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Abstract: 
Motorcycle- and moped crashes are prevalent in motorised societies and carry a significant risk of serious injury. Whereas helmet use 
has reduced the frequency and severity of head injuries, the association between helmet use and neck injury risk is less clear. In the 
present retrospective study, we examined the relationship between helmet use and various types of head and neck injuries resulting 
from fatal motorcycle and moped crashes during a 20-year period. Eighty-three cases were included of whom 56 were analysed in 
detail based on their confirmed use/non-use of helmet. Intracranial haemorrhage was the most common finding, followed by CNS 
disruption and skull fracture. There was a significantly lower prevalence of skull vault fractures and epidural haemorrhage in the 
helmeted cases. Injuries to the brainstem and cervical spine fracture/dislocation were more common in the helmeted cases, although 
this was likely a function of higher speeds among motorcycle riders rather than an effect of helmet use per se. Further investigation of 
these findings require additional detailed information regarding the nature and severity of the crash, as well as helmet use and type, in 
order to assess non-confounded associations with the anatomical distribution, type and severity of observed head and neck injuries. 
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Throughout the twenty-year period from 1998-2017 the number of 
people killed on motorcycles (MC) averaged 20 per year, and ranged from a 
high of 41 cases in 2008 to 11 cases in both 2012 and 2017 (Figure 1). In 1998, 
motorcyclists accounted for 4.2% of all traffic crash fatalities. However, despite 
the reduction of MC deaths and the total number of road traffic crash deaths in 
Denmark this proportion reached a high of 12.3% by 2016 (Figure 2).

The number of people killed on mopeds was relatively stable from 1998-
2004 at approximately 40 each year. Between 2005-2010 there was large 

INTRODUCTION

The number of traffic crash-related injuries has been declining in Denmark 
over the past several decades due to traffic safety initiatives, improved 
vehicles safety, and legislative actions 1. The same trend has been observed 
for fatal traffic crashes, as the number of annual fatalities has declined from 
approximately 1.200 in the early 1970’s to approximately 200 annually in 
recent years 2. 
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Figure 1: Motorcycle and moped fatalities in Denmark 1998-2017. A general decline in the number of people killed driving a motorcycle or moped was observed 
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fluctuation in the number of deaths from year to year, but since 2010 a stable 
average of approximately 12 moped rider deaths per year has been reached 
(Figure 1). Whilst accounting for 7.8% of all crash fatalities in 1998, and 12.5% 
in 2004, the proportion of deaths occurring on mopeds declined to 3.8% in 
2016, which was the lowest prevalence throughout the study period of 20 
years (Figure 2).

Serious head and neck injuries are common consequences of MC and 
moped crashes, irrespective of the use or non-use of a helmet 3. Although 
helmets have been shown to reduce the risk of head injuries for motorcyclists 
3;4, some researchers have theorised that there is an increased risk of injury at 
the craniocervical junction for helmet users 5;6. However, a Cochrane review 
from 2008 found no support for this hypothesis 3.

The use of helmet for MC and moped riders is mandated by law in 
Denmark, and the compliance is reportedly as high as 97%. In contrast with 
this high rate of helmet usage among all riders, approximately one fifth of 
MC or moped riders who are severely injured or killed in a crash in Denmark 
are unhelmeted 2. While it is intuitive that there is a higher prevalence of 
helmet non-use among the most severely injured riders, at the present, no 
detailed information of the effects of helmet use and non-use in fatal MC 

and moped crashes in Denmark exist. In the present study we set out to 
examine the pathological findings and other factors in a group of MC and 
moped riders who died in a traffic crash, and to analyse differences between 
helmeted and unhelmeted riders.

EXPERIMENTAL PROCEDURES 

Study data

This retrospective autopsy study included all cases of fatal traffic crashes 
involving a MC or moped, and which were autopsied at the Department of 
Forensic Medicine, Aarhus University, Denmark, in the period 1998-2017. 
The study population was identified by searching an internal database 
containing all autopsies performed at the department. The database search 
was based on the following specific criteria; years 1998-2017, manner of 
death classified as accident, activity during trauma included driving a MC 
or moped or being a passenger on a MC or moped. An additional search 
involving other relevant manners of death (i.e. natural, suicide and homicide) 
revealed no additional cases. A total of 89 cases were found which satisfied 
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Figure 2: Proportion of all road traffic crash deaths by mode of transportation 1998-2017. During the recent twenty-year study period from 1998 to 2017, a gene-
ral increase in the proportion of deaths on motorcycles could be observed, whereas a decline was observed for the moped drivers.
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the inclusion criteria, 6 of which were excluded for the following reasons 
(leaving 83): one was an unborn fetus, in two cases the cause of death was 
not related to the crash and in three cases there was too little information 
concerning the circumstances of the death. The autopsy and police reports 
from the included cases were reviewed and data regarding sex, age, cause of 
death, mechanism of trauma, type of vehicle, use of helmet and head- and 
neck injuries were retrieved. Type of vehicle was classified into MC (including 
motocross) or moped (including 30cc and 45cc mopeds, and three-wheeled 
disability mopeds). Information concerning injuries was retrieved by reading 
the full autopsy reports and including the specified diagnoses for each case. 
From 2008 onwards this included observations made from routine post-
mortem computed tomography (PMCT) scanning of the deceased, whereas 
PMCT was performed on a case-by-case basis only in the period from 1998-
2007. In cases of inadequate descriptions of the injuries, journalised sketch 
drawings were used to ensure correct classification. Similarly, documentation 
of helmet versus no helmet use was available from the police records or the 
autopsy report. If the use of helmet could not be determined confidently, 
it was scored as unknown use of helmet and the case was removed from 
the final statistical analysis. The observed injuries were categorised into main 
categories and their subgroups, e.g. skull fracture/skull base fracture, and 
intracranial haemorrhage/subdural hematoma. 

Abbreviated injury scale

In order to evaluate the aggregate severity of injuries in the head and neck, 
as they related to mortality risk, we relied on Abbreviated Injury Scale (AIS) 
definitions and severity ranking 7;8. This international standard for injury 
scaling is the foundation for several models of quantification of injury 
severity including among others the New Injury Severity Score (NISS) 9;10. 
A derivative of the NISS is the HNISS (Head –Neck Injury Severity Score), 
which has previously been used to investigate the mortality risk of head and 
cervical spine injuries 11. In order to calculate the HNISS, only the three most 
serious injuries in the head and cervical spine based on their AIS scores are 
included. The HNISS is the sum of the square of these three numbers. If at 
least one of these three figures is an AIS 6 then the HNISS is automatically 
assigned 75. A mean HNISS was calculated for each group of injuries for the 
subjects with known use/non-use of helmet (i.e. n=56).

Statistical analysis

Data were analysed for the correlation between the observed injuries and 
helmet use/non-use. Fisher’s exact test was used to test for differences 
between groups with few numbers. ANOVA was used for analysis of variance. 
The significance level was p < 0.05. All statistical analyses were performed 
using Stata© 13 (StataCorp LP, College Station, USA).

RESULTS

During 1998-2017, 468 people were killed in a MC/moped crash in the 
catchment area of the Department of Forensic Medicine, Aarhus University, 
Denmark 12. Eighty-nine (19%) of the decedents were referred for forensic 
autopsy (and met the inclusion criteria) and a total of 83 cases (93.2%) were 
included in this study. There were 77 male and 6 female subjects. Thirty-six 
(46.8%) of the males and 4 (66.7%) of the females used a helmet. In total, there 
were 40 subjects using a helmet (48.2% of all cases, 36 males/4 females, mean 
age 38.3 years), 16 subjects not using a helmet (19.3% of all cases, all males, 
mean age 41.8 years) and 27 subjects with unknown helmet use (32.5% of all 
cases, 25 males/2 females, mean age 44.3 years). Motorcyclists were more than 
twice as likely to have used a helmet compared to moped riders (p=0.001). 
Thirty-seven (37) cases involved a MC and 46 involved a moped. There were no 
significant differences between the riding position (driver versus passenger) 
or the crash opponent and helmet use. The most common riding position was 
driver (91.6%) and the most common crash opponent was a light motorised 
vehicle (e.g. passenger car) (45.8%), (Table 1).

The distribution of the main diagnoses found in all the victims autopsied 
in 1998-2017 (n=83) are summarised in Figure 3. Fractures of the skull 
were present in 37 cases (44.6%) and facial fractures in 16 cases (19.3%). 
Intracranial bleeding was the most common major diagnosis group, present 
in 52 cases (62.7%). Intracranial neuronal tissue damage was present in 43 
cases (51.8%) and cervical spine injuries were present in 29 cases (34.9%).

The detailed distribution of head and neck injuries according to helmet 
use (n=56) is presented in Table 2. This shows that fractures of the skull 
base and vault were more frequent in the non-helmeted group, with skull 
vault fractures being statistically significant (p=0.025). Facial fractures were 
also more frequent in the non-helmeted group, however not significantly 
different from the helmeted cases. Intracranial bleeding was the most 
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Figure 3: Distribution of major diagnosis groups (n=83). This figure illustrates the distribution of the most common groups of diagnoses observed among fatal 
moped and motorcycle deaths in the years 1998-2017.

VOLUME 26 - No 1 - 2020 - Page 1-7 - doi: 10.2478/sjfs-2019-0005



4 Copyright©  Holstad Grafisk, Oslo - Print: prografia, Oslo - ISSN 2353-0707

FORENSIC  SCIENCEScandinavian journal of Nordisk rettsmedisin

common major diagnosis group of all affecting 36/56 cases and was more 
frequent in the non-helmeted group, with the exception of subarachnoid and 
interventricular haemorrhage. Only epidural haemorrhage was significantly 
more common in the no helmet group (p=0.020). Intracranial neuronal tissue 
damage was present in 34/56 cases with no significant differences between 
subgroups of diagnoses. Although these injuries were generally more 
common in the no helmet group, cerebellar and brainstem injuries were 
more frequent among subjects using helmets. Furthermore, a subgroup 
of brainstem injuries included six cases of medulla oblongata rupture 
which was exclusively identified in the helmeted subject group (p=0.168). 
Cervical spine injury was present in 21/56 cases and all subgroups including 
dislocation, fracture, spinal cord injury and intramuscular haemorrhage were 
more common in the helmeted subjects, with dislocations only reaching a 
statistically significant difference (p=0.048). 

The distribution of fractures of the skull and face was examined in detail 
according to the involvement of specific bones and the correlation to helmet 
use. However, as the involvement of specific bones was not consistently 
noted in the forensic reports, their distribution could not be determined 
confidently. 

The calculated HNISS scores for each of the 56 subjects showed a mean 
score of 28.7 with a median of 22.0. There were no significant differences in 
the HNISS score between helmeted (mean 26.7) and unhelmeted subjects 
(mean 33.8) (p=0.381). The helmeted MC riders had a HNISS of 29.9 versus 
11.5 for the unhelmeted riders, whereas the helmeted moped riders had a 
NHISS of 21.3 versus 36.9 for the unhelmeted riders (none were statistically 
significant). The presence of a skull fracture, intracranial bleeding or 
intracranial neuronal tissue damage correlated significantly to an increased 
HNISS score, with the exception of intracerebral haemorrhage. In the 
cervical spine, only dislocation injuries showed a significant correlation to an 
increased HNISS score (Table 3).

DISCUSSION

This study reviewed 83 cases of fatal traffic crashes involving a motorcycle 
or moped during a 20 years period. The use of a helmet was significantly 
more common among motorcyclists compared to moped riders, although 
usage could be determined in only 56 of the 83 cases. In the helmeted group 
cervical spine dislocation was significantly more common, whereas skull 
vault fractures and epidural haemorrhage was significantly more common 
in deceased not wearing a helmet. Intracranial bleeding was the most 
common diagnosis group of all, followed by intracranial neuronal tissue 
damage and fractures of the skull. Injuries to the head (e.g. skull fractures, 
facial fracture, intracranial bleeding or neuronal tissue damage) and cervical 
spine dislocations all correlated to an increase in the HNISS score. 

Head and face injuries

Injuries to the head were very common in our study. Based on the 
distribution of head- and neck injuries according to helmet use injuries were 
relatively more frequent in the no helmet group (Table 2). Auman et al. 13 
found that motorcyclists wearing helmets in fatal crashes were significantly 
less likely to suffer from traumatic brain injuries than motorcyclists not 
wearing helmets (OR 0.31; 95% CI= 0.14-0.68). Similarly, an autopsy study by 
Hitosugi et al. 14 on fatal motorcyclist and bicyclist crashes found skull vault 
fractures, subdural and intracranial hematomas to be significantly more 
common among non-helmeted riders. The Cochrane review of the role of 
helmets preventing injuries in motorcycle crashes by Liu et al. 3;3 estimated 
a reduced risk of head injury by 69% and death by 42%. Hence, our findings 
are consistent with the results of previous studies regarding a reduced 
incidence rate of head injuries in helmeted road users.

As expected, the subjects in our population suffered severe and 

Table 1: Study population characteristics (n=83)

Helmet (n=40) No helmet (n=16) p-value* Unknown (n=27) 

Sex 0.315 *

	 Male (77) 36 (46.8%) 16 (20.8%) 25 (32.5%)

	 Female (6) 4 (66.7%) 0 2 (33.3%)

Age (mean; range ; SD) 38.3; [15-77]; 15.1 41.8; [16-83]; 20.0 0.481** 44.3; [17-89]; 19.2

Vehicle 0.001 *

	 Motorcycle (MC) (37) 25 (67.6%) 2 (5.4%) 10 (27.0%)

	 Moped (46) 15 (32.6%) 14 (30.4%) 17 (37.0%)

Riding position 0.617 *

	 Driver (76) 37 (42.9%) 14 (18.4%) 25 (32.9%)

	 Passenger (7) 3 (42.9%) 2 (28.6%) 2 (28.6%)

Crash opponent 0.065 *

	 No opponent (14) 6 (42.9%) 3 (21.4%) 5 (35.7%)

	 Light motorized vehicle (38) 25 (65.8%) 4 (10.5%) 9 (23.7%)

	 Heavy motorized vehicle (18) 5 (27.8%) 5 (27.8%) 8 (44.4%)

	 Fixed object (10) 3 (30.0%) 3 (30.0%) 4 (40.0%)

Unknown (3) 1 (33.3%) 1 (33.3%) 1 (33.3%)

* Test for significant difference between the helmeted and non-helmeted group only, Fishers exact test

** ANOVA (analysis of variance)

VOLUME 26 - No 1 - 2020 - Page 1-7 - doi: 10.2478/sjfs-2019-0005



FORENSIC  SCIENCEScandinavian journal of Nordisk rettsmedisin

Copyright©  Holstad Grafisk, Oslo - Print: prografia, Oslo - ISSN 2353-0707 5

Table 2: Head and neck injuries according to helmet use (n=56)

Helmet (n=40) No helmet (n=16) p-value*

Skull fracture 16 (40.0%) 10 (62.5%) 0.149

	 Skull base fracture 16 (40.0%) 10 (62.5%) 0.149

	 Skull vault fracture 9 (22.5%) 9 (56.3%) 0.025

Facial fracture 9 (22.5%) 5 (31.3%) 0.511

Intracranial bleeding 23 (57.5%) 13 (81.3%) 0.127

	 Epidural haemorrhage 1 (2.5%) 4 (25.0%) 0.020

	 Subdural haemorrhage 8 (20.0%) 7 (43.8%) 0.097

	 Subarachnoidal haemorrhage 23 (57.5%) 8 (50.0%) 0.767

	 Intracerebral haemorrhage 6 (15.0%) 3 (18.8%) 0.705

	 Intracerebellar haemorrhage 2 (5.0%) 2 (12.5%) 0.570

	 Intraventricular haemorrhage 11 (27.5%) 3 (18.8%) 0.734

Intracranial neuronal tissue damage 23 (57.5%) 11 (68.8%) 0.550

	 Cerebral injury 16 (40.0%) 9 (56.3%) 0.374

	 Cerebellar injury 6 (15.5%) 2 (12.5%) 1.000

	 Brainstem injury 10 (25.0%) 2 (12.5%) 0.475

Cervical spine injury 18 (45.0%) 3 (18.8%) 0.770

	 Dislocation 9 (22.5%) 0 (0.0%) 0.048

	 Fracture 8 (20.0%) 1 (6.3%) 0.421

	 Spinal cord injury 3 (7.5%) 1 (6.3%) 1.000

	 Intramuscular haemorrhage 16 (40.0%) 2 (12.5%) 0.061

* Test for significant difference between the helmeted and non-helmeted group only, Fishers exact test

Table 3: HNISS scores by confirmed injuries (n=56)

Mean HNISS score

Injury present No injury p‐value*

Skull fracture 46,00 13,70 < 0,0001

	 Skull base fracture 46,00 13,70 < 0,0001

	 Skull vault fracture 49,67 18,76 < 0,0001

Facial fracture 44,43 23,45 < 0,05

	 Intracranial bleeding 39,25 9,70 < 0,0001

	 Epidural haemorrhage 53,80 26,24 < 0,05

	 Subdural haemorrhage 42,27 23,73 < 0,05

	 Subarachnoidal haemorrhage 41,19 13,20 < 0,0001

	 Intracerebral haemorrhage 39,33 26,66 0,201

	 Intracerebellar haemorrhage 57,25 26,50 < 0,05

	 Intraventricular haemorrhage 41,36 24,48 < 0,05

Intracranial neuronal tissue damage 44,03 5,00 < 0,0001

	 Cerebral injury 45,00 15,55 < 0,0001

	 Cerebellar injury 46,88 25,67 < 0,05

	 Brainstem injury 63,25 19,27 < 0,0001

Cervical spine injury 36,81 23,83 0,082

	 Dislocation 55,22 23,62 < 0,001

	 Fracture 43,56 25,85 0,072

	 Spinal cord injury 38,00 27,98 0,480

	 Intramuscular haemorrhage 34,17 26,11 0,302

* Analysis of variance, ANOVA
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widespread injuries. The subjects with brainstem injury collectively suffered 
the highest HNISS mean of 63.25 as this most often is attributed with an AIS 
6 score. Interestingly, a total of 18/56 subjects (32.1%) suffered only minor 
head and/or cervical spine injuries, which could be illustrated by their HNISS 
scores ranging from 0-6 (i.e. no single AIS score above 2). Their primary 
cause of death therefore had to be found elsewhere. Another 11/56 subjects 
(19.6%) reached a maximum score of 75 based on their head and/or cervical 
spine injuries.

Our more detailed examination of data showed that the use of helmet 
was significantly associated with a decreased incidence of skull vault 
fractures and epidural haemorrhage. This finding is in agreement with a 
recent observational study, which showed a 69% reduction in skull fractures, 
71% reduction in cerebral contusion, and 53% reduction in intracranial 
haemorrhage in helmeted motorcyclists 15. A study by Whyte et al. from 
2016 16 of helmeted motorcyclists in fatal crashes similarly showed a higher 
incidence of skull base fractures than vault fractures, similar to our findings 
(Table 2). Interestingly, they found inertial brain injuries (e.g. contusion 
and laceration of the brain and brainstem) to be common despite the 
use of a helmet. This finding is in agreement with our findings showing 
intracranial neuronal tissue damage and bleeding in more than 57% of all 
cases. Interestingly, we observed 12 cases of brainstem lesions, e.g. rupture 
or contusion, in which 10 (83%) had used a helmet. A subgroup of these 
brainstem injuries included six cases of medulla oblongata rupture which 
was observed exclusively in the helmeted subject group (p=0.168). This 
suggests, that the brainstem may be particularly vulnerable to excessive 
direct and indirect loading of the head-neck intersection whilst wearing a 
helmet during a crash. This is supported by engineering studies, as inertial 
trauma involving a rotational component has been shown to increase shear 
stresses around the brainstem increasing the risk of rupture, contusion and 
bleeding, irrespective of helmet use as this offers limited protection 16-19. 
Injuries to the face (fractures only) affected 20% of the 83 subjects, most often 
involving the nasal bone, maxilla and mandible. We observed no statistically 
significant differences between the helmet versus no helmet group. 
However, subjects suffering a facial fracture more often suffered substantial 
severe injuries as the HNISS was significantly higher in comparison to the 
subjects with no facial fractures (Table 3). 

Cervical spine injuries

Cervical spine injuries including fractures, dislocations and soft tissue 
bleeding, were all more frequent in the helmeted group. Fractures and 
dislocations of the cervical spine affected 15 of the victims (18%), with 
dislocations being significantly more common in the helmeted group 
(p=0.048). Furthermore, spinal cord injury was observed in four cases (three 
of whom used a helmet). These findings add to the discussion concerning 
potential risk of cervical spine injury associated with helmet use. Although 
some studies from the 1980’es have found helmet use to be associated with 
an increased risk of cervical spine injury 5;6, these have since been refuted in 
several investigations 3;20;21. The Cochrane review by Liu et al. 3 from 2008 found 
no significant association between helmet use and the risk of neck injury. 
More recently, Rice et al. 20 revisited the data from the Hurt Study 22 using 
“modern statistical methods”, thereby disputing the results by Goldstein on 
the same data from 1981 5. Actually, Rice et al. 20 reported a reduced risk of 
neck injury by 37% (p=0.044) in their analysis. Hence, the current scientific 

evidence is in overall favor of no added injury risk to the cervical spine due to 
helmet use. Therefore, we are cautious not to draw any firm conclusions from 
our data. Nonetheless, we do find these finding interesting and supportive 
of the need for further investigations into the potential risk from helmet use 
on subgroups of cervical spine injury following MC and moped crashes.

Injury prevention

Interestingly we found that helmet use differed between the groups on 
transportation, as helmet use was much more common among the MC 
riders, irrespective of the mandatory use according to the Danish law. A 
Danish survey in 2008 revealed an average helmet use rate of 95% among 
moped riders (mopeds with max. speed of 30 km/h) 23. The authors also 
found that females had a higher helmet use rate than males. A later survey 
from Denmark in 2009 found that 99% of motorcycle riders used a helmet 
24. In our study population, only 48.2% of all decedents were confirmed to 
have used a helmet. The difference between the rate of helmet non-use in 
our study of MC and moped riders who died in a traffic crash and the prior 
surveys of all riders is easily explained by bias resulting from the protective 
effect of helmets; non-helmet wearing riders who crash are substantially 
more likely to be killed than helmeted riders, all other factors (i.e. crash 
severity and type) being equal.  Of course, prevention of serious injury and 
death requires not only high/universal rates of helmet use, but also other 
predictive parameters such as behavioral issues, awareness and speed; 
factors largely dependent on rider training and education. 

Limitations

The primary limitations of our study were the lack of information regarding 
the circumstances of the crash (speed of impact and helmet use, in particular), 
selection bias resulting from the fact that fewer than one in five (19%) of MC 
or moped deaths in the catchment area were referred for autopsy (consistent 
with the rate of autopsy referral for all traffic crash deaths in Denmark) 25, 
and a lack of detailed information regarding the duration of post-crash 
survival of the decedents (potentially affecting the pathology observed 
on autopsy, e.g. the degree of post-injury haemorrhage). The fact that far 
more MC than moped-riding decedents were helmeted may serve as a 
reasonable alternative explanation for the pathological differences between 
the helmeted and unhelmeted decedents. Generally, motorcycles can attain 
higher speeds and a higher rate of acceleration than mopeds, and thus the 
use of a helmet may very well serve as a confounder for the energy of the 
crash, which may, in turn, affect the distribution, type, and severity of head 
and neck pathology. Another potential source of bias among the included 
cases stems from the fact that they were all referred by law enforcement 
for autopsy, and thus represent a potentially unique subgroup of the total 
number of MC and moped deaths.

The introduction of routine PMCT of all medicolegal autopsies in 2008 
may have influenced the results. Prior to 2008 only 4/33 cases (12.1%) (2 MC 
and 2 moped) underwent PMCT whereas all 23 cases from 2008-2017 (20 
MC and 3 moped) were examined with PMCT. Hence, a total of 22/27 MC 
riders (81.5%) and 5/29 moped riders (17.2%) were examined with PMCT. 
Although, a high agreement exist between PMCT and medicolegal autopsy 
in detecting head and neck injuries, the addition of PMCT findings to the 
medicolegal autopsy is likely to increase the number of injuries detected 26-
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28. For example, facial and cervical spine fractures as well as intraventricular 
haemorrhage is more likely to be identified on PMCT, whereas discrete 
fractures and bleeding is better visualised on autopsy 26-28. Therefore, as 
most MC riders were examined with PMCT in contrast to the moped riders 
it is possible that our results underestimate to true occurrence of injuries 
sustained in the moped group. Nonetheless, as the forensic autopsies prior to 
2008 were performed according to the highest standards, and in some cases 
involved conventional radiological evaluation (unreported percentage) we 
believe our results represent an accurate description of the injuries present 
in the decedents.

Our study described the distribution of head and neck injuries 
according to helmet use in MC and moped crashes with fatal outcomes in a 
select geographical region of Denmark. Although we would expect that our 
findings are generalisable to all of Denmark, this may not be the case with 
regard to other European countries or on different continents. 

In this retrospective autopsy study of eighty-three cases of people killed 
in motorcycle- and moped crashes we found, that the most common lesions 

in the head and neck were intracranial haemorrhage, intracranial neuronal 
tissue damage and fractures of the skull. Among the 56 cases examined in 
detail based on their confirmed helmet use or lack hereof, a significantly 
lower prevalence of skull vault fractures and epidural haemorrhage was 
observed in the helmeted cases. However, cervical spine dislocation and 
brainstem injury was significantly more common in the helmeted cases, 
possibly a result of higher travel and impact speeds among the helmeted MC 
riders versus the lower speeds among moped riders. Future practice should 
emphasise the clear documentation of helmet use of the deceased by the 
police on-scene, which should be communicated to the forensic pathologist 
during the autopsy. In addition detailed information regarding the nature 
and severity of the crash, as well as helmet type, will allow assessment of 
non-confounded associations with the anatomical distribution, type and 
severity of observed head and neck injuries. Medicolegal autopsy should be 
performed in all cases of road traffic crash related deaths in order to allow 
more precise description of causation and enable improved accident and 
injury prevention measures. 
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