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Background: Spinal cord injury (SCI) is a devastating 
event that results in permanent disability for injured 
children. Among all etiologies of SCI, motor vehicle 
crashes (MVCs) are the leading cause and account 
for 29% of all traumatic SCIs in children. We tried to 
evaluate types and mechanisms of MVC-related spinal 
column and spinal cord injuries, risk factors, safety issues 
and legislation.

Data sources: A literature review was performed 
using PubMed from 1966 to 12th April 2010 with the 
following key words: children OR pediatric, spine, 
injury OR trauma, restraint, seat belt, motor vehicle, 
road OR traffic, collision OR crash, safety. Cross 
referencing of discovered articles was also performed.

Results: Risk factors for MVC-related SCI include 
single vehicle crashes, vehicle rollover, and ejection of 
the passenger from the vehicle. Any anatomic region 
of the spinal cord may be injured as a result of MVC 
and may vary according to the type of accident and 
restraint system usage. Increasing use of three-point 
seat belts, which are more protective than isolated lap 
seat belts, has decreased the incidence of MVC-related 
SCI. There is evidence that airbag use without seatbelt 
use is associated with an increased risk of cervical spine 
fractures with or without SCI. Vehicle designers need to 

give more attention to the prevention of vehicle rollover 
and to improve occupant protection when rollover 
occurs.

Conclusions: MVC is a common cause of SCI in 
children; therefore, paying attention to risk factors 
and modes of prevention is important. As MVC-related 
SCI can lead to permanent disability, prevention 
and education play an important role in decreasing 
childrens' morbidity and mortality. Making behavior, 
roads and vehicles safer can significantly reduce MVC-
related SCI in children.
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Introduction

Spinal cord injury (SCI) is a devastating event that 
results in permanent disability for the injured 
child and poses a large financial burden to health 

care systems.[1-5] Traumatic spinal injuries in children 
are uncommon, representing only 1% to 10% of all 
reported spinal injuries. Each year, approximately 1000 
new spinal injuries are reported in children. The true 
incidence of SCI may be underestimated because of 
scene mortality or death in transport.[6]

Motor vehicle crashes (MVCs) are the second most 
common cause of spine fractures after falls[7] and are 
the leading cause of SCI, accounting for 29% of SCIs 
in children.[6] Road traffic injuries are a leading cause 
of disability for children. From a young age, boys are 
more likely to be involved in road traffic crashes than 
girls.[8] Most MVC-related SCI involves occupants 
of light passenger vehicles[9,10] and generally the SCI 
results from injury in the cervical region.[11,12] Usually, 
SCI results from spine fractures/dislocations in MVC. 
Cervical spine injury was identified among 176 of 
6065 children (age 0-15 years) killed in MVCs.[13] 
MVCs can cause a diversity of injuries in pedestrians 
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and vehicle occupants. Fatal and nonfatal trauma to the 
spine can occur from the craniocervical region to the 
lumbosacral junction. The different types of injuries 
result from the specific mechanism of injury and the 
type of disruptive forces applied, including flexion, 
extension, distraction, compression, lateral bending, 
and shear.[14] Alker et al[15] performed a radiographic 
examination of 312 victims of MVC with respect to 
cervical spine injuries. Most fractures/dislocations 
involved the craniocervical junction and the upper 
cervical area. Over half of them were flexion injuries, 
and one-fifth were caused by extension. Winslow et 
al[16] showed that there is a high rate of non-contiguous 
cervical spine and thoracolumbar fractures after blunt 
MVC, and the chance of thoracolumbar fracture is 
doubled in the presence of cervical spine fracture. Not 
surprisingly, injuries that severely narrow the spinal 
canal are more likely to cause complete SCI. Flexion-
rotation injuries in the thoracic and lumbar spine and 
bilateral facet dislocations in the cervical spine are 
more likely to cause complete injuries.[17] Ersmark and 
Lowenhielm[18] suggested that a wider upper cervical 
spinal canal diameter, measured at the atlas, helped 
protect against SCI at this level.

Common types and mechanisms of MVC-
related spinal column and SCI
Cervical spine fracture/dislocation
The cervical spine is considered to be the most 
frequently injured part of the spine following MVC 
in children, particularly in those younger than 8 years 
of age.[19] Among children with spine fractures, the 
incidence of cervical spine fractures is 20%-35% in 
the birth to 8-year-old groups, while it is 70%-80% in 
children over 13 years old.[20] Cervical spine injury was 
identified among 176 of 6065 child MVC fatalities.[13]

However, the type and distribution of spinal 
injuries in young children are different from those 
in adolescents.[21] The larger inertial mass of the 
head in the infant and young child shifts the axis of 
rotation rostrally (to the region around C2-C3), which 
increases the susceptibility of the upper cervical spine 
and craniovertebral junction to extreme flexion and 
extension forces.[19,22] After the age of 9 years, injuries 
tend to be in the middle and lower portions of the 
cervical spine, similar to adults.

A common mechanism of cervical spine injury 
in a belted passenger with a head-on collision is head 
flexion, with the trunk relatively restrained by the seat 
belt.[23] In contrast, the upper cervical spine is forced 
into extension relative to the lower vertebrae during 
rear-end collisions.[24] In side impacts, Maak et al[25] 

demonstrated that multiplanar injuries occur at C3-C4 
through C7-T1 and result in significantly greater injury 
at C6-C7 compared to a rear impact with the head 
facing forward. 

Upper cervical injuries
Upper cervical and craniovertebral junction injuries in 
children younger than 3 years of age are two to three 
times as frequent as that in children of 10-17 years 
old.[20] Cirak et al[6] reported that 46.2% of spinal cord 
injuries occurred at the levels of O-C4 .

Jefferson fracture (C1 lateral mass fracture)
Classically, a Jefferson's fracture is produced by simple 
and symmetric compression of the neck, which is very 
uncommon in children.[20]

Lower cervical fracture/dislocation
Injuries to the cervical spine (C3-C7) occur frequently 
from MVC and sports activities. According to Cirak 
et al,[6] 15.2% of SCIs occurred at the levels of C5-C7. 
Lower cervical and thoracic injuries occur with equal 
frequency in the birth to the 9-year-old groups and the 
10-17 year age groups since maturation at these joints 
occurs much more gradually with age than at the upper 
cervical articulation.[20]

Thoracic spine fractures
Injury to the thoracic vertebral column or spinal cord 
occurred in 9.7% of 145 children who had SCI or 
vertebral column injuries.[6] In a study of 2416 children 
with vertebral fracture and/or neurological injury, 
regardless of gender or mechanism of injury, the 
thoracic spine (T2-T10) was the most common region 
of fracture in pediatric trauma patients.[26]

Thoracolumbar junction injuries (flexion-distraction, 
fracture-dislocation, and compression/burst fracture)
Injury to thoracolumbar junction represented 6.2% 
of spine injuries in children with vertebral column 
injuries.[6] MVC is one of the most common causes of 
thoracolumbar junction (TLJ) injury.[27,28]

Lumbar and lumbosacral spine fracture/dislocation
Lumbar injuries are primarily lesions of adolescence.[20] 
Injury to the lumbosacral vertebral column represented 
22.8% of vertebral column injuries in children.[6] In a 
cohort of pediatric patients, Dogan et al[29] reviewed 
89 patients with thoracic, lumbar, or sacral injuries. 
Their results showed that the L2-L5 region was the 
most frequently injured region, and MVC was the most 
common mechanism of trauma.
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Spinal cord injury without radiological abnormality 
(SCIWORA)
The definition of SCIWORA has evolved with advances 
in imaging. One definition of SCIWORA is an injury 
with positive neurologic findings and negative plain 
X-ray and computed tomography scan but with SCI 
demonstrated on MRI. According to this definition, 6% 
of pediatric SCI patients in one series had SCIWORA.[6] 
SCIWORA is thought to occur mostly in children under 
10 years of age.[6,30-33]

Risk factors
To prevent MVC-related injuries and fatalities, safe 
vehicles, safe traffic behavior, and safe roads are 
needed.[34-36] In single vehicle rollover MVC, the chance 
of SCI was nearly three times higher in non-sedans 
compared with sedans, and the probability of SCI 
was nearly five times higher for sport utility vehicles 
(SUVs) than for sedans.[10] According to these results, 
O'Connor[9] suggested that attention should focus on 
eliminating single vehicle crashes involving rollover of 
non-sedan type cars. 

Different factors may affect the risk of injury 
following a rollover, including seat belt use, seat position 
with respect to the roll direction, the presence of other 
occupants, and the number of rolls.[37] Bahling et al[38] 
performed several rollover and drop tests and concluded 
that augmented roof strength did not reduce neck loads 
for belted or unbelted models. Viano et al[37] showed that 
the presence of another occupant may decrease the risk 
of serious injury to far-seated occupants, i.e., passengers 
seated opposite from the side of impact. Ejection from 
the vehicle involves significantly higher risks for severe 
injury in all MVC types.[39]

Seat position
Three aspects of MVC mechanisms are associated with 
more severe symptoms of whiplash: rear-end collision, 
any subsequent frontal impact, and rotated or inclined 
head position at the moment of collision.[40] Lap belts, 
fixed to the centre seats of old cars, provide some 
protection, but significantly less than three-point belts. 
Seat belt syndrome, consisting of injury to abdominal 
viscera and/or lumbar spine, has been mainly associated 
with lap belts.[41] It has been reported that severe 
injuries to the transverse ligament and the posterior 
atlanto-occipital membrane are more frequent in front-
end than in rear-end MVC.[42] Seat belt use has been 
more effective in preventing severe injury to far-side 
occupants than near-side occupants in <25 mile/hour 
chance in velocity (Delta V) impacts.[43] In the pediatric 
age group, the side impacts resulted in more injuries to 

the head, cervical spine, and chest than frontal impacts.[44]

The Centre for Accident Research and Road 
Safety-Queensland (CARRS-Q), which analyzed over 
30 000 Victorian crash records from 1993 to 2004, 
concluded that in a traffic crash, the risk of fatality 
for children aged 0-12 years was twice as high for 
children in the front seat compared to children in the 
back seat.[45]

In contrast to forward-facing car seat (FFCS), a 
rear-facing car seat (RFCS) supports the child's head, 
preventing the relatively large head from loading the 
proportionately smaller neck. Regardless of the age 
group, RFCS use resulted in a lower risk of injury than 
FFCS use for crashes of all directions.[46]

Restraint use
The rate of use of appropriate child restraints in motor 
vehicles varies considerably across countries from over 
90% in the United States to almost zero in Oman.[8] 
Johnston et al[47] reported that the rate of incorrect use of 
restraints was substantially higher in children. It has been 
suggested that the elevated rate of high cervical spinal 
injuries in children is due to the lack of top tethering 
because these injuries are rarely seen in Australia where 
top tethers are mandatory.[48] Car manufacturers appear 
to give a higher priority to the effectiveness of adult 
restraint rather than restraint of children. Currently, seat 
belt anchorage points are being moved further forward 
to place the lap strap across adult thighs rather than the 
stomach. This makes it more difficult to secure child 
seats safely.[49]

The effectiveness of seat restraints in preventing 
injury is reduced when these are used incorrectly. 
For example, certain serious injuries, such as high 
cervical spine fractures in children and lumbar spinal 
dislocations ('seat belt syndrome') have become more 
common in recent years. Adult lap belt use in children 
has been associated with an increased rate of bowel and 
lumbar spine injuries.[48]

Safety seat use, specifically use of booster seat, 
is uncommon in children of 4-8 years. One national 
survey found that the rate of safety seat use was only 
6.1% in this age group, with 75.3% using lap belts 
prematurely.[50] A study by the National Highway 
Traffic Safety Administration (NHTSA) found critical 
misuses (meaning one or more errors in seat installation 
or usage that could affect seat performance in a crash) 
in 72.6% of all child restraint systems studied.[51]

Safety issues
Safe traffic behavior
Risky driving is an important cause of MVC, but there 
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is a lack of good epidemiological data in this field.[36] 
Risky driving behaviors include "speeding, passing 
violations, tailgating, lane-usage violations, right-
of-way violations, illegal turns, and control signal 
violations, among others".[52] Bina et al[53] showed that 
the most frequent offenses were speeding and failure to 
maintain a safe braking distance. Speeding is the most 
common cause of MVC. 

It has been shown that the risk of spine injury is 
associated with higher speeds, being involved in a head-
on crash or a rollover, and not wearing a seat belt.[53] 
Public education, combined with police enforcement, 
increases compliance with laws. Education and 
enforcement change the attitudes of the public due to 
efforts against high-risk driving behavior.[53] Health 
education alone has generally been an ineffective 
means of changing behavior and decreasing the rate of 
occurrence of injuries.[50]

Safe roads
Making roads safer has done more to decrease MVC 
fatalities and injuries than exhortations to drive 
carefully.[36] Identification of hazardous locations and 
the creation of policies to improve high-risk sites 
including the extension of median barriers to prevent 
passing in hazardous stretches, the creation of lanes 
for passing along rural roads, and building pedestrian 
passageways at crossings have helped to reduce the 
incidence of MVC injuries and fatalities.[35] The same 
recommendations will likely help to reduce the rate of 
MVC-related vertebral column injuries and SCI.

Navin et al[54] reported that road safety engineering 
can play an integral  part  in the prevention of 
whiplash injuries. Several road safety engineering 
countermeasures specifically targeted at rear-end 
collisions have been researched and deployed. These 
countermeasures include simple and affordable 
solutions such as signal visibility enhancements, as well 
as complex and expensive solutions such as intersection 
geometry upgrades.

Safe vehicle
Safety standards for the design of motor vehicles have 
focused on protecting the occupants from contact with 
hard objects or surfaces in the interior of the vehicle. 
Perhaps the most important improvement was the 
introduction of seat belts in passenger vehicles.[41]

Given the small stature of children, poor vehicle 
design is an important risk factor for child road traffic 
injury. The standard design of a vehicle can have 
a major effect on the risk and severity of injuries 
sustained by a child pedestrian, particularly if the child's 
head makes contact with the rigid windshield.[8]

Vehicle configuration
Based on the study of Hu et al,[55] the roof has been 
identified as the major source for head and neck 
injuries. However, changing the roof design alone has 
not been shown to improve rollover safety. Instead, the 
belt restraint systems and passive airbags need to be 
considered to increase rollover occupant protection.

Recent studies suggest that it may be possible to 
improve the kinematics of rear seat occupants in frontal 
MVC using a three-point belt system with a shoulder 
belt retractor equipped with a two-stage force-limiter 
and pretensioner.[56]

Seat belt, airbag and booster seat
Airbags and safety belts are viewed as complements 
to one another for occupant protection in MVCs.[57,58] 
Enhanced protection against vertebral column injury 
is needed for high energy MVCs with large changes in 
velocities (Delta V). The Delta V levels that airbag and 
seat belt use can protect against are higher in frontal 
MVCs than lateral MVCs.[59]

Seat belts
Although the effectiveness of three-point seat belts 
in reducing MVC injuries is well known, restraints 
cannot eradicate all deaths and injuries in MVCs. 
When all MVC types are considered, belt restraints 
are effective in reducing the frequency of injuries and 
deaths.[23] It has been shown that three-point lap and 
shoulder belts, child seats, and booster seats have an 
even greater ability to reduce morbidity and mortality 
than the two-point lap belt. Durbin et al[60] showed that 
belt-positioning booster seats eliminated injuries to the 
spine and abdomen, therefore age-appropriate restraint 
is essential. Although cervical strain or neck pain is 
more frequently seen in occupants using shoulder belt 
than those do not use,[23] it has been shown that using 
three-point lap-shoulder belts will reduce the severity 
of MVC-related SCI.[23,61] It is well documented that the 
frequency of severe injuries in front seat occupants is 
reduced by using three-point belts compared to those 
who do not use seat belts.[23] In summary, the use of 
both seat belt and airbag is associated with decreased 
risk of spine fracture.[62]

In one study, 81% of children with SCI were either 
unrestrained or inappropriately restrained, whereas 
only 25% of those children who died were restrained 
appropriately.[30]

Thoracic or lumbar spine injuries happen in lap-
shoulder belted occupants in frontal-type MVC. When 
the body is decelerated by the lap-shoulder belt, the 
pelvis can rotate beneath the lap belt, flexing the lumbar 
spine. This "submarining'' of the pelvis can cause 
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lumbar or lower thoracic injuries.[23]

Airbag
Airbag use without the simultaneous use of a seat belt 
is associated with a higher incidence of cervical spine 
fractures with or without SCI. Airbag misuse is also 
associated with higher injury severity score, lower 
Glasgow coma scale, and longer intensive care unit and 
total hospital stays.[63]

It is well established that a child occupant who 
is unrestrained or who is too close to an airbag may 
actually be at an increased risk of injury. In fact, due to 
closed head injury, airbag deployment may contribute 
to pediatric occupant mortality even at very low vehicle 
speeds.[13]

Booster seat
Rivara et al[50] reported perceived positive aspects of 
booster seats. These positive aspects were that they were 
easily portable from one vehicle to another, allowed the 
child to see out of the window more easily, and helped 
children get in and out of the car independently.

Legislation
Legislation and enforcement have partially improved 
seat belt and child safety seat usage for the country as a 
whole, but large gaps in usage still remain.[51]

In a vulnerable population, there was no significant 
increase in self-reported appropriate booster seat usage, 
and one must be cognizant of the negative side effect of 
premature graduation to booster seats after the law was 
enacted. In addition, findings showing that poor urban 
children remained sub-optimally restrained despite 
legislation will encourage states to develop targeted 
educational, law enforcement, and economic programs 
directed at this group.[64]

Also, strict laws on drunk-driving should be 
introduced and enforced. Methods include setting lower 
blood alcohol concentration limits for young drivers, 
undertaking sobriety checks or selective breath testing, 
undertaking random breath-testing and raising the legal 
drinking age.[8]

Conclusion
MVC is a common cause of SCI in children; therefore 
paying attention to risk factors and methods of 
prevention is important. There are various factors that 
can increase the risk of MVC-related SCI in children. 
These factors include incorrect use of restraints in 
children and ineffectiveness of seat belts.

As MVC-related SCI can lead to permanent 
disability, prevention and education have an important 
role in decreasing morbidity and mortality in children. 
Making behavior, roads, and vehicles safer can 
significantly reduce MVC-related SCI in children.

Vehicle designers and regulators need to give more 
attention to the prevention of vehicle rollover and to 
improve occupant protection in the event of rollover. 
It is recommended to evaluate more precisely the role 
of different seat positions, types of seat belts, airbags, 
vehicle design including roof structure, and other new 
innovations to help prevent MVC-related vertebral 
column injury.

Finally, we believe that legislation can play an 
important role in the adoption of the above factors.
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Correction

In the article entitled Dying with parents: an extreme form of child abuse by 
Kam Lun Hon (World J Pediatr 2011;7(3):266-268): the order of sex lane from 
the bottom of the table should have been F, F, M, F, M, F, M……


