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Abstract
Purpose In modern societies, motorcycle accidents have become a great problem for health systems worldwide. In Spain, 
the size and the power of the engine of 2-wheel vehicles determine the type of driving license and the age at which these 
vehicles can be used (mopeds and motorcycles, which at the same time can have a small or large engine capacity). The 
objective of the present study was to analyze and characterize low- and high-power motorcycle accidents in Spain, between 
2014 and 2020, both included and compared these categories with each other.
Methods Retrospective, descriptive, and observational study of motorcycle and moped accidents in Spain between 2014 
and 2020, both included.
Results The mortality of motorcycle accident riders in Spain is associated with males aged between 30 and 40 years old, with 
a high-power motorcycle, and an A or A1 driver’s license, who is 6.7 times more likely to die in crossings and highways than 
a moped, while wearing a helmet, and if not, this increases to 4.89 times. During the COVID-19 pandemic, an increase in 
death at 24 h after a high-power motorcycle accident was observed, as compared with a large reduction in the total medical 
assistance provided in 2019–2020.
Conclusions High-power motorcycles had higher scores in mortality and morbity rates than low-power ones, with a sig-
nificant increase in mortality during the pandemic, even though number of accidents and medical assistance provided were 
drastically reduced.

Keywords Motorcycle accidents · Mortality · COVID-19 · Medical assistance · Socioeconomic factors

Introduction

In the last few decades, due to the increasing number of 
motorcycles on roads, it is evident that traffic accidents in 
which a motorcycle is involved, it has become one of the 
greatest health problems in modern societies.

Worldwide, the recent changes in the type of economy, 
the increase in the price of fossil fuels, the modernization 
of societies, the difficulty in finding parking in large urban 
centers, and the established concept of an “eco” way of life, 
have defined motorcycles as less contaminating means of 
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transport, unseating passenger cars as a day-to-day use vehi-
cle, especially mopeds and low-power motorcycles.

Statistical studies [1, 2] have shown that this is not a 
trivial problem, as motorcycle accidents are the 8th leading 
cause of mortality worldwide, and the first if we focus on 
the 15–29 age range. At the worldwide level, the figures of 
the deceased are around 1.2 million individuals, and more 
than 50 million injured due to diverse causes associated with 
these accidents.

The World Health Organization (WHO) points out a 
disparity when comparing these figures in underdeveloped 
societies, as they are much higher there. If urgent plans and 
policies are not implemented, motorcycle accidents could 
even become the 5th leading cause of death due to traffic 
accidents by 2030.

Concerning motorcycle and moped users, it can be 
inferred, according to [3], the number of motorcycles has 
considerably increased, by 41% in the European Union. An 
Australian study [4] confirmed that between 2007 and 2012, 
the number of registered motorcycles increased by 33%, with 
this increase being 3 times higher when compared to auto-
mobile users.

Contrary to all the advantages described above, motor-
cycle users are also very vulnerable. Statistical analyses in 
Europe have shown that the risk of being injured or dying, 
due to riding a motorcycle, when traveling the same distance 
as a passenger car, is 18 times higher [1]. Other articles [3] 
indicate an increase of 15% in fatal motorcycle accidents.

In France, motorcycles comprise 1.5% of all the traffic on 
highways, but if we focus on more cosmopolitan areas, with 
other road users, the percentage is higher. The number of 
motorcycle users in large towns has increased abruptly, espe-
cially in areas near Paris and its surroundings. More specifi-
cally, it is estimated that in this decade, the city of Paris saw 
an increase of 64% in the number of motorcycles [5].

The data from the United States show an increasing num-
ber of motorcycles as well, from 4.26 million in 1990 to 6.69 
million in 2006, with motorcycle sales also increasing, from 
278,000 in 1992 to 1.1 million in 2007 [6].

In 1997, the Australian Federal Office of Road Safety 
published that the risk of suffering severe injuries, or even 
fatal ones when riding a motorcycle, was around 20 times 
higher than in passenger cars, for the same distance traveled, 
as compared to car drivers [7, 8].

North American studies, from the National Highway Traf-
fic Safety Administration, in 2007, estimated that the prob-
ability of dying from a motorcycle accident, when compared 
to a car, by mile traveled, was 34 times higher. Also, they 
indicated that the risk of suffering from lesions was 8 times 
higher as compared to other types of motor vehicles [9].

As for Spain, an increase has been found in the last few 
years, in agreement with the rest of the countries. The num-
bers have increased from 1,445,644 registered motorcycles 

in the year 2000, to a total of 2,891,204 in 2013, accord-
ing to the General Directorate of Traffic (Dirección Gen-
eral de Tráfico, DGT). This increase has been influenced by 
the entry into force of Royal Decree 1598/2004, July 2nd, 
which, following the text found in the 91/439/CEE Direc-
tive, modifies the General Guidelines for Drivers, allowing 
drivers with a B license for more than 3 years, to ride motor-
cycles allowed by the A1 driver’s license [10].

After the review of the studies consulted, the current situ-
ation of morbi-mortality associated with the use of motorcy-
cles is evident, for both leisure and utilitarian use. There are 
risk factors and prevalent injuries inherent to the collective. 
A descriptive study on accidents, as well as the possible 
correlations of these factors, could be a great tool that could 
be used by institutions associated with the prevention and 
protection of this sector of society.

The common imagination has pigeonholed high-power 
motorcycle users as being adult male, with a medium pur-
chasing power, who rides motorcycles irresponsibly, increas-
ing the risk of having an accident, resulting in death, or 
injuring others. Does this belief have an objective basis? In 
the present article, we will try to provide an answer to this 
question, by analyzing the profile of motorcycle accidents 
within a range of 7 years.

Materials and methods

Objectives

General objective

To analyze and characterize low-power and high-power 
motorcycle accidents in Spain between 2014 and 2020, both 
years included, and to compare these categories with each 
other.

Specific objectives

1. To determine and compare the sociodemographic char-
acteristics of low and high-power motorcycle riders in 
Spain between 2014 and 2020.

2. To determine and compare the more prevalent risk fac-
tors that intervened in low and high-power motorcycle 
accidents in Spain between 2014 and 2020.

3. To compare the severity of the low and high-power 
motorcycle accidents in Spain between 2014 and 2020, 
both years included, in relation to the variables vehicle, 
rider, and most prevalent accidents.

4. To analyze and compare the evolution of low- and high-
power motorcycle accidents.
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Population

This study is based on data obtained from the General Direc-
torate of Traffic in Spain, in the 2014–2020 period, from 
the entire Spanish territory, sent by the Statistical Service 
from the National Observatory of Road Safety. We requested 
the database from the Spanish Directorate General of Traf-
fic. Our request was submitted to the General Directorate of 
Traffic (DGT) on January 9th, 2022, through the Transpar-
ency Portal, under the provisions of Law 19/2013, dated 
December 9th, which pertains to transparency, access to 
public information, and good governance. The registration 
number for our request is 001-064346.

These data were collected by the agents in charge of traf-
fic control and management during the accident. The present 
work analyzed 7 traffic accident databases provided by the 
Spanish DGT. These 7 reports were merged into a database 
which ultimately contained 173,729 entries. For this work, 
the data was filtered by type of vehicle, leaving only motor-
cycles < 50 cc (low power), and > 125 cc (high power), with 
the resulting database having a total of 115,135 entries cor-
responding to accidents.

Research design

A cross-sectional, retrospective, exploratory, and descrip-
tive study of motorcycle and moped accidents that occurred 
in Spain during the 2014–2020 period, both years included 
[11].

Source of data

In 2014, Order INT/2223/2014, from October 27th, was 
updated, which regulates the communication of informa-
tion to the National Registry of Traffic Accident Victims.

The questionnaire, completed by the security forces who 
helped after the accident, was divided into three sections:

1. General data on the accident, such as date, time, type of 
accident, location, etc.

2. Data on the vehicles involved, such as the type of vehi-
cle, number of occupants, state of the vehicle, etc.

3. Data on the people involved, such as actions by the rider, 
violations, injuries, etc.

The questionnaire was reviewed to avoid omissions or 
mistakes during its completion; it was sent, within five 
days after the accident, to the designated Provincial Traffic 
Headquarters, according to the location of the accident. 
When it was sent, it was previously verified if there were 
injured individuals, and their state in the first twenty hours 
of the accident, to discover if a death had occurred within 
the first few hours after the accident, or if there were any 

minor or severe injuries. This is when health institutions 
become relevant, as they are responsible for providing data 
related to injuries or the state of the injured.

Once the health data were obtained, the report was cop-
ied and sent to competent bodies from the Spanish Gov-
ernment Ministry of Public Works and Transports. Then, 
within the first fifteen days of the accident, the data were 
entered into the Central Services of the General Directo-
rate of Traffic.

Data analysis

The seven databases of traffic accidents in Spain, corre-
sponding to the years between 2014 and 2020, were merged 
into a database, after which it was filtered according to 
the two types of vehicles of interest for the present work, 
lower-power motorcycles (< 50 cc), and high-power motor-
cycles (> 125 cc). The descriptive statistics are shown as 
mean ± standard deviation for the quantitative variables. The 
analysis of the accidents between the low and high-power 
motorcycles, and other parameters of interest, was per-
formed through logistic regression models, to obtain results, 
such as odds ratio (OR) and confidence interval (CI) at 95%. 
The death rates were calculated as the number of deaths per 
100 victims. All the analyses and figures were created with 
the R version 4.2.2 statistical software, with p value < 0.05 
utilized to determine statistical significance.

Results

Seven databases were utilized, each corresponding to a dif-
ferent year (2014–2020), with information relative to the rid-
ers, and a single database was created with 115,135 entries, 
after debugging the database. This database was used to 
analyze the information of the riders, as a function of the 
type of motorcycle used during the accident.

Statistical description of the riders

Age of the riders according to sex and type of motorcycle

In the low-power category, the mean age of the men was 
36.79 years old, with a standard deviation ± 16.82 years. The 
women had a mean age of 35.71 years old, with a stand-
ard deviation ± 13.55 years. The overall mean age (men 
and women) was 36.51 years old, with a standard devia-
tion ± 15.99 years. Table 1 shows the mean ages of the rid-
ers who suffered accidents, for both lower-power and high-
power motorcycles.
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Distribution according to age and frequency according 
to low or high‑power motorcycles

The age of the drivers who suffered an accident is shown 
grouped according to the type of motorcycle, age, and sex. 
The data are presented as mean ± standard deviation. Also, 
a histogram of the frequencies of the ages during the acci-
dent is shown, grouped according to the type of motorcycle 
(Fig. 1).

Use of helmet according to area and power of a motorcycle.

In the following figure, helmet use was analyzed depending 
on the power of the motorcycle and the different types of 
roads. The data are expressed as proportions. There was no 
data for the category low power and highways, as in Spain, 
it is illegal for these vehicles to use them (Fig. 2).

Helmet use as a function of the type of driver’s license 
and motorcycle power

The figure below visually shows helmet use according to 
the type of valid driver’s license during the accident and 
the type of motorcycle. As defined by the Dirección Gen-
eral de Tráfico, in Spain, the different types of licenses are 
class “A”, which allows driving any type of motorcycle and 
motor tricycle. To obtain the “A” license it is a require-
ment to be at least 20 years old and to have held the “A2” 
license for at least two years. The “A2” license allows driv-
ing motorcycles with a maximum power of 35 kW, and a 
minimum age of 18 years. The “A1” license allows driv-
ing motorcycles with a maximum power of 11 kW, with a 
minimum age of 16 years. Car drivers, who have a class 
“B” license and have had it for 3 years, may drive motorcy-
cles of category “A1”. It can be observed that there was a 
broad use of helmets by riders with an “A” driver’s license. 
For the type “A2” license, the same correct use concern-
ing the “A” category was observed. In the “A1” license, a 
clear decrease in the use of helmets was observed in low-
power motorcycles and a slight decrease in high-power 
ones. Lastly, for the riders with the “B” license, a clear 
decrease was observed in the use of helmets in both low-
power and high-power categories (Fig. 3).

Table 1  Mean age according to sex and type of motorcycle of drivers 
who suffered accidents, from 2014 to 2020

Sex Low power High power

Men 36.79 ± 16.81 41.72 ± 13.81
Women 35.71 ± 13.35 38.88 ± 12.34
Total 36.51 ± 15.99 41.24 ± 13.61

Fig. 1  Distribution of age and 
frequency according to low or 
high power
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Analysis of mortality of riders

Mortality rate according to sex

Table 2 below shows the accident rates according to the sex 
of the drivers and their membership to the low-power and 
high-power categories (see Table 2).

The women obtained an accident rate of 1.252 higher 
in high-power motorcycles as compared to low-power ones 

Fig. 2  Helmet use (yes/no) as 
a function of the power of the 
motorcycle, expressed as a 
proportion

Fig. 3  Helmet use as a func-
tion of the type of driver’s 
license and motorcycle power 
expressed as a proportion

Table 2  Death rate according to sex

Ratios OR 95% CI p

Women (high/low) 1.252 1.223 1.281 0.000
Men (high/low) 2.194 2.167 2.222 0.000
Odds ratio (men/women) 1.753 1.707 1.800 0.000
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(OR 1.252; 95% CI 1.22–1.28; p < 0.001). Meanwhile, men 
had an accident rate 2.194 times higher with high-power 
motorcycles than with low-power ones OR 2.194; 95% CI 
2.17–2.22; p < 0.001). When the variables men and women 
were compared, we obtained an accident rate 1.753 times 
higher for men with respect to women, which indicates that 
men had a 75.3% higher probability of being involved in an 
accident as compared to women, with high-power motorcy-
cles (OR 1.753; 95% CI 1.71–1.80; p < 0.001).

Death of riders within 24 h

The table below shows the proportions of death within the 
first 24 h (see Table 3).

The probability of not dying within the first 24 h after 
an accident while riding a high-power motorcycle con-
cerning a low-power one was 1.949 times more (OR 1.949; 
95% CI 1.923–1.975; p < 0.001). The probability of dying 
within the first 24 h from an accident while riding a high-
power motorcycle concerning a low-power one was 6.714 
times more (OR 6.714; 95% IC 5.529–8.154; p < 0.001). 
When the variables were adjusted, the probability of 
dying within the first 24 h from the accident while riding 

a high-power motorcycle was 3.5 times higher (OR 3.446; 
95% CI 2.836–4.186; p < 0.001).

Figure 4 more clearly shows these data as a proportion.

Index of lethality in 24 h according to sex, nationality, 
helmet use, and type of license

Next, the lethality indices were analyzed 24 h after the 
accident, focusing on if they belonged to the low-power 
or high-power categories (Table 4).

Table 3  Proportions of the deceased in the first 24 h

Proportions OR 95% CI p

No (high/low) 1.949 1.923 1.975 0.000
Yes (high/low) 6.714 5.529 8.154 0.000
Odds ratio (yes/no) 3.446 2.836 4.186 0.000

Fig. 4  Deaths in the first 24 h 
according to riders and motor-
cycle power as a proportion

Table 4  Index of lethality in 24 h according to sex, nationality, hel-
met use, and type of license

Low-power High-power

Men 0.44 1.37
Women 0.07 0.19
Spanish 0.43 1.2
Foreign 0.27 1.52
Helmet no 2.84 4.89
Helmet yes 0.46 1.95
License A1 0.14 1.3
License A 0.31 3
License B 0.25 0.76
License A2 0 2.45
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Index of lethality in 24 h according to the area 
of the accident

The following table shows the result of the lethality index 
in 24 h according to the type of motorcycle (low or high 
power), and if the accident took place in a road, crossing, 
street, or highway. For the category low power and high-
ways, this value is “0”, as mopeds are not allowed to use 
them (Table 5).

Analysis of the increase in mortality in high‑power 
motorcycles coinciding with the COVID‑19 pandemic

In the following section, an in-depth analysis is made of the 
data on the significant increase in mortality of high-power 
motorcycle riders who suffered an accident during the pan-
demic in Spain.

The same data are shown in Fig. 5 as a proportion, for 
death in 24 h and year.

The same data are shown in Fig. 6, as a proportion, for 
deaths in the first 30 days after the accident and year, with 

an increase observed in the number of deaths in accidents 
involving a high-power motorcycle.

Table 6 shows the number of deceased, who died in the 
first 24 h, and the total medical care provided per year.

Posteriorly, the type of assistance given to high-power 
motorcyclists was analyzed. The results are shown in fig-
ures, as they are more intuitive to understand, with the data 
expressed as a proportion (Fig. 7).

Discussion

Based on the data from the DGT analyzed, a pattern was 
observed of low-power and high-power motorcycle users, for 
accidents between the years 2014 and 2020, both included, 
in Spain. Likewise, the main risk factors present during the 
accident were found, as well as their significant influence 
on its occurrence.

The mean age of the high-power motorcycle rider was 
41.24 years old, while the mean age of the low-power motor-
cycle was 36.51 years old, which at first does not match 
with the scientific literature available, which indicates that 
younger and older individuals had a higher propensity for 
having a motorcycle accident [12–14]. In the specific case of 
high-power motorcycle riders, being younger was an impor-
tant and specific risk for having accidents [15–18].

The analysis of the distribution of frequencies based on 
age when using low- or high-power motorcycles showed a 
clear use of low-power motorcycles by the age group com-
prised of 14- to 19-year-olds. In the 19–24 age range, the 
preference for the use of low- or high-power motorcycles 

Table 5  Lethality indices in 24 h according to the area, of drivers

Area Low-power High-power

Road 1.62 2.62
Urban crossing 0.51 1.66
Street 0.18 0.43
Highway 0 4.76

Fig. 5  The ratio of deaths in 
the first 24 h, according to year 
and power, is expressed as a 
proportion
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was the same. And in the case of the 24–74 years old 
age range, the use of high-power motorcycles strongly 
increased. In the older age group, a clear decrease was 
observed in the use of high-power motorcycles, down 
to values that were similar between low and high-power 
motorcycles.

According to the sex of the riders, most were men 
(79.4%), in agreement with other studies [1, 19]. The prob-
ability of having an accident, being male, and with a high-
power motorcycle, compared to being a woman, was 2.194 
higher. This agrees with a Spanish study on moped accidents 
[1]. The probability of having an accident with a high-power 
motorcycle was greater for men as compared to a low-power 
motorcycle, 1.37 times as compared to 0.44 with a low-
power one. The probability of accidents with a high-power 
motorcycle was 1.754 times higher for men when comparing 
it to women. Being a woman obtained better overall results 
with respect to accidents.

There were practically no differences in accidents in the 
use of low or high-power motorcycles, with a death rate 
of only 0.19 times higher for high-power motorcycles, in 
agreement with other literature consulted [20, 21]. However, 
other studies were not in agreement, as they indicated that 
women were more likely to have accidents, with more severe 
injuries, and higher death rates [21, 22].

Table 4 and Fig. 5 show the rates and proportions of death 
at 24 h. The results for the high-power motorcycles as com-
pared to low-power ones are striking, as the probability of 
dying from an accident with a high-power motorcycle is 
6.7 times higher. The odds ratio for the probability of dying 
or not, in the first 24 h after an accident with a high-power 
motorcycle, was 3.446 times higher.

The use of helmets depending on the type of road results 
showed that the low-power motorcycle riders tended to 
not use helmets in crossings and roads. The high-power 
motorcycle riders tended to use helmets when circulat-
ing on fast roads, such as urban crossings, freeways, and 
highways. The probability of dying due to not wearing 
a helmet during the accident was 4.89 times higher than 
when using it. The low-power motorcycles did not obtain a 
score for highways, as motorcycles smaller than 125 cc are 
not allowed to circulate in them. When analyzing helmet 
use according to the type of license, it was observed that 
those with a “B” driver’s license (both types), for both 
low and high-power motorcycles, used helmets the least, 
while those with driving licenses specific for motorcy-
cles, “A” and “A2”, obtained the best helmet use results. 
This indicates that those who had a motorcycle-specific 
license had a better understanding of the risk of their use 
and the possible injuries they could suffer from. Thus, 

Fig. 6  The ratio of deaths in the 
first 30 days after the accident 
and year, is expressed as a 
proportion

Table 6  Total number of accidents, deaths in 24 h, and medical care 
provided from the total motorcycle riders who suffered an accident, 
per year

Year Accidents Deaths in 24 h Care provided

2014 6894 86 4478
2015 7933 103 5007
2016 11,239 113 7562
2017 10,902 140 6901
2018 11,987 126 7546
2019 8855 130 5590
2020 6599 110 4279
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the implementation of the use of high-power motorcycles 
without specific licenses must be carefully studied due to 
the risk it could imply for the safety of the users.

Although the highest number of accidents occurred in 
urban areas, it must be underlined that the data obtained in 
the present study showed that the injuries were less severe, 
and the probability of dying in the first 24 h of the accident 
in urban areas was lower. These rates strongly increase 
when focusing on interurban areas. The probability dou-
bles when riding a high-power motorcycle as compared 
to a low-powered one. And it quadruples when compar-
ing high-power motorcycles and low-powered ones on 
highways, up to 4.76 times. This agrees with other studies 
consulted, both European [23–26], as well as from other 
continents [27, 28]. Several studies have corroborated that 
implementing additional lanes, augmenting lane width, or 
enhancing pavement conditions may yield advantageous 
outcomes in terms of safety [29, 30]. The high index of 
injuries obtained on highways leads us to think about the 
possibility that these pavement suitability factors could 
incite motorcycle riders to increase their level of risk and 
aggressiveness when riding, as pointed out in other stud-
ies [31, 32].

When analyzing the type of license, contradicting results 
were observed. Just as the discussion above on the use of 
helmets, as the scale of the licenses increased, from B to 
the highest A, the use of helmets also increased, perhaps 
indicating that the rider’s awareness of passive protection 
increased. When analyzing the death rates after 24 h, worse 
data were observed for A and A1 licenses, with death rates 
3 and 2.45 higher in high-power motorcycles, for 0.31 and 0 
rates of these licenses and low-power motorcycles.

To conclude, a striking result from the study will be dis-
cussed: the increased death rates in 24 h during the corona-
virus (SARS-CoV-2) pandemic.

As shown in Fig. 5, the death rates in 24 h for high-power 
motorcycle accidents were about 1.3 times between 2014 
and 2018. Posteriorly, a significant increase was observed 
in the death rate at 24 h with high-power motorcycles, with 
the proportions increasing 2.0 times higher in the years that 
coincided with the pandemic (2019–2020).

In the categories of low-power motorcycles, this increas-
ing trend in the death rate at 24 h was not observed, even 
decreasing or staying the same. These data could be con-
sidered normal, as during the pandemic, the exposure of 
motorcycle riders to accidents should have been less due to 
the confinement and the reduction in nonessential travel that 
took place in society.

In our study, it was found that during the years clos-
est to the pandemic (2016–2018), the number of medical 
assistance provided to low- and high-power motorcycles 
was around 7300, with a mean of 126 deaths in 24 h. When 
focusing on the pandemic (2019–2020), as expected, given 
the reduction in social interactions, the mandatory confine-
ment of society, and the decrease in on-essential travel, the 
mean of medical assistance to motorcycle riders who had an 
accident decreased to around 4900. When comparing these 
years with those described previously, there were 2400 fewer 
medical assistance events during the pandemic. In addition, 
when analyzing the number of deaths in 24 h during the 
pandemic, a mean of about 120 deaths in 24 h was observed.

As we can observe, the number of deceased during the 
COVID-19 period was similar to those before the pandemic, 
although the medical care provided to motorcycle riders who 

Fig. 7  Type of more critical 
care, in high-powered motorcy-
cles, per year and expressed as a 
proportion
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had had an accident decreased, due to the social health con-
ditions imposed by the government. We asked ourselves why 
the number of deaths in 24 h was not reduced, considering 
the drastic decrease in medical assistance, as there was no 
evidence that the risk factors and types of accidents had 
substantially changed enough to influence mortality at 24 h. 
Given that the accidents had the same pattern as the previ-
ous years, and the physical medium in which they occurred 
had not improved either, made us hypothesize if the medical 
assistance could have had an influence, in that having 2400 
fewer medical assistance events during the pandemic had 
not resulted in a decrease in mortality at 24 h, as compared 
to the pre-pandemic period (126–120).

The percentage of medical assistance events was analyzed 
separately for low-power motorcycles, without a signifi-
cant effect found, so we focused on analyzing high-power 
motorcycles with an admittance longer than 24 h, admit-
tance lower than or up to 24 h, and emergency care without 
a posterior admittance. A reduction in all types of medical 
assistance events in the database, as the overall data already 
indicated.

If we hypothesized that medical assistance during the 
pandemic influenced the non-reduction of mortality in 
24 h, with less medical assistance provided, we need data 
on intensive care (intensive care unit, ICU) that had provided 
medical assistance to these patients. It must be remembered 
that in 2019 and 2020, healthcare infrastructures, and espe-
cially Intensive Care Units (ICU) were subjected to great 
medical care pressures, with many of them having to dis-
criminate what patients could be admitted, with saturated 
floors and hospital emergencies overwhelmed. We contacted 
the Statistics Services of the DGT, to discuss this special 
case, although they responded that they did not have this 
type of data. This, our final analysis could not be conducted, 
although a new line of research was created to continue with 
this study and validate our hypothesis.

Conclusions

In both high-power motorcycle accidents, as well as low-
power motorcycle ones, the riders were predominantly male, 
between the ages of 30 and 40 years old. In the case of high-
power motorcycles, there is even a sharper decrease in their 
use by women.

The probability of dying from using a high-power motor-
cycle and being a male was 2.2 higher than due to the use of 
a low-power motorcycle. When comparing men and women 
and the use of high-power motorcycles, the death rate was 
1.753 higher for men.

According to the age group, a clear use of low-power 
motorcycles was found for ages between 14 and 19 years 
old. Posteriorly, the use of high-power motorcycles prevailed 

until the age of 74. As for those older than 74, the use of 
low- and high-power motorcycles was equal.

The use of helmets when using high-power motorcycles 
was double that of low-power motorcycles.

The use of helmets was lower in low-power motorcycles, 
and with individuals who did not have motorcycle-specific 
licenses (class B). Not using a helmet when riding a high-
power motorcycle doubled the probability of dying in the 
first 24 h as compared to not using it when riding a low-
power motorcycle. There was a propensity to not use a hel-
met when riding a low-power motorcycle through roads or 
urban crossings, as well as during leisure or entertainment 
use.

Most of the accidents that occurred in urban areas had 
a lower morbi-mortality rate than high-power motorcycle 
accidents on highways and freeways. The death rate was 
4 times higher on these types of roads when using a high-
power motorcycle.

There was a greater number of low-power motorcycle 
users with a type B license. The high-power motorcycles 
were associated with specific licenses.

Contrary to helmet use, we found increases in the rates 
of injuries with high-power motorcycles and type A and A1 
licenses, with rates 3 and 2.45 times higher, respectively.

The death rates within 24 h, for high-power motorcy-
cles, were around 1.3 times higher between 2014 and 2018. 
Afterward, a significant increase was observed in the death 
rate at 24 h for high-power motorcycles, reaching rates 2.0 
times higher in the years that coincided with the pandemic 
(2019–2020).

Lastly, it was found that the total number of deaths at 
24 h during the pandemic was similar to previous years, 
although the number of medical assistance had decreased 
significantly.

Limitations

One of the main limitations of this study is that the exact 
make and engine capacity of the motorcycles involved in 
accidents were not analyzed. This data was not collected in 
the database of the Directorate of Traffic.

It would be interesting to know the accident rate based on 
the exact engine capacity. However, the database does not 
provide precise classification according to engine capacity; 
instead, we have included all motorcycles over 125 cubic 
centimeters.

Another limitation is the lack of access to data on patients 
admitted to Intensive Care Units (ICUs) who were victims 
of motorcycle accidents during the analyzed period. Indi-
viduals who passed away in the ICU within the first 24 h 
were not recorded in the DGT database, as they were not 
considered casualties and were excluded from the statistics. 
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Having this information would have allowed us to obtain a 
more accurate understanding of the impact of accidents dur-
ing the pandemic period and their association with the type 
of healthcare they might have received.

Acknowledgements We are grateful to the Dirección General de Trá-
fico de España (DGT) for making this work possible by providing their 
database.

Funding Open Access funding provided thanks to the CRUE-CSIC 
agreement with Springer Nature. This research received no external 
funding.

Data availability The data used to support the findings of this study are 
available from the corresponding author upon request.

Declarations 

Conflict of interest The authors declare no conflict of interest.

Ethical approval The study was conducted in accordance with the 
Declaration of Helsinki and approved by the Ethics Committee of the 
Catholic University of Murcia (protocol code CE052009). Our request 
was entered on the General Directorate of Traffic (DGT) on January 
9, 2022, through the Transparency Portal, under de auspices of Law 
19/2013, from December 9th, on transparency, access to public infor-
mation, and good government, registration number 001-064346. Infor-
mation requested: (1) Traffic accidents with victims and at least one 
motorcycle or moped involved, in the period 2010–2020 inclusive. (2) 
Vehicles involved in traffic accidents with victims involving a motorcy-
cle or moped, in the period 2010–2020 inclusive. (3) Persons involved 
in traffic accidents with victims in which a motorcycle or moped was 
involved in the period 2010–2020 inclusive.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Hidalgo Fuentes S. Estudio descriptivo de la accidentalidad de 
motocicletas scooter en España (2006–2011). Valencia, España: 
Instituto Universitario de Investigacion en Tránsito y Seguri-
dad Vial; 2015. https:// core. ac. uk/ downl oad/ pdf/ 71052 502. pdf. 
Accessed 17 Mar 2022.

 2. Rifat SM, Tay R, De Barros A. Severity of motocycle crashes in 
Calgary. Accid Anal Prev. 2012;49:44–9.

 3. El V, Yannis G, Golias JC. Overview of critical risk factors in 
power-two-wheelers safety. Accid Anal Prev. 2012;49:12–22.

 4. Allen T, Newstead S, Lenné MG, McClure R, Hillard P, Sym-
mons M, et al. Contributing factors to motorcycle injury crashes 

in Victoria, Australia. Transport Res F Traffic Psychol Behav. 
2017;45:157–68.

 5. Maestracci M, Prochasson F, Geffroy A, Peccoud F. Powered two-
wheelers road accidents and their risk perception in dense urban 
áreas: case of Paris. Accid Anal Prev. 2012;49:114–23.

 6. French MT, Gumus G, Homer JF. Public policies and motorcycle 
safety. J Health Econ. 2009;28(4):831–8.

 7. Keall MD, Newstead S. Analysis of factors that increase motor-
cycle rider risk compared to car driver risk. Accid Anal Prev. 
2012;49:23–9.

 8. Des Champs, R. A European Agenda for Motorcycle Safety. A 
European Agenda for Motorcycle Safety; 2009. http:// www. fema- 
online. eu/ uploa ds/ docum ents/ safety/ EAMS2 009. pdf. Accessed 20 
Aug 2022.

 9. Lin MR, Kraus JF. A review of risk factors and patterns of motor-
cycle injuries. Accid Anal Prev. 2009;41(4):710–22.

 10. Boletín Oficial del Estado Español. Real Decreto 1598/2004, 
de 2 de julio, por el que se modifica el Reglamento General de 
Conductores, aprobado por el Real Decreto 772/1997, de 30 de 
mayo. BOE-A-2004-13415; 2004. https:// www. boe. es/ eli/ es/ rd/ 
2004/ 07/ 02/ 1598. Accessed 20 Jul 2022.

 11. Fontes S, García C, Quintanilla L, Rodríguez R, Rubio SE. Fun-
damentos de investigación en psicología. Madrid: UNED; 2019.

 12. Kim JK, Ulfarsson GF, Kim-Shankar VN. Driver-injury sever-
ity in single-vehicle crashes in California: a mixed logit analy-
sis of heterogeneity due to age and gender. Accid Anal Prev. 
2013;50:1073–81.

 13. Ridella SA, Rupp JD, Poland K. Age-related differences in 
AIS 3+ crash injury risk, types, causation and mechanisms. En 
IRCOBI conference. 2012.

 14. Newgard CD. Defining the “older” crash victim: The relation-
ship between age and serious injury in motor vehicle crashes. 
Accid Anal Prev. 2008;40(4):1498–505.

 15. Yeh TH, Chang HL. Age and contributing factors to unlicensed 
teen motorcycling. Saf Sci. 2009;47:125–30.

 16. Rutter DR, Quine L. Age and experience in motorcycling safety. 
Accid Anal Prev. 1996;28:15–21.

 17. Mullin B, Jackson R, Langley J, Norton R. Increasing age and 
experience: are both protective against motorcycle injury? A 
case-control study. Inj Prev. 2000;6(1):32–5.

 18. Ulleberg P. Motorcycle safety–a literature review and meta-
analysis. Norway: Institute of Transport Economics; 2003.

 19. Lin MR, Chang SH, Pai L, Keyl PM. A longitudinal study of 
risk factors for motorcycle crashes among junior college stu-
dents in Taiwan. Accid Anal Prev. 2003;35(2):243–52.

 20. Sospedra-Baeza MJ, Hidalgo-Fuentes S, Cuñado-Pérez L. Fac-
tores humanos asociados a los accidentes mortales de motocicle-
tas scooter en España. Ciencias Psicológicas. 2017;11(1):49–56.

 21. Ulfarsson GF, Mannering FL. Differences in male and female 
injury severities in sport-utility vehicle, minivan, pickup and 
passenger car accidents. Accid Anal Prev. 2004;36(2):135–47.

 22. Evans L, Gerrish P. Gender and age influence on fatality 
risk from the same physical impact determined using two-
car crashes. SAE Tech Paper. 2020. https:// doi. org/ 10. 4271/ 
2001- 01- 1174.

 23. Maids A. In-depth investigation of accidents involving powered 
two-wheelers. Final report 2.0. Brussels: Association of European 
Motorcycle Manufacturers (ACEM); 2004.

 24. Elliott MA, Baughan CJ, Broughton J, Chinn B, Grayson GB, 
Knowles J, Smith L, Simpson H. Motorcycle safety: a scoping 
study; 2003.

 25. Pai CW, Saleh W. An analysis of motorcyclist injury severity 
under various traffic control measures at three-legged junctions 
in the UK. Saf Sci. 2007;45(8):832–47.

http://creativecommons.org/licenses/by/4.0/
https://core.ac.uk/download/pdf/71052502.pdf
http://www.fema-online.eu/uploads/documents/safety/EAMS2009.pdf
http://www.fema-online.eu/uploads/documents/safety/EAMS2009.pdf
https://www.boe.es/eli/es/rd/2004/07/02/1598
https://www.boe.es/eli/es/rd/2004/07/02/1598
https://doi.org/10.4271/2001-01-1174
https://doi.org/10.4271/2001-01-1174


466 J. M. Díez-Navarro et al.

1 3

 26. Clarke DD, Ward P, Bartle C, Truman W. In-depth study of motor-
cycle accidents. London: School of Psychology. Department for 
Transport. University of Nottingham; 2004.

 27. Hurt HH, Ouellet JV, Thom D. Motorcycle accident cause fac-
tors and identification of countermeasures: appendix (Vol. 2). The 
Administration; 1981.

 28. Pearson R, Whittington B. Motorcycles and the road environment. 
In Insurance Commission of Western Australia Conference on 
Road Safety; 2001.

 29. Park ES, Carlson PJ, Porter RJ, Andersen CK. Safety effects of 
wider edge lines on rural, two-lane highways. Accid Anal Prev. 
2012;48:317–25.

 30. Noland RB, Oh L. The effect of infrastructure and demographic 
change on traffic-related fatalities and crashes: a case study of 
Illinois county-level data. Accid Anal Prev. 2004;36(4):525–32.

 31. Savolainen P, Mannering F. Probabilistic models of motorcyclists’ 
injury severities in single and multi-vehicle crashes. Accid Anal 
Prev. 2007;39(5):955–63.

 32. Noland RB. Traffic fatalities and injuries: the effect of 
changes in infrastructure and other trends. Accid Anal Prev. 
2003;35(4):599–611.


	High-power motorcycle accidents in Spain: a descriptive study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Objectives
	General objective
	Specific objectives

	Population
	Research design
	Source of data
	Data analysis

	Results
	Statistical description of the riders
	Age of the riders according to sex and type of motorcycle
	Distribution according to age and frequency according to low or high-power motorcycles
	Use of helmet according to area and power of a motorcycle.
	Helmet use as a function of the type of driver’s license and motorcycle power

	Analysis of mortality of riders
	Mortality rate according to sex
	Death of riders within 24 h
	Index of lethality in 24 h according to sex, nationality, helmet use, and type of license
	Index of lethality in 24 h according to the area of the accident

	Analysis of the increase in mortality in high-power motorcycles coinciding with the COVID-19 pandemic

	Discussion
	Conclusions
	Limitations
	Acknowledgements 
	References




