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Introduction
Car accidents  (CAs) are considered as one of the 
leading causes of death worldwide.[1] The World Health 
Organization estimated that globally, 1.25 million deaths 
in 2013 were due to CAs, which means that every 25 s, a 
person dies from CAs.[1] CAs are not only a major cause of 
death worldwide but can also cause various ramifications on 
individuals, society, and economies. One example of those 
ramifications seen on a daily basis is injuries, including 
lacerations, fractures, and dislocations.[2] Fractures from 
CAs constitute up to a third of injuries with a high rate of 
morbidity.[2]

In Saudi Arabia, according to the statistics published by the 
Ministry of Interior‑General Directorate of Traffic, 518,785 
accidents occurred in 2015, an average of 1421 a day and 
59 an hour.[3] The cost of these accidents reached more than 
5 billion US dollars.[4] One of each five cases reported by 
the Saudi Red Crescent Authority is related to CAs.[4] For 
injuries, the average of the global percentage of injuries 

caused by CAs is estimated to be one injury from every eight 
cases, whereas locally, from every eight CAs, six resulted in 
injuries; that ratio is much higher than the global statistics.[4] 
In particular, Riyadh Province accounts for 28% of the total 
CAs in Saudi Arabia.[3] The proportion of the population in 
Riyadh accounts for 25% of the total population of Saudi 
Arabia.[3]

One of the chief causes of fractures is CAs. According to 
the American Academy of Orthopaedic Surgeons, CAs 
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can cause different types of fractures ranging from minor 
to major.[5] However, international information about the 
predominant sites of fractures from CAs is not specific 
to either fractures alone or fractured bones. In 2002, a 
study conducted in China found the most common fracture 
arranged as follows: the lower limbs, the upper limbs, the 
skull, and the maxillofacial regions, and the least fractured 
area was the spine.[6] Another study conducted in Barcelona 
in 2000 found that neck sprains constituted the highest type 
of injuries among car occupants. On the other hand, bruises 
of the lower extremities were found most in motorcycle 
drivers and pedestrians, and upper extremities fractures 
were the most common with cyclists.[7]

Local research articles regarding CA injuries are few, lack 
specificity about the subject matter, or are not localized in 
Riyadh Province. An example of such articles is a research 
that was published in 2015, which discussed road safety and 
CAs in Almadinah Almunawwarah but did not specifically look 
for CA fractures and their patterns.[8] Another study published 
in 2013 from Riyadh and analyzed the patterns and etiology 
of maxilla fractures, but like many other research articles, 
it only concentrated on one specific region of the body.[9] 
Moreover, a study that looked at the epidemiology of fractures 
and dislocations among urban communities[10] showed that 
41% of the injuries were due to road traffic and motorcycle 
accidents. This study, however, did not specify the type nor 
location of fracture among this 41%. There is a need for more 
research regarding the subject to be conducted in the capital 
of Saudi Arabia.[3]

Because of the poor local epidemiological data, the economic 
burden, the enormity of the outcome of CAs, and their effect 
on society, this study aimed to provide vital statistics about 
the most frequent sites of fractures in a tertiary hospital in 
Riyadh, Saudi Arabia. The significance of this research could 
help health‑care providers to formulate which sites of the 
body are more commonly fractured and give a comparison 
between males and females, different age groups, and the 
length of stay  (LOS). This study will hopefully aid many 
institutions, such as hospitals, the Riyadh Traffic Department, 
and car manufacturers, to improve their quality of safety 
measurements.

Subjects and Methods
The study was designed as a retrospective cross‑sectional 
study and conducted at the King Abdulaziz Medical City in 
Riyadh, Saudi Arabia. The data included all patients who were 
admitted to the inpatient departments from January 2011 to 
December 2015 with fractures from CAs, and it was exclusive 
to individuals aged 15  years and above. After getting the 
institutional review board (IRB) approval, the investigators 
pulled out the patient data from the King Abdulaziz Medical 
City in Riyadh. The investigators looked for bone fractures 
related to CAs, the LOS in the hospital, the age, and the gender 
of each individual. The study relied on the coding system of the 

hospital, which uses the International Statistical Classification 
of Diseases and Related Health Problems 10  (ICD‑10) for 
coding, for fractures and CAs. It gathered patients coded with 
both codes together in the duration of time determined and 
included them all in the study.

The data were analyzed using Microsoft Excel (2013) and IBM 
Statistical Package for Social Sciences version 25 (Armonk, 
NY, United States). Raw data were recoded into variables to 
answer the research questions, where the researchers assigned a 
separate variable for each fracture and body part. The analysis 
was done blindly, where codes were used for fractures and 
body parts, and then, these codes were transformed to their 
meanings in the final report.

The analysis report involved univariate and bivariate 
analyses. The univariate analysis included the frequencies 
and percentages of background characteristics of the study 
population (age distribution and gender composition) and 
fractures that the individuals had. The bivariate analysis 
included cross‑analysis of the most common fractures 
by gender and age groups. For bivariate analysis, the 
appropriate statistical method was used to evaluate the 
statistical significance of the differences between variables 
groups (Chi‑square test for categorical variables and 
analysis of variance for comparing means of multiple 
groups). The generated P  values were evaluated for 
statistical significance, where values <0.05 were considered 
statistically significant.

Results
A total of 1396 individuals (86% were male) who had fractures 
due to CAs were included in this study, with a total number of 
3202 fractures. The average number of fractures per person 
was 2.3. The median age of injured patients was 26 (20–37) 
years. The median length of hospital stay was 10  (5–23) 

Figure 1: The age group distribution of car accident patients included 
in the study
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days  [Figure  1]. The study found that the most common 
fractures resulting from CAs were fracture of the acetabulum 
(10%), malar and maxillary bones (9%), base of the skull (9%), 
shaft of femur (9%), and pubic bone (7%). Furthermore, the 
study found that there was a statistical difference in the mean 
age at which the patients get fractures depending on the bone, 
P < 0.0001 [Table 1].

In addition, when the body was divided depending on ICD‑10 
general classification, the results showed that the body regions 
most commonly fractured were as follows: skull (27%), lumbar 
vertebra with pelvis  (26.5%), thoracic cage  (24.5%), and 
shoulder and arm (21%), followed by leg “patella, tibia, and 
fibula” (18%) [Table 2].

Concerning gender, males were more predisposed to be 
fractured in these parts: acetabulum (11%), followed by the 
base of skull fracture (10%), the shaft of femur (9%), malar 
and maxillary bones (9%), and cervical spine (C7; 7%). 
Females were more prone to develop fractures in the following 
bones: pubic bone (10%), malar and maxillary bones (9%), 
acetabulum  (7%), and nasal bones  (7%) and to develop 
multiple rib fractures (6%), P < 0.001 [Table 3].

Discussion
This study found the most commonly fractured bones from 
CAs in patients who were admitted into the hospital and 
found differences between their baseline characteristics. The 
most important factor leading to these results is that admitted 
patients tend to sustain more severe fractures with other 
concomitant injuries; thus, they have a special pattern of 
fractures and have longer periods of stay in hospitals. Other 
factors that could contribute to the findings of this study are 
the mechanism of the accident, including the peculiar points 
in the car where the bones might reside, the speed at which the 
accident happened, the location of the injured patient (driver 
or passenger), and whether the seatbelt was fastened or 
not.[11,12] In addition, the structure of the car is considered 
a major determinant of injuries because of the differences 
in the distribution and severity of injuries between various 
types of cars.[13]

To compare the pattern of fractures with an older study, an 
article published in 1990 looking for the pattern of accidental 
fractures and dislocations in Saudi Arabia found that the most 
common fractures were radius and ulna followed by fractures 
of the hand bones, foot bones, tibia and fibula, humerus, 
clavicle, femur, ankle, spine, and pelvis, which differs greatly 
from our results.[14] This study assumes that the difference in 
outcomes could be for several reasons. For instance, this article 
discusses the sites of fracture that are found in patients who 
are admitted in the hospital from CAs specifically, whereas 
the other study’s inclusion criteria were of wider scope and 
included both patients initially treated at the emergency 
department and the admitted ones. It was also not specific to 
CAs but included bicycle, motorcycle, and pedestrian accidents 
as well. Furthermore, the cars that were used in 1986 and the 
cars that were used in the duration of the current study and their 
safety features are different, which could affect the outcome 
of fractured bones after a crash occurs.

In addition, a study of road traffic accidents  (RTAs) and 
fractures in Nigeria found that the most commonly fractured 
bone is the femur, followed by the tibiofibula, humerus, tibia, 
and then clavicle.[15] Moreover, another study conducted in 

Table 1: Most common fractures with mean age for each 
of them

Most common 
bone fractures

Mean age 
(years)

P

Acetabulum 32 <0.0001 (ANOVA test)
Malar and maxillary 
bones

27

Base of skull 24
Shaft of femur 27
Pubis 30
Nasal bones 28
Seventh cervical 
vertebra (C7)

33

Vault of skull 23
Clavicle 22
Multiple ribs 
fractures, unspecified

39

ANOVA: Analysis of variance

Table 2: Distribution of body regions got fractured and most common bone to be fractured within the region

Body regions Frequency I (%) 
(n = 1396)

Most common bone 
injured in each region

Frequency II (%)
(n = frequency I)

Skull 376 (27) Malar and maxillary bone 128 (34)
Cervical spine 190 (14) Cervical spine number 7 90 (47)
Thoracic cage 342 (24.5) Multiple ribs fractures 67 (20)
Lumbosacral spine with pelvis 370 (26.5) Acetabulum 145 (39)
Shoulder and upper arm 299 (21) Clavicle 74 (25)
Forearm 124 (9) Radius (lower end) 25 (20)
Hand 58 (4) Multiple metacarpal bones 11 (19)
Thigh (femur) 242 (17) Shaft of femur 121 (50)
Leg (patella, tibia, and fibula) 257 (18) Shaft of tibia with fracture 

of fibula
64 (25)

Foot 82 (6) Talus 32 (39)
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India about the patterns of fractures and dislocations from 
RTA concluded that the most common fracture is multiple 
fractures in which more than two sites are involved, followed 
by the tibiofibula, hand, radius and ulna, humerus, and then 
foot.[16] This variance could be attributed to the fact that the two 
countries, Nigeria and India, are heavily reliant on motorcycles 
and other two‑wheeled vehicles as modes of transportation, 
which are not commonly used in Saudi Arabia.[15‑17]

This study found that acetabular fractures are the most common 
type of fractures in admitted patients after CAs. This finding 
can be linked to the way that the accidents happened since this 
type of fracture is associated with high‑energy collisions.[18] 
This could reflect the reckless behaviors of the drivers and 
violation of traffic laws including speed limits.[8] In addition, 
it affects the same population as in the other studies, which 
shows that acetabular fractures are higher among males, with 
a similar mean age found in the studies by Maia et al. and 
Kumar et al., 33 and 39 years, respectively.[19,20] Furthermore, 
this kind of fracture is difficult to treat compared to other 
types (upper and lower limbs) because it is associated with a 
higher rate of complications and injuries to adjacent structures 
such as neurovascular bundles, bladder, ureter, and intestine.[21] 
Naturally, this can increase the LOS in the hospital if the 
injuries happen or increase the likelihood of admission to 
exclude those injuries, even if the problem is confined to 
the bone itself. In addition, acetabular fractures need to be 
observed in the hospital for a longer period of time, especially 
if they are accompanied by other nonacetabular fractures 
because of high morbidity and mortality rates and the need 
for postoperative care and rehabilitation.[22]

In the gender comparison of fractures from CAs, this study 
found that 86% of the fractured patients were male, whereas 
14% were female. This is contributed to the fact that females 
were not allowed to drive in the duration of this study.[23] In the 
1986 study mentioned earlier, the results showed that 80% of 
the fractured patients were male, whereas 20% were female, 
which resembles our study to some degree.[14] In addition, a 
study carried out in India, where men are the main laborer in 
the working community, showed that 80% of patients with 

fractures resulting from CAs were male compared to 20% 
were female.[16] Moreover, Nigeria’s study results showed that 
males accounted for 57% and females 43%.[15] It is believed 
that the incidence of fractured female patients from CAs is 
going to increase in the future since females are now allowed 
to drive in Saudi Arabia.

In the comparison of ages, this study has found that the most 
common ages at which people are fractured are between 
15 and 34  years, which accounts for 72% of the study 
participants. A study done in Saudi Arabia with RTA being 
the most common cause of injury concluded that the mean 
age of injured patients was 31 ± 14.4 years.[24] In addition, 
a study conducted in Qatar found that the majority  (69%) 
were in the age range of 20–44 years.[25] In Nigeria, a study 
reported that the majority of injured people in RTA ranged 
from 30 to 40  years old, whereas in India, a study found 
that the age of fractured people in RTA ranged from 15 to 
30 years.[15,16] It is believed that the carelessness of youngsters 
and nonstrict local traffic laws that cannot deter the underage 
from driving are the reasons for this study’s results regarding 
the younger ages.[8]

RTAs have great effects on multiple domains health‑related, 
economic, and social, so methods of prevention have been and 
will be implemented through the years. Prevention could start 
from the beginning, in terms of car manufacturing and better 
safety systems. Raising awareness about the consequences 
of reckless driving and casualty, in general, is one important 
aspect to focus on. In Saudi Arabia, there has been a recent 
update on the penalty for breaking the law.[26,27] One important 
implementation for road traffic safety in Saudi Arabia is speed 
radar.[24] Another recent safety measurement, implemented 
in 2016–2018, is the detection of unfastened seatbelts and 
mobile phone usage while driving by radar camera.[27] This 
measurement has led to a major improvement in seatbelt 
compliance from 34% to 76%, leading to fewer complications, 
such as fractures, after CAs.[26,27] Not only has seatbelt 
compliance increased, but also the usage of mobile phones 
while driving, which is considered one of the causes of CAs, 
has decreased from 14% to 10%.[27,28]

One limitation of the current study was a single‑based center 
study investigating only those admitted patients with severe 
injuries. Other limitations include lack information regarding 
the mechanism of accidents, positions inside the vehicles, 
types of vehicles, and patients’ conditions in general. The 
study also did not discuss the types of fractures and the side 
of the affected bones. However, the current study recommends 
conducting further studies to include more medical centers 
and investigating other contributors to car accidents. This 
includes road safety and environmental factors such as crowds, 
volunteer involvement, and the response of health‑care 
providers to the incidence from the accident place to the wards. 
Other factors such as position in the car, seat belt use, and 
airbag injury should also be considered in future studies to 
measure the impact of these factors on the resulted fractures. 
Looking also for adherence to the current safety measurements, 

Table 3: Most common fractures and comparison 
between the two genders

Fracture site Males (%) 
(n = 1200)

Females (%) 
(n = 196)

P

Acetabulum 132 (11) 13 (7) <0.001 
(Chi‑square test)Malar and 

maxillary bones
110 (9) 18 (9)

Base of skull 119 (10) 6 (3)
Shaft of femur 113 (9) 8 (4)
Pubis 77 (6) 20 (10)
Nasal bones 79 (7) 13 (7)
Cervical spine 80 (7) 10 (5)
Vault of skull 74 (6) 3 (2)
Clavicle 69 (6) 5 (3)
Multiple ribs 56 (5) 11 (3)
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studying the car types and the mechanisms of accidents could 
identify the source of the problem and contribute to decreasing 
the incidence of the issue or at least decreasing the severity 
and complexity of the fractures. Studying the geometry of 
the acetabulum and the impact of collision (direction of the 
collision and the biomechanical features of the injuries) could 
help in identifying vulnerable groups and establishing new 
technologies (besides the current safety methods) to prevent 
such fractures.[29]

Conclusions
Fractures caused by CAs were considered a major problem 
that affects individuals, especially those of a young age group 
(15–34 years). Males showed a different pattern of fractures 
compared to females. In addition, pelvic and skull areas were 
the most commonly affected and, in turn, could lead to longer 
stays in the hospital, increasing the economic burden on the 
facility and the country and affecting the quality of life for 
those patients and their families.

Recommendation
Finally, the current study could help health‑care providers to 
formulate which sites of the body are more commonly fractured 
and correlate that with patients’ baseline characteristics. 
Implementing more strict laws in regard to obtain a driver’s 
license, deterrent penalties for reckless drivers, and increasing 
society’s awareness about CA complications could help to 
improve this issue. With the recent legalization of women 
driving in Saudi Arabia, a follow‑up study is recommended 
for the period 2016–2020.
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