
MRI may aid in identifying soft tissue injuries – particularly in cases 
lacking visible trauma – though findings such as lymph node hemor
rhage require further validation [57]. In fatal cases, autopsy remains the 
gold standard, but postmortem CT and MRI can add diagnostic value. 
Gascho et al. found CT to be as or more sensitive than autopsy for 
skeletal injuries, while MRI was nearly as effective for detecting soft 
tissue hemorrhages [58]. Both modalities may also reveal gas accumu
lations missed at autopsy. Deininger et al. confirmed the utility of MRI 
for soft tissue injury and CT for detecting fractures in six cases of fatal 
strangulation, including one without external marks [59]. Together, 
these findings suggest that while MRI and CT each have distinct 
strengths, their combined use can enhance diagnostic accuracy in both 
clinical and forensic settings. However, broader international validation 
and standardized imaging protocols are still needed to clarify their roles 
and optimize medico-legal outcomes.

Alternate light sources (ALS) have shown promise in detecting sub
cutaneous injuries, such as bruising and petechial hemorrhages not 
visible under normal lighting. Although early results are encouraging, 
the specificity and diagnostic reliability of ALS in the forensic evaluation 
of strangulation still require further validation [60]. In fatal cases, au
topsy is considered the gold standard, but postmortem CT has also 
proven valuable, particularly for identifying strangulation-related frac
tures [49]. Further research is needed to refine these diagnostic tools 
and forensic protocols to enhance the identification of strangulation 
injuries and support more robust legal outcomes.
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5. Limitations of the study

The retrospective nature of this study limits causal inferences and is 
relies on the accuracy of recorded data. In addition, the lack of previous 
studies comparing injury patterns between NFS and FS limited the 
possibilities of comparing our results with others.

Data were obtained from various sources and had been compiled by 
two different individuals with varying levels of expertise regarding what 
signs and injuries to look for and how to document them. Consequently, 
the data exhibited varying levels of quality in terms of photographs and 
descriptions of injuries. Another limitation is that data on non-fatal 
strangulation were collected for only a single year. This restricts the 
ability to assess changes over time or to generalize across different time 
periods. However, the substantial number of cases included provides a 
robust basis for the current analysis.

Despite these limitations, the study has notable strengths that 
contribute to its validity and reliability. One of the key strengths is that 
all FS cases included in the study were examined by physicians 
specialized in forensic medicine. This ensures a high degree of consis
tency and expertise in the documentation and evaluation of these cases, 
which enhances the reliability of the findings related to FS. In contrast, 
the NFS cases were derived from highly heterogeneous data, with sub
stantial variation in the quality and comprehensiveness of the docu
mentation. This variability likely reflects differing levels of knowledge 
and awareness regarding NFS among those responsible for collecting 
and documenting the data. While this heterogeneity poses challenges for 
the study’s reliability and validity, it also highlights an important area 
for improvement in training and standardization in the recognition and 
documentation of NFS cases.

6. Conclusions

This study underscores the critical need for preventive measures, 
thorough forensic evaluations, and legal frameworks to address the se
vere consequences of strangulation. The distinct injury patterns 
observed between fatal and non-fatal cases emphasize the importance of 
recognizing the lethality of strangulation even when physical evidence is 
absent. By addressing these challenges through multidisciplinary 
collaboration, improved training, and standardized protocols, we can 
better identify, manage, and prosecute cases of strangulation-related 
violence, ultimately reducing the impact and burden of this dangerous 
form of violence.
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