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Traumatic spine injuries (TSIs) in children are 
relatively infrequent.1-5 TSIs constitute 5% of 
child trauma and 1% to 10% of all reported 

spinal injuries.6-8 The annual incidences of pediatric TSI 
are 66 and 74 cases per million people in Finland and the 
United States, respectively.5,9 The mortality rates of TSI 
have been reported to be higher in adults (estimated at 
25%-32%), and mortality is most frequently associated 
with organ injuries.10-16 Associated neurological com-
promises have been reported to occur at rates of 25% to 
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BACKGROUND AND OBJECTIVES: Knowledge regarding traumatic spine injuries (TSIs) is essential for effective 
prevention strategies, particularly in the developing world, where majority of the population is younger and or-
ganized prevention programs are scarce. Therefore, our objective was to describe TSI mechanisms, demograph-
ics, patterns, and outcomes in children and adolescents. 
DESIGN AND SETTINGS: Retrospective chart review in a major trauma center from May 2001 to May 2009 in 
Riyadh, Saudi Arabia.
PATIENTS AND METHODS: Detailed chart reviews were done for all consecutive TSI patients ≤18 years old. 
Cases were identified through the trauma database registry that included admitted patients.
RESULTS: Of the 3796 cases identified, 120 cases (3.2%) sustained 141 TSIs (mean age: 13.5 years; males: 
83.8%). TSI was most common among children from 16 to 18 years old. Overall, motor vehicle collision (MVC) 
was the most common injury mechanism (60.8%). However, younger patients (<12 years) sustained more pe-
destrian injuries (40.6%). Among MVC cases with known seat belt statuses (43.8%), 90.6% were not wearing 
seat belts. The cervical spine level was the most commonly affected (55.8%) region, especially in children <12 
years old (88%). More than 1 affected spinal level was found in 23.3% cases. Spinal cord injuries were found in 
19.2% cases. Overall, mortality was 8.3%, and half of these mortalities were secondary to pedestrian injuries. A 
total of 22.7% of cases were discharged with neurological deficits. 
CONCLUSION: The high frequency and severity of MVC and pedestrian injuries observed in the present study 
raise significant concerns regarding the safety of children on the roads. Spine involvement was age specific; 
younger patients tended to have more cervical injuries, and older patients exhibited more thoracic spine in-
volvement.

50%.10,12 Males are more frequently affected than females, 
presumably owing to greater riskier behavior and reduced 
seat belt use.3,5,17,18

The pediatric spine is more flexible than the adult 
spine, which results in different patterns of injury.17,19 

For example, infants exhibit a low incidence of TSI be-
cause hyper-lax ligaments enhance the elasticity of their 
spines. Furthermore, the facet joints of infants are more 
horizontally oriented, infants’ neck muscles are underde-
veloped, and infants have larger head sizes in relation to 
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their torsos.17,20,21 Therefore, most infant spine injuries in-
volve the craniocervical area.21 In contrast, older children 
(older than ~8 years) have stronger muscles, less elastic 
ligaments, well-calcified bones with increased densi-
ties and sizes, and more developed body structures in 
which the head is smaller in relation to the torso.20,22 
These anatomical developments shift the risk of spinal 
injuries in adults to the level of the spine’s fulcrum (C5-
C6).20,22

In the developing world, traumatic injuries in adults 
and children are primarily attributable to motor ve-
hicle collisions (MVCs), which tend to involve males 
more commonly than females.18,23,24 However, a high 
percentage of pediatric head traumas are related to pe-
destrian injuries.23 Epidemiological studies on TSI in 
children of Saudi Arabia are scarce. Individual reports 
commenting on the frequencies with which camel ac-
cidents cause significant spinal injuries in adults have 
been published.25-27 Our primary goal was to identify 
the mechanisms and patterns of spinal injuries in pa-
tients 18 years of age or below in a major trauma center. 
Our secondary goal was to identify the epidemiologi-
cal characteristics and outcomes of such injuries. Such 
data will enhance our understanding of pediatric TSI 
and facilitate injury prevention strategies and health 
service allocation.

PATIENTS AND METHODS

Study design and setting
This is a retrospective study conducted at King 
Abdulaziz Medical City (KAMC), Riyadh. All consec-
utive cases with any traumatic spine injury in patients 
of 18 years of age or below from May 2001 to May 
2009 were included. Spinal injury was defined in the 
database as any fracture in the spine with or without 
spinal cord injury (SCI). Exclusion criteria included 
pathologic fractures or birth-related injuries. 

Cases were identified from the trauma database 
of the KAMC Trauma Registry (KAMC-TR). This 
database is a prospectively recorded database of all 
admitted trauma cases. A full-time registrar is respon-
sible for data collection and patient follow-up until 
discharge. Annual audits of 5% of the data against 
medical records are performed for quality assurance. 
Additionally, a cross-check of the database is per-
formed against daily reports of all discharged trauma 
patients, which are generated from the medical records.

The study was conducted in the city of Riyadh, 
which comprises 24.1% of the country’s population 
and is home to 5.8 million residents.28 The median age 
of the Saudi population is 21 years, and children under 

19 years of age constitute 41.7% of the total popula-
tion.13 Major traumas are transferred to designated 
hospitals based on the geographic location. KAMC is 
one of the largest dedicated centers for trauma in the 
country.

Data variables
Data were gathered through a detailed review of all 
medical files of the included patients. Factors pertain-
ing to patient and injury characteristics, hospital ad-
missions, surgical interventions, and clinical statuses at 
the most recent follow-up were included. 

Injury assessment was performed at hospital pre-
sentation using the injury severity score (ISS) and the 
Glasgow coma scale (GCS). The ISS is a well-estab-
lished trauma scoring system that ranges from 1 to 
75; major traumas are indicates by scores greater than 
16.29,30 The GCS is an objective measure for the assess-
ment of an individual’s conscious state following head 
injury and ranges between 3 (deep unconsciousness) 
and 15 (fully awake).31

With the goal of implementing an applicable trau-
ma prevention strategy, patients were stratified into 4 
groups according to age at the time of injury: children 
under 6, elementary school age (6≤12), intermediate 
school age (12≤16), and high school age (16-18).

Statistical analyses
Statistical analyses were performed using SPSS, ver-
sion 17.0 (IBM Corporation, Armonk, NY, USA). 
Descriptive statistics (means, standard deviations, 
proportions) were used to describe quantitative and 
categorical variables. Chi-square and Fisher exact 
tests were used to compare categorical variables. The 
Kruskal-Wallis and Mann-Whitney tests were used to 
compare quantitative measures. Correlations involving 
nonparametric data were examined with Spearman 
correlation coefficients. Results with P values of .05 or 
below were considered statistically significant.

RESULTS

Patient demographics	
A total of 8941 trauma patients were identified during 
the study period, and 3796 of these patients were at 
or below 18 years of age. Of these younger patients, 
120 had sustained a spine injury (3.2% of all pediatric 
trauma cases). These patients had a total of 141 spinal 
fractures. The mean age was 13.5 (range 2-8). Injuries 
were most frequent in the age group of 16 to18 years 
old (49.2%, Table 1). Males were affected significantly 
more frequently (83.8%, P=.003) across all age groups, 
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Table 1. Characteristics of study population (actual patient numbers).

Age group (y)
Total P value

>6 y 6-11.9 12-15.9 16-18

Number of patients (%) 13 (10.8%) 19 (15.8%) 29 (24.2%) 59 (49.2%) 120 

Sex
   Male
   Female

8
5

12
7

27
2

53
6

100 (83.3%)
20 (16.7%) .003

Mean ISS (SD) 13.9 (22.3) 10.0 (6.2) 17.7 (14.1) 15.6 (11.6) 15.0 (13.2) .051

Mean GCS (SD) 12.4 (4.7) 13.8 (2.5) 10.9 (5.3) 11.9 (4.4) 12.0 (4.4) .395

Spine injury level
   Cervical
   Thoracic
   Lumbosacral

13
1
0

17
1
2

11
16
11

26
29
22

67 (55.8%)
47 (39.2%)
35 (29.2%)

.0001

.0001
.009

Associated injuries
   Spinal cord
   Head
   Body
   Head and body
   Spinal cord and head
   Spinal cord and body
   Spinal cord, head and body
   All spinal cord patients

3
2
0
3
0
0
0
3

2
4
3
6
0
1
0
3

2
3
6
7
2
2
1
7

5
12
17
12
1
3
1

10

12
21
26

283
6
2

23

.821

Outcome
   Mortality
   Neurological deficit
   Full recovery

3
2
7

1
0

18

3
9

17

3
14
41

10 (8.5%)
25 (21.2%)
83 (70.3%)

.143

.065

.043

Transportation to hospital
   Ambulance
   Private vehicle

5
8

8
11

17
11

45
14

75 (63%)
44 (37%) .01

ISS: Injury severity score, GCS: Glasgow coma scale.

and this pattern was particularly evident for those old-
er than 12 years of age (P=.0001). 

Mechanisms and timings of injuries 
Overall, MVC was the commonest mechanism of spine 
injury (60.8%) followed by pedestrian injuries (20.8%), 
fall-related injuries (15%), and other miscellaneous in-
juries (3.4%, injuries related to motorcycles, assaults, 
or unspecified). The mechanisms of injury varied sig-
nificantly across the age groups (P=.0001, Figure 1). 
Patients younger than 12 years old experienced pedestrian 
(40.6%) and fall-related (34.4%) injuries. Among the old-
er patients (12-18 years), injuries were mostly caused by 
MVC (72.7%). The mechanisms of spine injury were sig-
nificantly different between males and females (P=.013). 
Among females, injuries were caused equally by falls and 
MVC (40% each); however, MVC was the main cause 
of injuries (64%) in males followed by pedestrian injuries 
(22%) (Figure 2). 

Injuries reached their peak during the day at 10 o’clock 
(9.2%) in the morning followed by 8 o’clock (7.5%) in the 

evening. Across the study period, more spine injuries oc-
curred in 2005 (21.7%) than in any other year in our co-
hort. 

Seat belt usage status was known in 32 of 72 MVC 
cases (44.5%). Of the cases with known seat belt sta-
tuses, seat belts were used in only 3 cases (9.4%).

Transportation to the hospital
The methods by which patients were transferred to the 
hospital included ambulances (63%) and private vehi-
cles (37%, Table 1). The average age at transfer by a pri-
vate vehicle was 11 years, and the average age at transfer 
by an ambulance was 14.7 years (P=.0001). Regarding 
age categories, patients under 12 years old were most 
likely to be transferred to the hospital in a private ve-
hicle (59.4%), and patients older than 12 years were 
most likely to be transferred in an ambulance (71.3%, 
P=.002). Regarding gender, males were most likely to 
be transferred by an ambulance (67%), and females 
were most likely to be transferred by private vehicles 
(60%, P=.019). 
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Following injuries on the road, 29% of patients 
were transferred in a private vehicle. Two patients were 
injured at home and transferred in a private vehicle, 
and 1 patient was injured at school and transferred in 
an ambulance. Private vehicles were used to transfer 
48.5% of patients with cervical injuries (P=.004), 34% 
of patients with thoracic injuries (P=.592), and 23% of 
patients with lumbosacral injuries (P=.039). Patients 
transferred by an ambulance were more severely injured 
as indicated by a lower GCS (mean 11, P=.0001) and a 
trend toward a higher ISS (mean 16.5, P=.06). The sta-
tuses of spine-injury precautions taken during a private 
vehicle transfer are unknown.

Injury assessments and hospital stays 
Across the different age groups, there were no signifi-
cant differences in ISS (P=.246), lengths of stay in the 
hospital (P=.264), or GCS (P=.174) (Table 1). The 
mean length of hospital stay was 29.3 (60) days, and 
the maximum length of stay was 444 days. GCS was 
negatively correlated with both ISS (P=.001) and 
length of hospital stay (rs=–0.32, P=.0001). A posi-
tive correlation was observed between ISS and length 
of hospital stay (rs=0.44, P=.001). Injuries tended to 
be more severe in males as demonstrated by a higher 
mean ISS (16 vs 10 for males and females, respectively, 
P=.062) and a lower mean GCS (11.6 vs 14 for males 
and females, respectively, P=.059). No significant gen-
der difference was recorded in length of hospital stay 
(P=.97). Pedestrian injuries were the most severe in 
terms of both ISS (mean 20.16, P=.006) and GCS 
(mean 10.08, P=.012). Surgical interventions were per-
formed in 45.8% of all cases. Of these, 40.7% under-
went spine surgery.

Spine and spinal cord injury 
Overall, the spine was most commonly affected at the 
cervical level (55.8%, Table 1). More than 1 spinal re-
gion was affected in 23.3% of cases. Most of the younger 
patients (<12 years) sustained cervical injuries (88%), 
and thoracic involvement followed by cervical involve-
ment was more common in the older cases (Figure 3). 

SCI, alone or in combination with other injuries, 
was found in 23 patients (19.2%) (Table 1). The aver-
age age at SCI was 13.7 (4.5) years, and SCI was more 
common in males (74%). SCIs were most likely to be 
caused by MVC (56.5%) followed by fall injuries (35%), 
and others (8.6%). Seat belts were not used by any of 
the 6 patients (out of the 23) with SCI for whom seat 
belt status was known. Patients with SCI had a mean 
ISS of 10.2 (8.3) and a mean GCS of 13.4 (3.7). SCI 
was associated with cervical injury in 9 patients (39%), 

Figure 1. Mechanism of injury by age group.

Figure 2. Mechanism of injury by gender.

Figure 3. Mechanism of injury by spinal injury level.
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thoracic injury in 11 patients (47.8%), and lumbosacral 
injury in 10 patients (43.5%). None of the SCI patients 
died. Neurological deficits at discharge were present in 
6 of the SCI patients (26%), and the other SCI patients 
achieved full recoveries (74%).

Outcome
Twenty-five patients (22.7% of alive patients) were dis-
charged with neurological deficits, and 6 of cases (5.5%) 
were secondary to SCI. There were no significant gen-
der (P=.054) or age differences between the patients 
with neurological deficits (mean age 14.7years) and 
those who recovered fully (83 patients, mean age 13.6 
years, P=.2). However, when the age groups were con-
sidered, 92% of the patients with neurological deficits 
were older than 12 years (P=.019). MVC was respon-
sible for greatest proportion of cases of neurological 
deficit (68%) followed by fall and pedestrian injuries 
(16% each). Patients with neurological deficits exhib-
ited higher ISSs (mean 18.7, P=.001) and lower GCSs 
(mean 10, P=.007). Of the 25 patients with neuro-
logical deficits, 11 sustained cervical injuries (P=.3), 14 
sustained thoracic injuries (P=.045), and 10 sustained 
lumbosacral injuries (P=.24). 

There were 10 deaths (8.3%) in the study popula-
tion. Nine patients died during their hospital stays, and 
1 died after discharge. The average age at death was 11 
years. There was no difference in mortality across the 
different age groups (P=.143) and no effect of gender 
(P=.5). Five of the deaths (50%) were secondary to pe-
destrian injury, which represented 20% of all pedestrian 
spinal injuries in our sample. Three deaths were second-
ary to MVC (4% of all MVC injuries), 1 death was the 
result of a motorcycle accident, and 2 death was related 
to a fall injury. As expected, mortality cases exhibited 
higher ISSs (mean 38.8, P=.0001) and lower GCSs 
(mean 5.5, P=.0001). Out of the 10 patients who died, 
9 sustained cervical injuries (P=.02), 4 suffered thoracic 
injuries (P=.59), and 1 suffered a lumbosacral injury 
(P=.16). Two of the mortality cases underwent spinal 
surgery and 2 underwent non-spinal surgery. 

DISCUSSION
The current study is the largest in Saudi Arabia that 
has addressed traumatic spine injuries in children and 
adolescents. Spine injuries were involved in 3.2% of all 
admitted pediatric trauma cases, and this proportion 
is similar to published figures.5,8,11,12,32,33 Adolescent 
boys were the most likely to be affected,1,3-5,17,18,34 which 
is likely attributable to the increased exposure to out-
door activities and risk-taking behavior of males.35 
Alternately, this finding may be due to the greater ex-

posure of male to MVC because women do not drive 
in Saudi Arabia.

Mechanism of injury
As in previous reports, MVC was the main cause of TSI 
in the current report.3,5,8 However, the percentage of in-
juries caused by MVC in our study (60.8%) was much 
higher than international figures (25%-30%).8,18,36,37 
The inclusion of the 16 to 18 year age category (i.e., 
the age of driving) may have contributed to the eleva-
tion in MVC-caused injuries observed in the current 
study. Traffic laws and regulations should be vigorous 
and carefully enforced to limit the frequency of these 
injuries, particularly because of increases in traffic activ-
ity that are related to rapid economic development.24,38 

Obviously, the use of seat belts should be encourage be-
cause only 9% of those with known seat belt statuses 
(43.8% of total study population) were wearing their 
seat belts.

Pedestrian injury presents a challenge in the devel-
oping world both in terms of frequency and severity. In 
the current paper, pedestrian-related TSI among chil-
dren and adolescents was more prevalent (20.8%) than 
published figures (10%).8 Pedestrian injuries were the 
most common cause of injury to patients under 12 years 
of age. Similar findings have been reported regarding 
head injury in the same patient group.23 Pedestrian in-
juries tend to be more severe and are associated with 
multiple organ injuries.8 The pedestrians in the current 
study sustained more severe injuries (i.e., worse ISS and 
GCS scores) and constituted 50% of all deaths. This is 
public health concern particularly because most injuries 
occurred approximately 10 am or 8 pm. These time pe-
riods are related to the timing of morning and evening 
school activities. Strict traffic rules and enhanced par-
ent education have reduced the accident rates among 
children and adolescents in more developed countries.3 

Direct adult supervision of the younger age group is re-
quired because these children lack the knowledge and 
cognitive and behavioral skills necessary to ensure their 
safety.3,39

Spine injury
The anatomic and biomechanical features of the de-
veloping pediatric spine predispose younger people to 
cervical injury. Similar to previous reports, the current 
study showed that most injuries affected the cervical 
spine (60%-80%).5,15,37,38,40 However, the involvement of 
the cervical spine was more frequent among the chil-
dren younger than 12 years (94%) compared to the 
older patients (42%). In a population-based study by 
Puisto et al, 64% of younger children (<8 years) had 
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cervical injuries compared to 25% of children over 8 
years old.5 As demonstrated in the current and previous 
reports,5 as children age, the level of injury moves to the 
thoracic and lumbar areas.

The rate of spinal cord injury was higher than that 
reported previously in the published studies (19.2% vs 
2.3%).3 However, direct comparisons are difficult due 
to differences in the study populations. A portion of 
this difference may be attributable to the comparison 
to countries in which more developed prevention pro-
grams have been established.3 The prognoses of chil-
dren with spinal cord injuries have been reported to 
be more favorable than those of adults.41 One quarter 
of our patients exhibited enduring neurological defi-
cits. However, in the current study, final conclusions 
regarding recovery from spinal cord injury are not pos-
sible due to the lack of a standard neurological assess-
ment method. 

According to recent guidelines on acute cervical 
spine and spinal cord injuries, patients with spinal in-
jury or suspected spinal injury should be transported 
to the hospital by experienced personnel in conditions 
of full spine immobilization.42 Important steps taken 
by emergency responders include careful patient as-
sessment, spinal immobilization (cervical collar and 
rigid board), and appropriate airway management.43 
These precautions should also be employed for very 
young children. Kim et al examined the use of spinal 
immobilization techniques in children of different age 
groups with and without traumatic cervical spinal in-
jury in the US and found inconsistencies in the appli-
cation of full spinal immobilization to children, par-
ticularly younger children, and this finding is similar 
to those of the current study.44 

Outcomes 
While spinal injuries are relatively uncommon in 
children, they can be associated with devastating 
outcomes.45 Ten of the patients (8.3%) in our sample 
died. In contrast to previous reports in which death 

was most frequently related to traffic accidents, 50% 
of deaths in the current series were related to pedes-
trian injuries. Although the direct causes of death in 
our series were not clearly defined, those who died 
exhibited higher impact injuries (as measured with 
the ISS), more severe head injuries (i.e., lower GCS 
scores) and more cervical injuries. In addition to the 
cervical involvement, mortality was also related to as-
sociated body and head injuries.8,46 

Limitations
While the current study provides valuable insight into 
spine injuries in children and adolescents, population-
based studies are required for proper injury preven-
tion strategies. This study did not include patients 
with minor injuries who did not go to a hospital local 
primary care facility. Although this study was carried 
out in a large metropolitan area, the prevalences and 
outcomes of spinal cord injuries may be different in 
more rural areas of Saudi Arabia, and this issue should 
be assessed in future studies. Another limitation of 
this study is the lack of detailed neurological assess-
ments after injury. Additionally, the data regarding 
the injury prevention methods that the patients could 
have used were incomplete. 

The current study demonstrated the unique fea-
tures of traumatic spine injury in children and ado-
lescents. There was more cervical involvement in the 
younger age group and more thoracic involvement 
among the older patients. These findings raise sig-
nificant concerns regarding spine trauma in children 
and adolescents. The majority of spine injuries were 
secondary to MVC. Appropriate traffic rules, child 
positioning in vehicles, and seatbelt use are important 
injury prevention strategies that should be utilized. 
Regarding pedestrian injuries, measures should be 
taken to address the safety of road crossing, especially 
during peak times. Additionally, appropriate care 
should be utilized during patient transfer to the hos-
pital after injury. 
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