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A B S T R A C T 

Through a retrospective study, 328 bodies of deceased car drivers were examined (252 drivers and 76 

passengers seated in the front seat). Specifically, lesions of the cranial, thoracic and abdominal organs 

were examined. The purpose of the study is to ascertain whether it is possible to identify, through the 

organ lesion injury pattern, who was driving at the time of the traffic accident. Statistical analysis was 

used to detect injuries that could discriminate between the driver and front passenger. Among the 

drivers, lesions of the thoracic organs were more frequently observed, in accordance with the greater 

skeletal lesivity (specifically in the sternal), due to the impact with the steering wheel; even the injury 

of the abdominal organs has more frequently affected the driver than the front passenger. The 

encephalic lesion effected the driver and front passenger in a similar percentage of cases. As it was 

imaginable to think, the thoracic lesions were the most effective to differentiate the driver from the 

front passenger. Abdominal lesion also plays an important role in the study, having been observed in 

the driver with a doubled frequency compared to the front passenger. 

 

© EuroMediterranean Biomedical Journal  2019 

1. Introduction 

Mortality resulting from a traffic accident in the general population is in 

third place after cardiovascular and neoplastic diseases and ranked first in 

the population under the age of 35 in Italy. Road accidents are the most 

frequent cause of traumatic death [1-3]. Based on the most recent data 

published in 2015, 173,892 car accidents causing personal injuries  

occurred in 2015, resulting in 3,419 deaths (within 30 days from the 

accident) and 246,050 injured persons. The year 2015 was marked by a 

new increase in car accident victims in Italy and in the European Union 

(1.3% more than in 2014, but a marked decrease compared to 2011).  

For every million people,  52 road accident deaths occurred in 2015 in the 

EU28 and 56.3 in Italy, which is 14th in the European ranking, behind the 

United Kingdom, Spain, Germany and France [4, 5].  

 

Law number 41 of March 23, 2016, published in the Gazetta Ufficiale on 

March 24th and enforced the following day, introduced the road killing 

into the Italian legal system. This is nothing more than a particular case of 

manslaughter that occurs every time one of the behaviors specifically 

identified by art. 589 bis c. p., which are based on violations of certain 

regulations governing road traffic. The increase in punishment in the 

event of road killing has meant that the driver of the motor vehicle 

involved in an accident in which the death of the person transported 

(sitting in the front seat) has voluntarily replaced itself with the latter in 

order to to take responsibility for the event. From this derives the need to 

proceed to appropriate legal medical investigations to establish who at the 

time of the accident was really driving the motor vehicle. 

Hence the reason for the study: after observing in a previous work [6] the 

role of skeletal injury in determining the dynamics of the road accident, 
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the objective is to verify on a strictly medical-legal level if, also through 

the examination of the damage to the internal organs resulting from a car 

accident, there is the possibility of distinguishing the driver from the front 

passenger transported at the time of the accident. 

 

2. Material and methods 

328 corpses of subjects who died between 2000 and 2016 were examined 

following motor vehicle accidents, 252 drivers and 76 passengers seated 

in the front seat, which occurred in the territory of Rome and Rome’s 

province, assessing the dynamics of the road accident (frontal shock pole), 

right side, left side and rear, considering all cars were equipped with the 

same safety system (belts and air-bags).At the same time, on the statistical 

level, possible confounding factors (advanced age of the patient) that 

could have influenced the result were eliminated.  

The 328 corpses were subjected to necroscopic examination. The lesion of 

the internal organs of the driver and of the front passenger has been 

studied, reported at the level of the skull (intraparenchymal, subdural and 

subarachnoid lesions), of the thorax (aortic, cardiac and pulmonary 

lesions) and of the abdomen (hepatic, splenic lesions, renal, gastric, 

intestinal) in which the pelvis was also included, given the close 

anatomical correlation (bladder lesions). For the two distributions (driver-

passenger) classical statistical values were considered: 1) degrees of 

freedom, 2) average and 3) standard deviation, from which the following 

parameters were derived: Pearson’s Curtosis (to verify the overlap of the 

distributions with respect to the Gaussian), asymmetry of Fischer (to 

identify possible oscillations of asymmetry with respect to the Gaussian) 

and Covariance (to confirm the correlation between the two distributions). 

Asymmetries have slight fluctuations, always in agreement for both 

distributions. Data relating to the driver and to the transported person are 

homogeneous and always maintain the same tendencies of Curtosi and 

Asimmetria. The positive values of the Covariance show a correlated and 

concordant behavior for the two distributions. Finally, the T-Student and 

Chi square tests were performed to verify the validity of the statistical 

sample available. The T-Student, useful for the study of the homogeneity 

of the distributions, in the case in question has validity for values lower 

than 5%. 

This value is maintained in all the examined body areas, except for the 

thorax. This data can be attributed to the presence of the steering wheel. 

Chi square (similarity of distributions) confirms the results already 

obtained by T-Student (Table 1 and 2). 

 

 

 

Table 1.  Analysis of lesions of the thoracic organs pattern 

asymmetry. 

 

Table 2. General distribution of internal lesions in drivers and 

passengers. 

3. Results 

Overall, both the driver’s and the front passenger’s skull was affected by 

encephalic lesions in 32.9% of cases, chest in 25.6% of cases and 

abdomen in 41.4% of cases (Table 3). 

 

 

 

Table 3.  Number and types of internal injuries among drivers and 

passengers 

 

 

The driver’s brain was affected by injury in 82 cases out of the total 252; 

in particular, intraparenchymal encephalic lesions were observed in 18 

subjects (7%), subdural encephalic lesions in 22 subjects (9%) and 

subarachnoid encephalic lesions in 42 subjects (17%).The transported 

brain was affected in 26 cases out of the total 76: in 10 subjects 

intraparenchymal encephalic lesions (13%) have been identified, in 8 

subjects subaucal encephalic lesions (10%) and in as many as 8 subjects 

subarachnoid encephalic lesions (10%) ) (Table 4 and 5). Thoracic lesions 

involved 80 drivers and 4 carried. Aortic lesions were observed in 22 

drivers (9%) and 2 transported (3%), cardiac lesions in 28 drivers (11%) 

and in none transported (0%), right lung injuries in 20 drivers ( 8%) and in 

no way transported (0%) the left lung lesions in 10 drivers (4%) and 2 

transported (3%) (Table 4). 
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Table 4.  Distribuition of internal injuries in the different anatomical 

sites between drivers and passengers 

 

 

Lesions of the abdominal organs were observed in 116 drivers and 20 

previously transported. Lesions affected the liver in 56 drivers (22%) and 

10 transported (12%), the spleen in 34 drivers (13%) and 4 passengers 

(5%), the right kidney in 2 drivers (1%) and in no passengers, the left 

kidney in 4 drivers (1%) and in no passengers, the stomach in 6 drivers 

(2%) and in no passengers, the intestine in 8 drivers (3%) and in 2 

passengers (3 %) and, finally, the bladder in 6 drivers (2%) and 4 

passengers (5%) (Table 4). Thus, the driver’s brain was affected by 

lesions in 32.5% of cases, thorax in 31.7% of cases and abdomen in 46% 

of cases. In the anterior transport, in 34% of cases the brain was involved, 

in 5.2% of cases thorax and in 26.3% of cases abdomen (Table 3). 

The statistical processing of the data took into account the simultaneous 

presence in the examined bodies of several internal lesions within the 

same body district (eg simultaneous presence of aortic and cardiac lesions, 

etc.). Dynamics of the accident and then the shock pole were then taken 

into consideration; in the event of an incident with a frontal impact pole, 

the difference in the lesion of the thoracic and abdominal organs between 

the driver and the passenger becomes even more evident. 

 

4. Discussion 

The aim of this work, in the wake of the previous one carried out on the 

skeletal injury, is to establish whether it is possible to differentiate the 

driver from the front passenger in the event of a fatal motor accident [6-

12]. In fact, more and more often, especially in Italy with the introduction 

into the legal system of the road killing, the driver who survived the car 

crash claims to be transported in order to avoid criminal proceedings. 

Curtin et al. [13] observed a different injury between driver and 

passenger. In particular, the most frequent injuries in the drivers were the 

brain, fractures of the right femur, the posterior arch of the right ribs, the 

cranial base, the right humerus and the right shoulder, while in the front 

passengers were splenic lesions, fractures of the posterior and anterior 

arch of the left ribs, of the left shoulder and of the left femur. Based on 

these investigations, the authors provided a predictive model of 

differential diagnosis with an accuracy of 69.3%. From our study we can 

see that what is most important is the lesion of the thoracic organs and 

secondly the lesion of the abdominal organs. Statistical data confirm that 

the most valid character to differentiate the driver (31.7% of cases) from 

the front passenger (5.2% of cases) is precisely the lesion of the thoracic 

organs. 

The explanation of this phenomenon was motivated by the presence of the 

steering wheel [14], responsible for the increased skeletal lesion at the 

sternal level, and therefore by referring to the greater lesion of the thoracic 

organs. T-Student, useful for the study of the homogeneity of the 

distributions, has validity for values lower than 5%; in our case, the only 

parameter that exceeds said value refers to the thoracic district and can be 

explained on the basis of an intrinsic difference in the two categories of 

study, namely, the presence in the cockpit of the steering wheel that 

concerns only the driver’s side. The presence of the steering wheel makes 

the two distributions asymmetrical, and most probably explains the 

different lesions found at the level of the thorax. This difference assumes 

fundamental importance in the differential diagnosis between the driver 

and the transported (the higher the thoracic lesivity in the first). As for the 

other anatomical areas analyzed, greater lesion of the abdominal organs 

was observed in the driver compared to the front passenger (liver 22% in 

the driver vs. 12% of the front passenger, spleen 13% of the driver vs 5% 

of the front passenger). Instead, bladder lesions more frequently involved 

anterior transport (5%) than the driver (2%). The same has been observed 

in the skeletal lesion study, which shows a greater incidence of pelvic 

fractures in the anterior transport compared to the driver. 

 

5. Conclusions 

The present study shows that the examination of the lesion of internal 

organs in car accident cases is a useful tool for the identification of the 

driver and the front passenger, as well as for the study of skeletal injury.In 

particular, according to what was observed in the examination of the 

skeletal injury, the study establishes that the lesion of the thoracic organs 

is the most valid element to differentiate the driver from the front 

passenger. At the same time, the anterior passenger is more frequently 

subject to lesions of the abdominal organs, while the encephalic lesion 

presents a similar frequency. Finally, an increased incidence of bladder 

lesion compared to the driver was observed in the anterior transport, and 

always in accordance with what was observed for skeletal injury (pelvic 

fractures). 
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