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Abslract. An effeclive measure to reduce human losses resulting from traffic accidents should be based 
on detailed informatioin on the types of injuries and their location~ in the victim's body. A systematic 
approach to collect such datu is needed to produce accurate information upon which right decisions can 
be taken. In this study, a sample of 822 traffic accidents occurred in the Riyadh area during 1411H. was 
considered. Data c:ollected from this sample included general characteristics of the accidents as well as the 
associated medical consequences of those accilknls. General statistics on different types of accidents such 
as tatallties per accident. fatalities per passenger, injuries per accident and injuries per passenger were cal
culated. Medical consequences associated with the sample accidents were identified in terms of the disit
ributiun ufinjuries on nine main body locations. This was done for both the injury and fatality cases of each 
accident type. The results indicated that the average f<tte of fatalities per accident is about 0.19 which is 
relatively higher than the reported figure. The results also indicated that head. chest and legs injuries are 
the most frequent types of injuries. 

Introdm:tiun 

General 

The main function of a highway or street is to transport people and goods in a safe, 
comfortable and economic manner. Although highway safety has been well recog
nized long ago. it was not seriously considered and addressed in developed countries 
until the 1960·s when massive efforts and safety programs were implemented [I]. 
This has resulted in a significant reduction in accident rates and in some cases in 
number of accidents. in spite uf the increasing number of vehicles. While this is tfue 
for developed countries, the situation is reversed in most developing countries [2]. 
This situation in developing countries is deteriorating as indicated by several reports 
published by the World Health Organization (WHO) [I ;3-5] .. This is unfortunately 
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true because of the limited resources allocated to investigate and to take effective 
measures to reduce the accident problems. For example, the WHO [3J reported a 
comparison between the yearly lost years of production before the age of retirement 
due to major death causes with the allocated budget for research on these causes as 
shown in Fig. 1. As indicated in the figure, traffic accidents are receiving the least 
amount of research funds per lost life. This clearly stresses the fact that efforts to 
reduce traffic accidents consequences are still-way· below the expectations. 
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Fig. l. Comparison between lost years and research budget for major death causes. 

Medical and economic consequences of traffic accidents 

The drastic impact of traffic accidents stems from the huge magnitude of their 
consequences in terms of social and economic losses. It is reported that the total 
yearly worldwide economic losses due to traffic accidents are more than 100 bilJion 
dollars, of which 64 billion dollars in USA. In the Gulf countries. these losses are 
about I billion dollar> [6J, while those losses sum to about 1.34 to 2.135 billion Saudi 
Riyals in the Kingdom of Saudi Arabia according to the studies reported in refer
ences [6;7]. 
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Rcgarding the medical consequences of traffic accidents, several studies 
reported the following international and national statistics: 

• Worldwide, there are mure than 300,000 deaths every year due to traffic 
accidents [8]. 

• The yearly number of injuries worldwide is about 10 to 15 million [8]. 

• In the Kingdom of Saudi Arabia, more than 275,(K)() persons were injured 
and more than 25,000 died due to traffic accidents during the period from 
1402H to 1411H [8;9]. In 1411H, about 40,000 traffic accidents were 
recorded with about 35;000 injured and 3,800 dead [101. 

• During the period from 1402H, an average annual increase of 1553 in traffic 
accidents was reported [II J. 

There are several efforts reported in different countries on some measures to 
reduce the severity of traffic accidents. One major measure is the use of seat belts. 
In Australia, for example, it was noted that fatalities and serious injuries have been 
reduced by more than 65% after enforcing the use of seat belts [12]. 

It was also reported that injuries and fatalities resulting from traffic accidents 
can be reduced by 25% to 50% when seat belts are used [8]. In addition, a study con
ducted in Sweden indicated that the probability of injuries of a passenger llsing a seat 
belt is significantly reduced [13]. 

The above estimates, about the cffectivensss of the seat belts, as a major meas
ure to reduce the consequences of traffic accidents, are typically produced using 
before and after analyses of traffic accidents. These analyses required the identifica
tion of injury distribution on different locations in the victims' bodies. Unfortu
nately, no efforts were reported in that direction in the Kingdom of Saudi Arabia. 
Without such information it would be very difficult to assess the real extent of acci
dent problem and consequences, besides the difficulty to evaluate different measures 
to reduce accident consequences. 

The main objective of this study is to determine the distribution of injuries on the 
different locations of the victim's body. As the Riyadh City represents about 60% of 
the total accidents in the Kingdom, therefore, it was decided to limit the study to the 
Riyadh area only. 
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Data Collection 

The main SOUTce of data collected in this project was the accident FILES availa
ble in the Traffic Accident Branch of the Riyadh Traffic Directorate. Each accident 
is assigned a file. This file contains all data and informatioin associated with the acci
dent including the accident reporting booklet, hospital report and any other corres
pondences related to the accident. The details of the injuries (type and location on 
the hody) ;ue typicaJly available from the hospital reports including, in most cases, 
in the accident files. Details of this data can be found in reference [14]. 

Thus, the data collected in this project can be divided into two main categories. 
The first deals with the general information of the accident while the second deals 
with the injuries. The main source for the first category was the accident reporting 
booklet (Police Report) while the main source for the second category was the huspi
tal reports. The sample of accident files was selected from the 1411H (1991G) acci
dents. A special form was designed to collect the above mentioned two categories of 
data. The data collected using this form was then coded and entered into a microcom
puter using the "knowledge man" data-base-manager [15]. The data items are 
described below: 

Accident file No. 
Accident time 

Accident location 

Accident type 
CoUision type 
Accident position 

Victim type 

Injury types 

A unique numerical value, for each accident 
I for day-time 
2 for night-time 
1 for within the city 
2 for out ofthe city 
Refer to Table 1 for accident type description 
Refer to Table 2 for description of collision types codes 
I for within the carriageway 
2 for outside the carriageway 
I for injury 
2forfatal 
Special codes indicating the types of injuries as reported on the 
hospital reports 
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Table 1, Accident type:;! 

Cod. 

2 

3 

4 

5 

6 

7 

8 

Table 2. Collision types 

Cod. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

AccidE'nt type 

Turnover 

Crash with another vehicle 

Crash with animal 

Outside the carriageway 

Pedestrian 

Fixed object 

Fire 

Crash with bicycle 

Collision description 

Head on collision 

Right angle collision 

Rear end collision 

Side collision 

Turn hit collision 

With stopped cars 

One car collision 

Pedestrian collision 

Bicycle collision 

Animal collision 

Fixed collision-

Other types 

Results and Analysis 

Description of results items 

239 

The results of this project can be divided into two main groups. The first group 
includes the general statistics on the numbers of accidents and the involved passen-
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geT, injured persons and fatalities. The second group includes the distribution of vic
tim injuries on different locatiuns on the body. The presentation of these two 
categories of results is based on the following classification of accidents: 

1. All accidents 
2. By accident time (day, night) 
3. By accident location (in the city, outside the city limits) 
4. By accident type (turnover, crash with other vehicle, animal, ... etc.) 
). By collision type (rear, head on, ... etc.) 
6. By accident position (within the carriageway or outside the carriageway) 

The results included in the first group (general statistics) aTe listed below: 

1. Number of accidents within each accident class (and subclasses) 
2. Similar to number 1 but for passengers of the vehicles involved in the acci-

dents 
3. Similar to number 1 but for fatalities associated with the accidents 
4. Similar to number 1 but for injuries associated with the accidents 
5. A set of rates is also provided for each subclass. These rates are: fatalities 

per accident, fatalities per person (passenger), injuries per accident, and 
injuries per person (passenger) 

Table 3 summarizes the main results of the first group. 

In the second group of results, injury distribution on nine main locations on the 
victims' bodies was determined for each accident class. The nine locatiuns are-sliown 
in Fig. 2. 

For any accident class (e.g., all accidents, by a~cident time, by accident loca
tions, ... etc.), the total number of injuries associated with all accidents of that class 
was determined. The number of injuries in each of the 9 locations was then -deter
mined. The output is called the injury distribution. The injury distribution is deter
mined for each subclass I-(te., if the accident class under consideration is accident 
time, then the subclasses would be 1: day-time accidents and 2: night-time acci
dents). Furthermore. within each subclass the injury distribution is determined for 
the injury cases and for the fatal cases. The injury distribution can be presented in the 
following equation: 

xhere 

N ij 
p=--

lJ N. 
J 

i = 1,2, ..... 9; j=1,2 (1) 
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Table 3. Summary of general statistics obtained from the study sample 

No. of Nn.nf No.of No. of Fatalities per Injuries per 
accidents occupants fatalities injuries accident accident 

All accidents 822 2340 154 1378 0.[87 1.676 

Hytime 

Day 528 1441 89 862 0.172 1.664 

Night 304 899 65 516 0.214 1.697 

By location 

[Jrh£ln 657 1821 108 1068 0.164 1.626 

Rural [65 5lY 46 310 0.279 1.879 

Ryposition 

Within 

carriageway 
686 1994 118 Ino 0.172 1.706 

Outside 

carriageway 
136 346 36 208 0.265 1.529 

By accident type 

1 82 244 27 147 0.329 1.973 

2 373 1331 51 861 0.137 2.308 

3 8 12 2 9 0.250 1.l25 

4 3 5 I 2 0.333 0.667 

5 239 491 45 211 0.188 0.883 

6 76 170 n 107 0289 1.408 

7 0 0 0 0 

8 41 87 6 41 0.[46 1.()(K} 

By collision Iype 
[ 108 376 19 256 0.176 2.370 

2 61 244 6 180 0098 2.951 

3 103 344 10 209 0.097 2.029 

4 27 93 3 63 0.1l1 2.333 

5 39 [82 8 102 O.20~ 2.615 

6 13 41 2 20 0.154 1.538 

7 1 [9 307 36 [84 0.303 1.546 

8 241 495 46 212 0.191 0.880 

9 57 142 12 78 0.211 1.368 

10 10 16 2 [1 0.200 1.100 

II 40 89 10 55 0.250 1.375 

Other 4 11 0 8 0 2.000 

Refer to Table I for accident type descritpions 

Refer to Table 2 tor collision type descriptions 
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4 Arms and shoulders 

7 Back 

9Legg ______ _ 

1 Head 

2 Face 
f-----~ 3 Neck 

l---- 5 Chest 

6 Stomach 

8 relvis (Hunch) 

Fig. 2. Injury location" within victim's bod~'. 

P ij = proportion of injuries (out of all injuries) with severity level·oj" that 
occur in body location "i" 

N ij = number of injuries that uccur in body location "r' for victims with 
severity level 'T' 

~ body location (i ~ 1-9). Refer to Fig. 2 forthe identification olthe 

9 locations 
= severity level (j = 1,2), 

j = 1 for injury 
j = 2forfatal 

N j = total number of injuries for victims with severity levelj. 

A summary of the results of injury distributions is presented in Table 4. 

Analysis of results 

Several remarks can be mentioned regarding the study results. In fact when refe
ence is made to the results presented in Table 3 and 4, one can feel the huge amount 
of comments and remarks that can be obtained. In this section, only selected remarks 
will be presented. These remarks, however, do not cover the wide range of variables 
and classes included in the study. The following indicators were selected: 

- fatalities per accident 
injuries per accident 
the accident class/sub-class with highest percent of injuries in each of the fol-
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lowing body locations: (1) head, (2) face, (3) neck, (4) arms and shoulder, 
(5) chest, (6) stomach, (7) back, (8) pelvis, and (9) legs. 

Table 5 includes a summary of the main results that can be drawn from Tables 
3 and 4. The table shows the overall average values associated with each of the above 
indicators along with the accident class with the highest value of the indicator. 

Statistical analysis of the results 

Two types of statistical analyses were selected to be performed on the severity 
rates results presented in Table 3: (a) development of Confidence Intervals for tbe 
severity rates (injuries per occupant and fatalities per occupant), and (b) contingency 
tables analysis. 

Confidence intervals for the severity rates 

Severity rates are defined as: 

No. of all injuries 
Injury Rate = PI = -------

No. of all occupants 

Fatality Rate = p, = 
No. of all injuries 

No. of all occupants 

For example, consider the case of all accidents in Table 3. The severity rates 
(proportions) are: (injury rate = 1378/2340 = 0.589) and (fatality rate 15412340 = 
0.066). The standard deviations associated with these rates (proportions) are 0.01 
and 0.005, respectively. The corresponding Confidence Intervals are [0.569 - 0.609] 
and [0.056 - 0.076], respectively. Table 6 summarizes the Confidence Intervals for 
other" accident classifications. 

ContlgeQcy tables analysis 

The general purpose of contigency tables analysis is to measure the degree of 
association between two classification factors. That is to what extent the characteris-, 
tics of one factor and the characteristics of another factor occur together. In another 
way, a measure of association indicates to what extent a prior knowledge of a case's 
value of one variable better enables one to predict the case's value of the other vari
able. In this study, the two classification factors are: (i) accident severity (two levels: 
injury and fatal) and (ii) accident classification (e.g.-;- by time, by location, by posi
tion, by accident type, and by collision type). The results of this analysis are sum-
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Table 4. Summary of injury distribution on different body locations 

,Body location code 

2 3 4 5 6 7 8 9 

All accidents % of all injuries 

Injuries 19.9 10.8 0.6 14.9 15.2 1.3 7.6 8.3 21.2 

Fatalities 21.9 4.9 0.9 12.2 19.4 1.8 9.5 10.4 18.9 

By time Day time 

Injuries 21.0 12.3 0.6 14.8 14.4 1.2 7.1 7.5 21.U 

Fatalities 22.2 4.6 0.8 )1.1 19.5 1.9 9.6 10.3 19.9 

Night time 

Injuries 18.1 8.5 0.6 15.1 16.5 1.4 8.6 9.5 21.6 

Fatalities 21.5 5.2 1.2 14.0 19.2 1.1 9.3 10.5 17.4 

By location Urban 

Injuries 19.4 11.7 0.6 14.7 14.9 1.5 7.0 8.1 22.1 

Fatalities 20.1 5.2 1.0 13.0 18.2 1.8 9.9 10.9 19.8 

Rural 

rnjllrie~ 2L2 8.5 0.8 15.4 16.0 0.7 9.5 8.9 18.8 
Fatalities 36.7 2.0 0 6.1 28.6 2.0 6.1 6.1 12.2 

BJ location Within carriageway 

Injuries 2004 11.5 0.7 14.7 14.8 1.3 7.2 8.2 21.1 

Fatalities 19.9 4.2 1.1 12.7 19.9 1.7 9.7 10.5 20.2 

Outside carrialllew3l' 

Injuries 17.3 7.7 0.2 15.8 17.1 1.5 9.8 8.6 22.2 
Fatalities 31.9 8.3 0 9.7 16.7 2.8 8.3 9.7 12.5 

By accident type 1- Turnover 

Injuries 18.4 5.2 0.5 17.9 18.9 1.0 11.7 804 18.1 

Fatalities 34.0 2.0 0 12.0 16.0 2.0 10.0 8.0 16.0 

2-Crash with another vehicle 

Injuries 19.7 13.0 0.6 14.6 15.7 1.2 7.3 8.0 19.9 
Fatalities 19.7 2.5 1.9 12.1 24.2 0.6 8.9 to.2 197 

3-Cr3/1lh with animal 

Injuries 15.0 10.0 5.0 17.5 12.5 0 12.5 12.5 15.5 
Fatalities 100.0 0 0 0 0 0 0 0 0 

4-0outside the carriageway 

Injuries 0 75.0 0 0 0 0 0 0 25.0 
Fatalities 0 0 0 0 0 33.3 0 33.3 33.3 

5-Pedestrian 

Injuries 22.7 7.5 U.9 13.6 12.4 1.9 6.6 ~.7 24.6 
Fatalities 19.3 3.7 0.6 13.0 18.0 2.5 11.2 11.2 20.5 
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Table 4. (Continued) 

Body location code 

2 3 4 5 6 7 8 9 

% of all injuries 

By COllision type 1-Head-on 

lnjurie~ 18.5 14.5 0.6 12.9 17.7 Ll 6.5 7.8 20.4 
Fatalities 24.1 3.4 0 12.1 20.7 1.7 10.3 10.3 17.2 

2-Right angle 

Injuries 20.9 11.5 0.7 13.6 16.5 1.9 5.2 8.2 21.4 
Fatalities 40 0 0 20.0 20.0 0 0 0 20.0 

3-Rear-end 

Injuries 21.1 9.8 0.7 15.3 16.0 1.2 10.2 79 17.9 
Fatalities 7.7 (J 5.1 17.9 20.5 0 10.3 12.8 25.6 

4-Side 

Injuries 23.5 14.2 0.7 17.6 9.5 1.4 7.4 5.4 20.3 
Fatalities 25.0 0 0 8.3 16.7 0 83 16.7 25.0 

5-Turn hit 

Tnjune .. 15.8 15.1 0.3 16.4 14.8 0.6 8.4 10.0 18.7 
Fatalities 28.6 7.1 7.1 0 57.1 0 0 0 0 

6-With stopped car 

Injuries 15.4 20.0 0 20.0 10.8 3.1 1.5 4.6 24.6 
Fatalities 50.0 0 0 0 25.0 0 0 U 25.0 

7-0ne car 

Injuries 18.5 6.5 0.4 17.4 17.6 Ll 10.5 9.2 18.7 
Fatalities 25.3 8.0 0 10.3 17.2 2.3 9.2 10.3 17.2 

8-Pedestrian 

Injuries 22.7 7.5 0.9 13.5 12.4 1.9 66 9.7 24.7 
Fatalities 19.4 3.6 0.6 12.7 18.8 2.4 10.9 10.9 20.6 

9-Btcycle 

Injuries 22.8 8.1 U.4 16.1 11.7 0.4 7.2 6.3 26.9 
Fatalities 25.0 9.4 0 15.6 12.5 3.1 6.3 9.4 18.8 

10-Animal 

Injuries 12.0 16.0 4.0 18.0 14.0 0 10.0 W.O 16.0 
Fatalities 100.0 0 0 0 0 0 0 0 0 

ll-Fixcd object 

Injuries 16.1 14.8 0 13.4 16.1 1.3 6.0 6.7 25.5 
Fatalities 20.0 B.3 0 13.3 13.3 0 13.3 13.3 13.3 

* Refer to table I for accident type descriptions 
U Re[er tu table 2 [or l:oillision type de:;,criptions 
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Table 5. Summary of maio resulls 

Indicator Overall average 
Accident class with Heighest 

highest ratf" valut" 

Fatalities per accident 0.19 turnover 033 

Injuries per accident 1.70 right angle accidents 2.95 
head-on collisions 2.37 

% of all accidents in the head 22 for fatalities rural accidents 37 
20 for injuries 

% of all accidents in the head 5 for fatalities hitting fixed objects 17 
11 for injuries 

% of all accidents in the neck 0.92 for fatalities turn-hit accidents 7.14 
O.64forinjuries 

% of all accidents in the anns 12.2 for fatalities hitting bicycles 25 
and shoulders 14.9forinjuries 

% of all accidents in [he stomach 1.8 for fatalities hitting bicycles 3.1 
1.3 for injuries 

% of all accidents in the back 9.5 for fatalities turnover 12 
7.6 for injuries 

% of ail accidents in the pelvis 10.4 for fatalities back hit 13 
8.3 for injuries 

% of all accidents in the legs 18.9 for fatalities hitting bicycles 39 
21.2 tor injuries 

marized in Table 7 where the l value and the corresponding p-value are shown for 
each analysis case. The results indicate that there is a significant degree of association 
between accident severity and all accident classification categories. except for the 
"by time" classification category. 

This means, whether the accident occurs at night or during the day, the likeli
hood of being killed is almost even, and thus the difference between the two fatality 
proportions (e.g., 891951 = 0,093 and 65/581 = 0,11) was due to chance. Table 8 sum
marizes the data used in the contingency table analysis for the accident time case (the 
data shown in this table was extracted from Table 3). On the other hand, this likeli
hood is statistically significant in the case of other classification categories. For 
instance, considering accident location classification category. the results indicate 
that the chance of being killed in a rural accident is higher than that in an urban acci
dent. Thus, the difference between fatality rates in rural and urban accidents (46/356 
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Table 6. The 95% confidence intervals for severity rates of different accident classifk:ations 

Accident 
Sub-class 

Proportion (standard deviation) 95 % Confidence intervals 

classification Injuries Fatalities Injuries Fatalities 

All accidents 0.589 (0.010) 0.066 (0.005) 0.569 - 0.609 0.056 - 0.076 

By time Day 0.598 (0.013) 0.062 (0.006) 0.573 - 0.624 0.049 - 0.074 

Night o 574(0 01/i) 007? (0 OOQ) o 542.0};06 0_055 - 0.089 

By location Urban 0.586 (0.012) 0.059 (0.060) 0.564-0.609 0.048 - 0.070 

Rural 0.597 (0.022) 0.089 (0.013) 0.555-0.639 0.064 - 0.113 

By pusitiun Within 0.587(0.011) 0.059 (0.005) 0.565-0.608 0.049-0.070 

Outside 0.601 (0.026) 0.104 (0.016) 0.550-0.653 0.072-0.136 

By accident I 0.602(0.013) 0.111 (0.020) 0.541-0.664 0.071-0.150 

type 2 0.647 (0.013) 0.038 (0.005) 0_621-0.673 0.028-0.047 

3 Sample size is too small for reliable estimates 

4 Sample size is too small for reliable estimates 

5 0.430 (0.022) 0.092 (0.013) 0.368 - 0.474 0.066·0.117 

6 0.629 (0.037) 0.129 (0026) 0.557 - 0.702 0.079·0.180 

7 Sample size is too small for reliable estimates 

8 0.471 (0.054) 0.069 (0.027) 0.366 - 0.576 0.016·0.122 

By collision 0.680 (0.024) 0.051 (0.040) 0.634 - 0.728 0.028 - 0.073 

type 2 0.738(0.028) 0.025(0.010) 0.683-0.793 0.005 -0.044 

3 0608 (0026) 0.029 (0.009) 0.556 - 0.659 0.011 - 0.047 

4 0.677 (IW49) 0.032 (0.018) 0.582 - 0.772 0.000 - 0.068 

5 0.560 (0.037) 0.044 (0.015) 0.488 - 0.633 0.014 - 0.074 

6 0488(0.078) 0049 (0 .034) 0.334-0.641 0.000 -0.115 

7 0.599 (0.028) 0.117 (0.018) 0.545 - 0.654 0.DB1-0.153 

8 0.428 (0.022) 0.093 (0.013) 0.384-0.472 0.067-0.119 

9 0.549 (0.052) 0.085 (0023) 0.467 -0.631 0.039 -0.130 

10 Sample size is too small for reliable estimates 

I! 0.618 (0.052) 0.112 (0.034) 0.517-0.719 0.047-0.178 

12 Sample size is too small for reliable estimates 

Refer to Table 1 for accident type descriptions 
Refer to Table 2 for collision type descriptions 

= 0.13 and 108/1176 = 0.09, respectively) is statistically significant. Table 9 sum
marizes the data used in the contingency table analysis for the accident location case 
(the data shown in this table was extracted from Table 3). 
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Table 7. Summary of tbe contingency tables analysis on the degree of association between accident severity 
and different attident classificationli 

Accident classification Chi-Square ['ll P-value 

Hytime 1.334 0.248 

By location 4.222 0.040 

Hyposlhon 7.1)96 0.007 

By accident type 49.669 =0 

By collision type 53.089 =0 

Table 8. Contingency table for severity level by accident time 

Severity level 
Accident time 

Total 
Daytime Nighttime 

Injury 862 516 1378 

Fatal 89 65 154 

Total 951 581 1532 

Table 9. Contingency table for severity level by accident location 

Severity lenl 
Accident location 

Urban Rural 
Total 

Injury 1068 310 1378 

Fatal 10" 46 154 

Total 1176 356 1532 

Conclusions 

(1) Based on the sample accidents considered in this study, it was found that the 
average rate of fatalities per accident was about 0.19 which is relatively high. 

(2) There is a significant degree of association between accident severity and all 
accident classification categories except the ""by time" category. 



Analysis of Injuries .~. 249 

(3) In general, it was found that the most frequent types of injury were, head, chest 
and legs injuries. 

(4) Head and chest injuries were more frequent in fatality cases than in injury cases, 
while leg injuries were higher in injury cases. 

(5) Head, chest and legs accidents constituted, on the average, about 60% of total 
injuries in fatality cases and about 55% in injury cases. 
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