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Epidemiology, prevention, early management of cervical spine trauma and it's reduction 
are the objectives of this review paper. A PubMed and MEDLINE search between 2009 and 
2019 were conducted using keywords. Case reports, experimental studies, papers other 
than English language and and unrelated studies were excluded. Up-to-date information on 
epidemiology of spine trauma, prevention, early emergency management, transportation, 
and closed reduction were reviewed and statements were produced to reach a consensus in 
2 separate consensus meeting of World Federation of Neurosurgical Societies (WFNS) 
Spine Committee. The statements were voted and reached a positive or negative consensus 
using Delphi method. Global incidence of traumatic spinal injury is higher in low- and 
middle-income countries. The most frequent reasons are road traffic accidents and falls. 
The incidence from low falls in the elderly are increasing in high-income countries due to 
ageing populations. Prevention needs legislative, engineering, educational, and social ef-
forts that need common efforts of all society. Emergency care of the trauma patient, trans-
portation, and in-hospital acute management should be planned by implementing detailed 
protocols to prevent further damage to the spinal cord. This review summarizes the WFNS 
Spine Committee recommendations on epidemiology, prevention, and early management 
of cervical spine injuries.

Keywords: Spine trauma, Cervical spine injury, Spinal immobilization, Patient transporta-
tion, Closed reduction, Cervical facet dislocation

INTRODUCTION

Spinal cord trauma includes several types of spinal cord inju-
ry (SCI), spinal nerves, bone, and disco-ligamentous structures 
of the spine. The injuries may be secondary to closed trauma or 
penetrating trauma and may involve high and low energy mech-
anisms. Spinal injuries can lead to instability, pain and impaired 
mobility, and neurological damage often results in complete or 
partial paralysis.

Cervical spine and SCI are relatively rare conditions. Howev-
er, the repercussion of traumatic SCI may be drastic and lead to 

substantial handicap.1 SCI can be a severe pathology that results 
in motor and sensitive involvement and generates a significant 
impact on the patient’s psychosocial, mental, and social life. 
Learning epidemiology, reasons of trauma would lead to pre-
pare preventive measures. Prevention needs legislative, engi-
neering, educational, and social efforts that need common ef-
forts of all society. Other than this, emergency care of the trau-
ma patient, transportation, and acute in-hospital management 
should be planned by implementing detailed protocols to pre-
vent further damage to the spinal cord and roots.
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METHODS

A search in PubMed/MEDLINE carried out this review. All 
papers published during the last 10 years (2009 and 2019) were 
considered for inclusion. The literature search was done sepa-
rately using keywords “spinal cord injury epidemiology,” “spinal 
cord injury prevention,” “spinal cord injury transportation,” 
“spinal cord injury emergency care,” “cervical closed reduction.” 
Subsequently, full-text articles were screened for eligibility. Case 
reports, experimental studies, papers other than English lan-
guage, and papers older than 10 years were excluded.

Using the keywords “cervical spine fracture and closed re-
duction” we found 140 papers. After extracting documents be-
fore 2010, papers in languages other than English, and unrelat-
ed papers, 17 articles remained and evaluated.

The authors (MZ, EOF, NK) independently identified the 
relevant studies based on the title and abstract. The first con-
sensus meeting was done on June 1, 2019, in Moscow. A re-eval
uatiıon meeting was done in November 13, 2019 in Peshawar, 
Pakistan. The authors prepared statements covering different 
aspects of the SCI and cervical spine trauma based on the liter-
ature review. A presentation based on the literature review and 
the prepared statements was subjected to discussions, followed 
by the voting process by the WFNS Spine Committee members 
using the Delphi method. Answering to the questionnaire each 
expert voted for all of the statements grading every item on a 
5-point scale according to Delphi method: 1 = total disagree-
ment, 2 = disagreement, 3 = agreement, 4 = more than agree-
ment, 5= total agreement. Consensus is reached when the sum 
of items “1”+“2” or “3”+“4”+“5” exceeds 66%. We called a neg-
ative consensus if 1–2> 66%, positive consensus= 3–4–5> 66%, 
nonconsensus = 1–2 or 3–4–5 < 66%. The recommendations 
were prepared from those statements after a consensus meeting.

1. Epidemiology of Spine Trauma
The world’s incidence has an increasing trend with an esti-

mated annual rate in 10.4–130.6 cases per million despite exist-
ing prevention measures. The incidence of SCI varies between 
20.7 to 80.0 cases in the United States and 8.0 to 130.6 cases in 
Europe per million a year.2 Studies have shown annual costs of 
up to 2.67 billion dollars.2 This pathology’s economic burden 
includes rehabilitation services, personal assistance, loss of pro-
ductivity due to disability, and social isolation.

Epidemiological data shows great variations in different areas 
of the world. Data in Latin America comes mainly from Brazil, 
with a reported incidence of 12.6 per-100,000 inhabitants.3 The 

average age in patients with SCI was 39.8 years. They tend to be 
older in the western pacific region and younger in the United 
States and Canada. Men are the most affected with a ratio of 
men/women of 3.37.

Injuries are more frequent in the cervical spine (46.02%) and 
less prevalent in the lumbosacral spine (24%). Milby et al.4 have 
performed a meta-analysis of 65 reports with a total of 281,864 
subjects. Their analysis showed an overall prevalence of cervical 
spine injury (CSI) in all trauma patients as 3.7% (209,320 pa-
tients).4

Traffic accidents are the most common (39.5%) mechanism, 
followed by falls (38%). However, there are differences between 
different regions. For example, falls are the most common mech-
anism in low-income countries (54%), and sports-related inju-
ries are rare in middle-income countries (2.1%).3 Fredø et al.5 
have performed an observational cohort study, analyzing the 
incidence of traumatic cervical spine fractures in the general 
population. They reported a rate of 12 cases per 100,000 resi-
dents per year with a male predominance and injury due to falls 
(60%) as the most common trauma mechanism. The next most 
common mechanism of injury is motor vehicle accidents at 21%. 
They observed SCI in 10% of cases.5

A global data survey by Wyndaele and Wyndaele6 reported a 
SCI incidence of 10.4 to 83.0 and a prevalence of 233 to 755 per 
1 million populations. The authors conclude that most patients 
with SCI are young males in their thirties with severe neurologic 
deficits, commonly complete or incomplete paraplegia.6 O’Con
nor7 predicted a 143% increase in SCI cases with incomplete 
tetraplegia, from 88 cases per year in 1997 to 214 cases per year 
in 2021.7

Reported mortality attributed to SCI is between 0% and 60%.3 
The average in high-income countries is 15.4% unlike 3.8% in 
middle-income countries. The number of patients requiring 
surgical intervention is between 36.4% and 59% in the different 
regions of the world (Fig. 1).3

Mortality is also higher in SCI patients due to traffic acci-
dents 2:1. SCI related to falls in high-income countries tends to 
be related to falls in the elderly, while in low-income countries, 
it falls at work. For example, in reports from Pakistan and Ne-
pal, the vast majority of SCI for falls occurred in people work-
ing on trees, roofs, or balconies.

SCI can be devastating and associated with an increase in the 
length of stay, need for continued care after discharge, and mor-
tality compared to patients without this injury.

Although there was a somewhat increased risk for patients 
involved in motor vehicle crashes, falls, and age older than 40, 
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there was no greater independent risk for patients with head 
injuries or facial fractures.8 The pelvic fracture was a significant 
independent risk factor that increased the risk of CSI 9 times. 
The combinations of risk factors such as the fall and pelvic frac-
ture, head injury, and pelvic fracture resulted in a 15-fold high-
er risk of CSI. Patients with these predictor combinations have 
a high risk of CSI and merit further monitoring. These combi-
nations of risk factors could also be used to improve pre-test 
probabilities to use diagnostic tools better and improve diag-
nostic performance.8

2. Etiology of Spine Trauma
Based on current evidence, the 3 most common mechanisms 

are traffic accidents, falls, and violence. In Brazil, South Africa, 
and the United States, SCI incidents due to violence are 42%, 
25%, and 11.7%, respectively, mainly due to penetrating trauma 
from a firearm projectile. Some countries such as Norway, Aus-
tralia, and Canada reported less than 2% of SCI associated with 
firearm trauma. In countries such as Finland and Israel, SCI as-
sociated with suicide occurs up to 10%. The United States and 
Canada report the highest rate in SCI associated with sports 

with 8%.8

SCI related to occupational accidents is reported in at least 
15% of all SCI cases. The use of alcohol or drugs has been iden-
tified as an associated factor in 34% of all SCI cases associated 
with traffic accidents.3

3. Prevention of Spinal Cord Trauma
Prevention must be the first aim since disability resulting from 

SCI can be devastating for both patients and society. Some of 
the data below for the prevention of SCI are taken from the World 
Health Organization recommendations and the International 
Spinal Cord Society published in 2013.9

1) Road traffic accidents
Certain conditions risk road traffic accidents. Prevention 

should start with different accident levels such as crash preven-
tion, injury prevention during the crash, and postcrash life-sus-
taining (Table 1). The impact of traffic accidents can be reduced 
by measures below:9

• �Enforcing appropriate laws for drink-driving, fatigue, speed-
ing, seat-belt, and helmet use.

Fig. 1. Annual incidence of traumatic spinal injury is illustrated by World Health Organization (WHO) region on the left. The 
burden of traumatic spinal injury is shown by WHO region and income region on the right. Reprinted from Kumar et al. World 
Neurosurg 2018;113:e345-63, with permission of Elsevier.3
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• �Correctly used 3-point seat-belt systems prevent severe head 
strikes against interior vehicle structures, which are associ-
ated with tension-flexion injuries, avoid ejection from the 
vehicle, and effectively reduce thoracolumbar injuries.

• �Enforcement, coupled with behavioral interventions such 
as seat-belt reminder systems, has been shown to ensure 
high seat-belt use levels.

• �Child restraint systems according to the child's age and wei
ght are essential in decreasing the risk of injury to infants 
and children. They are preferable to 2-point lap-belts, which 
have been associated with thoracolumbar and abdominal 
injuries.

• �Engineering safety measures, such as airbags, restraint sys-
tems, and road design. Electronic stability control within 
cars, i.e., a computerized technology that improves the safe-
ty of a vehicle’s stability by detecting and reducing skidding.

• �Standards for the design of vehicle seating that specify height 
requirements for head restraints, as well as high-level seat 
design, can lessen the probability of cervical spine soft-tis-
sue sprains, i.e., whiplash-type injuries.

• �Motorcycle helmets can prevent traumatic brain injury (TBI). 
But, their role in preventing cervical spinal cord injuries is 
unclear.

• Educating the public about road safety.
• �Barrier systems and road shoulder sealing inroads to pro-

mote safe road edges.

2) Falls
The second most common reason for SCI is the falls. Four 

patterns resulting in SCI have been recognized: (1) falls from 

the same height, such as playing sports, stumbling over a car-
pet, (2) falls from less than one-meter heights, such as falling 
downstairs, falling off a short wall; (3) falls from a meter high 
or more, for instance, falling from a building or a horse; (4) be-
ing hit or crushed by a falling object, for example, cranes, scaf-
folding, stairs. Many serious falls occur while working or play-
ing a sport, or in unsafe homes or residences. In homes, falls 
can occur on the stairs. Fall from stairs is principally frequent 
amongst the elderly and the children.

Preventing falls can be enhanced by adjustments to older peo-
ple’s living environments, such as the removal of clutter, loose 
rugs and bumpy surfaces, and the provision of good lighting, 
railings and appropriate level seats, toilets, and beds. Programs 
to evaluate balance can detect those at risk and lead to the ap-
plication of procedures to enhance stability and prevent falls, 
such as exercise classes. Provision of suitable aiding devices, 
such as walkers, and training users in its use and maintenance 
are also helpful.9

Fall prevention involves adapting the environment, placing 
laws and regulations, teaching the population about risks, and 
providing immediate postfall treatment.

3) Violence
One of the most common causes of spinal cord injuries is fire-

arms, either for assaults, self-harm, or involuntary shooting. Sub-
Saharan Africa has the highest reported amount of SCI related 
to violence in the world (38% of all cases of SCI). Other than 
firearms, knives and other sharp objects can be used. Bomb ex-
plosions can also cause spinal cord injuries.9

Restricting firearms legislation and lesser firearms ownership 

Table 1. The Haddon matrix applied to road traffic injury prevention

Phase
Factors

        Human Vehicles and equipment Environment

Precrash Crash prevention Information Roadworthiness Road design and road layout

Attitudes Lighting Speed limit

Impairment Braking Pedestrian facilities

Police enforcement Handling

Speed management

Crash Injury prevention  
during the crash

Use of restraints Occupant restraints Crash-protective roadside objects

Impairment Other safety devices

Crash-protective design

Postcrash Life-sustaining First-aid skills Ease of access Rescue facilities

Access to medics Fire risk Congestion

Adapted from Haddon W Jr. Public Health Rep 1980;95:411-21.52
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tend to have lower levels of gun violence. In countries such as 
Australia, Austria, Brazil, and New Zealand, restricting firearm, 
licensing, and bans, the minimum age for purchasing, background 
checks, have been policies that seem to be effective. Findings in 
Colombia and El Salvador indicate that the prohibition of car-
rying firearms in public could reduce homicide rates. Besides, 
multidimensional strategies are needed to reduce demand for 
guns, such as dissuading vulnerable youth from gang member-
ship.9

4) Sport and recreation-related injuries
Several sports and recreational activities have caused SCI. Ac-

cording to research, sports injuries worldwide account for be-
tween 7%–18% of all SCI.9

Diving can cause neurological complications, which results 
in tetraplegia, and an injury at the level of C4 represents the most 
common form of diving injury. Diving-related SCI is connected 
to a lack of diver awareness and education, jumping into shal-
low water (1.5 m or less), lack of strong indicators and safety 
regulations, characteristics of the upslope in swimming pools, 
and alcohol consumption. For example, 63% of SCI in-ground 
pools in Canada resulted from the diver striking the upslope 
between the deep and shallow ends of the pool.9 Some sugges-
tions to reduce the SCI related to diving are: (1) Establish guide-
lines for private and public pools to promote diving safety; (2) 
Pool safety emphasizing the dangers of diving and head-first 
entry into shallow water; (3) Individuals in schools and com-
munities should be educated with evidence and a broad approach 
about water safety.9

4. �Transportation and Immobilization of Patients With 
Cervical Spine Trauma
Prehospital immobilization of the cervical spine is common-

place in modern spinal injury management and has largely been 
unchanged for the last decades. It is a standard procedure and 
is highly recommended in the overwhelming majority of nation-
al and international trauma care guidelines and emergency med-
ical service (EMS) protocols.10-13

The primary concern during initial EMS management in 
cases of potential cervical spine trauma is to prevent secondary 
injury due to possible pathologic motion of the injured spine 
during patient transportation and medical treatment. About 
3%–25% of secondary spinal cord injuries occur either during 
transit or early management.1,14

The idea of reducing the risk of neurologic deterioration by 
immobilizing the patients using a rigid cervical collar and a hard 

backboard was first postulated in the 1960s. Since then, this strat-
egy was implemented and remained an integral part of many 
EMS worldwide.1,11

Prehospital spinal immobilization is a prioritized procedure 
in the Advanced Trauma Life Support (ATLS) guidelines from 
the American College of Surgeons15 and in the Prehospital Trau
ma Life Support (PHTLS®) guidelines from the National Asso-
ciation of Emergency Medical Technicians.16 These guidelines 
dominate the field of EMS care, and are utilized in almost 60 
countries.11

The updated Guidelines for the Management of Acute Cervi-
cal Spine and Spinal Cord Injury published in 2013 by the Amer-
ican Association for Neurological Surgeons (AANS) and the 
Congress of Neurological Surgeons (CNS) Joint Guidelines Com-
mittee17 provided 112 evidence-based diagnostic and treatment 
recommendations (77 level III, 16 level II, and 19 level I recom-
mendations). The majority of these recommendations are level 
III.11

Although spinal immobilization and motion restriction is 
performed ubiquitously by EMS practitioners and millions of 
patients with cervical spine trauma are outfitted with a collar, in 
recent years a growing body of evidence indicates a need to re-
consider the routine use of cervical collars and rigid backboards 
in prehospital trauma care.1,11-13

1) Cervical spine immobilization
The ATLS and PHTLS guidelines recommend considering 

CSI or SCI in all patients with multiple injuries and limiting 
these patients’ spinal motion to protect the spine from further 
damage until spine injury has been ruled out. It is also essential 
to have in mind that not all patients need immobilization and 
that excessive manipulation and inadequate restriction of spinal 
motion can cause additional neurological damage and worsen 
the patient’s outcome.15,16

Exclusion of spinal trauma can be straightforward in patients 
without neurological deficit, pain, or tenderness along the spine. 
If there is no evidence of intoxication or additional painful in-
juries, this virtually excludes significant spinal injury. The pos-
sibility of cervical spine injuries may be eliminated special tri-
aging tools, lite the National Emergency X-radiography Utiliza-
tion Study (NEXUS) tool or the Canadian C-Spine Rule (CCR) 
which will be discussed later.15

Evaluation of patients with various degrees of depressed level 
of consciousness is more complicated and requires appropriate 
radiographic imaging to exclude spinal injury. If the images are 
inconclusive, the spine's motion restriction is performed until 
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further testing can be done. It is worth noting that the presence 
of a cervical collar and backboard can provide a false sense of 
security. If the patient is not appropriately immobilized, spinal 
motion is still possible.15

The 2 most commonly used triaging tools are the NEXUS 
tool or the CCR. Both the NEXUS and the CCR originally were 
developed to decide if a trauma patient needs radiographic im-
aging to diagnose spinal injuries in the hospital setting.1 In 2011, 
the CCR was revised and updated for the prehospital settings to 
decide if a patient needs cervical immobilization.11 Both tools 
are commended by the ALTS and PHTLS guidelines.15,16

Stiell et al.18 performed a multicenter prospective analysis of 
the use of the CCR and reported that it is an accurate and reli-
able tool and can prevent prolonged and uncomfortable immo-
bilization for many trauma patients.

In 2019, Maschmann et al.1 modified the above-mentioned 
triaging tools. To reduce overtriage and unnecessary spinal im-
mobilization, they proposed dividing trauma patients into 3 
groups: group 1, with no need for stabilization; group 2, with 
stabilization on a vacuum mattress; and group 3, in need of time-
critical stabilization. The authors suggested their spinal trauma 
decision algorithm based on clinical findings.1

Studies published in recent years report various associated 
risks and hazardous effects related to spinal immobilization and 
call to end this routine practice. The reported risks include pain, 
increased intracranial pressure, the formation of pressure ulcers, 
increased difficulty of clinical examination, prolonged prehos-
pital on-scene time, difficulty in performing vital procedures 
like endotracheal intubation, incorrect placement of cervical 
collars, and risk of fracture displacement in the elderly.1,12,13

Chendrasekhar et al.19 reported that pressure-related ulcers 
after cervical collar placement correlate with the duration of 
cervical immobilization. Kolb et al.20 said an association between 
cervical spine immobilization using rigid collars and elevated 
ICP, noting a modest to a significant rise in intracranial pres-
sure (ICP) which should be considered in patients with associ-
ated TBI. It should always be kept in mind when assessing the 
need for a cervical collar, that approximately 5% of patients 
with TBI have an associated spinal injury, and about 25% of pa-
tients with spinal injury have at least a mild TBI.14,15,21

The AANS/CNS Guidelines for the Management of Acute 
Cervical Spine and Spinal Cord Injury list clinical criteria to se-
lect appropriate patients for spinal immobilization:14 (1) spinal 
pain or tenderness, including any neck pain with a history of 
trauma, (2) significant multiple system trauma, (3) severe head 
or facial trauma, (4) numbness or weakness in any extremity 

after trauma, (5) loss of consciousness caused by trauma, (5) If 
the mental status is altered (including drugs, alcohol, trauma) 
and no history is available, or the patient is found in a setting of 
possible trauma (e.g., lying at the bottom of stairs or in the street); 
or the patient experienced near-drowning with a history or prob-
ability of diving, and (6) any significant distracting injury.

Gather et al.22 reported that the overwhelming majority of 
German national level I trauma centers (around 98%) immobi-
lize the cervical spine using a cervical collar.

The general recommendations for cervical immobilization 
are: all patients with suspected SCI should be immobilized, and 
patient triage on the scene should be performed by trained emer-
gency medical personnel. In patients with no signs of cervical 
trauma, immobilization is generally not recommended. Spinal 
immobilization in patients with penetrating trauma is not rec-
ommended because of increased mortality from delayed resus-
citation. The cervical collar should not be removed before a neu-
rologic assessment of the cervical spine, including palpation 
with voluntary movement in all planes, have been performed 
and found to be not related to injury.14 Patients should be im-
mobilized with a combination of a rigid cervical collar and sup-
portive blocks on a backboard with straps.14

2) Patient transportation
Transportation of a patient with suspected cervical trauma 

can be a genuinely challenging task. The EMS has various med-
ical devices like the long spine board, vacuum mattress, soft 
stretcher, trauma mattress, and the Pharaoh mattress. The ad-
vantages and disadvantages of one over another continue to be 
a topic of debate.22,23

The ATLS, PHTLS, and AANS/CNS guidelines recommend 
using the spine board with supportive blocks and straps as an 
effective patient transportation method. Immobilization with 
sandbags and tape is not recommended.15-17

Although the dangers of excessive spinal motion have been 
well researched, prolonged immobilization of patients on a spine 
board can be hazardous, causing severe pain and discomfort in 
conscious patients, possible severe decubitus ulcers, and respi-
ratory compromise. It is recommended that long spine boards 
be used only during patient transportation, and every effort 
should be made to remove patients from spine boards without 
unnecessary delay.15

Nolte et al.24 conducted a biomechanical analysis of immobi-
lization techniques performed in a standardized setting. The 
authors’ primary analysis endpoint was the cervical range of 
motion of a participant immobilized using a spine board with 
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or without a cervical collar, a vacuum mattress with or without 
a cervical collar, and a minimal immobilization technique us-
ing an ambulance cot and pillows. The vacuum mattress was 
analyzed in 2 settings -straight and inclined (30°). Nolte et al.24 
concluded that the best spinal motion restriction during trans-
portation is achieved using the spine board, and it should be 
used if the distance to the trauma center is short. The patient is 
better transported on a vacuum mattress with a cervical collar 
and head blocks to avoid pain and possible ulcers when longer. 
If the patient is suspected of having TBI, the vacuum mattress 
should be elevated to 30°, and cervical collar should be avoided. 
Minimal immobilization is recommended only if the patient is 
unstable (e.g., shock).24

Similar data were reported by Rahmatalla et al.25 noting the 
long spine board and vacuum matters combined with the cer-
vical collar as the most effective.

Gather et al.22 performed a survey-based analysis of currently 
used spinal immobilization in 107 level I trauma centers in Ger-
many. Approximately 39% of the time, patients in the acute phase 
were transferred to a soft stretcher. The transfer was most often 
done using the log-roll technique with the aid of a sliding or 
rolling board. However, this could cause significant movement 
of the spine. The use of the recommended lift-and-slide meth-

od is, however, much more difficult. The respondents rated the 
soft stretcher as the worst spinal immobilization device.22 Re-
spondents were most satisfied with the use of a spine board. As 
described in the literature, the disadvantages of using the spine 
board did not justify ruling it out in the initial phase of acute 
treatment. It must be ensured that the patient's time-consuming 
immobilization on the spine board does not lead to relevant 
delays in subsequent diagnostics and therapy.22

The general recommendations for patient transportation are 
using a long spine board as the most effective method of restrict-
ing spinal motion during transportation.

A group of German authors have produced a spinal immobi-
lization protocol in adult trauma patients and searched for its 
applicability in emergency care providers.26 They have called it 
the Emergency Medicine Spinal Immobilization Protocol (E.M.S. 
IMMO Protocol) (Fig. 2).

Prehospital immobilization in children with potential acute 
SCI can show significant variability. Kim et al.27 have investigat-
ed the type of immobilization in children in different age groups. 
They reported that full spinal immobilization could be applied 
to older children more uniformly. It was not that easy at young-
er ages, and one-quarter of the children younger than 2 years 
were not immobilized at all.

Fig. 2. Emergency Medicine Spinal Immobilization Protocol (E.M.S. IMMO Protocol). Reprinted from Kreinest et al. Scand J 
Trauma Resusc Emerg Med 2016;24:71, under the terms of Open Access.26
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5. Early Reduction of Cervical Spinal Dislocations
Dislocation of cervical facets after trauma commonly cause 

spinal canal narrowing and neurologic deficits.28 The incidence 
of neurological deficits is higher if there is bilateral facet dislo-
cation.29,30 The most common levels of dislocation are C5–6 and 
C6–7.31,32 If the reduction and decompression of the spinal ca-
nal are not provided, ischemia, edema, and production of free 
radicals will cause secondary injury resulting in permanent def-
icits of the patient.33,34

There is no doubt that immobilization of the cervical spine 
must be provided as soon as possible, as well as normal align-
ment must be provided either with closed or open (surgical) re-
duction techniques.

Closed reduction of the cervical spine using head traction 
has been used for many years and reported as an effective treat-
ment for many cervical facet dislocations.33,35 Closed reduction 
using skull tongs can cause a spinal cord decompression and 
achieve a normal alignment of the spine.36 There are also some 
reports that if the reduction is achieved early enough, the neu-
rological improvement will be more.37

However, many papers report that closed reduction attempts 
cannot be successful in all cases. Besides, even after a closed re-
duction, open surgery with stabilization of the dislocated level 
is necessary. Since closed reduction requires close neurologic 
monitoring, imaging to monitor progress is not always feasi-
ble.36 Some surgeons prefer to make an open reduction and sta-
bilization surgery at the same sitting for those reasons. There is 
still a controversy about performing a closed reduction com-
pared with open surgical reduction and fixation.38

Reduction after cervical trauma is necessary in case of dislo-
cated facets. Two techniques can achieve it:

1) Closed reduction
It should better be done under fluoroscopy in the operating 

room by an experienced spine surgeon. Patient relaxation is rec-
ommended. Obtunded patients and patients having problems 
communicating should better not go to closed reduction. Closed 
reduction should be performed as early as possible. Most sur-
geons perform a closed reduction just before the surgery.

Closed reduction using axial traction with tongs may have 2 
consequences: If the reduction occurs with lower weights, it 
means the facets are fractured, and good alignment will be achi
eved easily. However, if too many weights are necessary, a re-
duction is severe, we must predict for locked facets, at least one 
facet is locked (Fig. 3). If the trauma is not acute, the closed re-
duction is also difficult.

2) Open reduction
Some surgeons prefer it as the first procedure. Some others 

apply an open reduction in case a closed reduction is not possi-
ble. Then a decision for 2 options must be made: anterior or 
posterior reduction and fixation.

In acute trauma cases, immediate anterior decompression is 
preferred by most spine surgeons. An anterior open reduction 
with a distractor is performed. Caspar vertebral body pins and 
distractor is a useful adjunct at this point. The reduction can be 
achieved with this technique in most of the locked facets. If an 
anterior open reduction may not be achieved in rare instances, 
a posterior open reduction must be followed.

If the surgeon prefers primary open posterior reduction, a 
preoperative magnetic resonance imaging (MRI) is necessary 
to exclude herniated disc material.

3) Closed vs. open reduction
The decision to perform an open or closed reduction is most-

ly dependent on 2 factors.38

(1) Safety
Patient monitoring during a closed reduction process is nec-

essary, since overtraction or other pathologies may cause fur-
ther neurologic deficits. After a closed reduction in awake pa-
tients, the incidence of permanent neurological complications 
is approximately 1%, transient injury 2%–4%.28

Closed reduction in an awake and alert patient can be con-
sidered as a safe procedure. A closed reduction attempt is not 
safe in an obtunded or intubated patient. The case report by 
Eismont et al.39 suggests that closed reduction is unsafe in a pa-
tient with a decreased conscious level.

Prereduction MRI has been recommended by some authors 
to exclude a significant anterior space-occupying lesion. How-
ever, the exact definition of a critical anterior mass or disc frag-

Fig. 3. Cervical traction and condition of the facets.
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Closed reduction attempt using traction

If facets are fractured If one facet is intact 
(locked facet)
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ment is lacking. Besides, performing a magnetic resonance im-
age in an acute cervical trauma patient after a computed tomog-
raphy (CT) scan may not be feasible in an emergency setting. 
Moreover, multiple transfers of the patient in radiology depart-
ments without skull traction may cause more risks.

If a closed reduction fails, it should be followed with an open 
reduction. An open reduction with or without a decompression 
should be considered. If the surgeon's choice is a posterior open 
reduction, it should better be done after an MRI is obtained.

(2) Feasibility of a closed reduction
The CT scans can nicely show if there are fracture(s) of facets 

and the facets' locked position. As mentioned before, closed re-
duction will be difficult, even impossible in case of at least one 
locked facet and no fracture. In fact, closed reduction in facet 
dislocations has been successful in approximately 50% of the 
patients.40,41

There have been 2 recommendation efforts for closed reduc-
tion of cervical dislocations. One of them is the “Guidelines of 
Joint Section on Disorders of the Spine and Peripheral Nerves 
of AANS and CNS” and published in 2013.28 They recommend 
an early closed reduction of cervical spinal fracture-dislocations 
with traction. But, for the patients with an additional rostral in-
jury, closed reduction should not be applied. In case the patient’s 
mental status is altered or if the closed reduction has failed, be-
fore any open surgical reduction MRI is recommended.

The other recommendations come from the “Spine Section 
of the German Society for Orthopedics and Trauma” and pub-
lished in 2018.42 They have defined the treatment option of cer-
vical spine injuries according to AOSpine classification.43 Facet 
injuries have 4 grades. F4-Injuries (Subluxation or Perched/Dis-
located Facet) also contain unilateral or bilateral locked facets 
that require a safe reduction without neurological deficits. They 
also recommend a closed reduction under fluoroscopy by an 
experienced spine surgeon in the operating room as early as 
possible. Patient relaxation can facilitate reduction. In case a 
closed reduction cannot be achieved, immediate anterior de-
compression and an open reduction attempt with a distractor 
should be done. If an anterior open reduction is not successful, 
it must be followed by an open posterior approach. If the sur-
geon's preference is to make an open dorsal reduction, a preop-
erative MRI must be taken to see if there is a herniated disc.42

(3) Publications defending closed reduction
In a retrospective study41 examining 15 patients with a cervi-

cal fracture-dislocation performing immediate closed reduc-

tion without obtaining a prereduction MRI, there were 6 fail-
ures (43%) that have gone open surgical reduction and stabili-
zation. They have done 3 anterior only, 3 posterior only, and 9 
combined anteriorposterior approaches after reduction attempts. 
They report that in 57% of patients placed in traction, the re-
duction was possible.

In another retrospective study involving 110 cases with facet 
fractures,40 closed reduction after analgesic and anxiolytic med-
ications were attempted. Lateral radiographs were taken with 
every increment of weight, starting with 4.5 kg. In awake pa-
tients, they have monitored physical examinations; in obtunded 
patients, they have monitored somatosensory evoked potentials 
(SEPs). 

Increments were increased until a maximum of 23 kg of trac-
tion. If 50 lb failed, they have transitioned to open reduction. In 
cases with facet fractures without jumped facets (65 cases, 60%), 
they have not attempted a closed reduction. The authors report 
that the rate of successful closed reduction was significantly high-
er in incomplete motor deficits (5 of 5) than complete motor 
deficits (2 of 11). They have concluded that closed reduction 
should be attempted in patients with good motor examinations; 
however, those with significant deficits may benefit from earlier 
surgical intervention.40

Miao et al.44 have preferred closed reduction under general 
anesthesia with monitoring and fluoroscopic guidance in 24 
patients; 16 unilateral, 8 bilateral facet dislocation. They have 
started with 5-kg weight, increased at a rate of 1 kg per 10 min-
utes until they reach a maximum of 15 kg. Then, they have done 
an immediate anterior and posterior stabilization.

A report from Stoke Mandeville Hospital in the United King-
dom45 has used the so-called rapid incremental closed traction 
reduction for cervical facet dislocation and SCI patients. Among 
16 patients, the success rate of the closed reduction was about 
44%.

Some surgeons have used different closed reduction techni
ques. A study by Wang et al.46 describing a reduction technique 
for treating unilateral locked facets is using a Z-shape elevating-
pulling reduction through a halo-vest and awake condition. Af-
ter reduction, only anterior cervical decompression and inter-
nal fixation were performed. The same authors have then per-
formed a multicenter study in 63 patients with locked facets.47 
Z-shape elevating-pulling reduction (n= 20) or traditional skull 
traction reduction (n= 43). The success rates were significantly 
better in the Z-shape elevating group (87.5%) than in the skull 
traction group (35.3%) for unilateral locked facet reduction.
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(4) Publications defending open reduction
Gattozzi et al.48 have used early ventral surgery without trac-

tion in all cases with facet dislocation. In 36 patients who have 
gone early (24 hours) surgery, traction was done after anesthe-
sia induction, then under fluoroscopy, if not reduced, a Cobb 
elevator placed in disc space used for anterior open reduction. 
Then, an anterior graft and plate were placed.

Zhou et al.49 have reported 2 cases that unilateral locked fac-
ets could not be reduced by closed traction, and they have done 
a posterior, anterior surgery.

Shimizu et al.50 have described a method to reduce the uni-
lateral locked facet by a percutaneous technique under fluoros-
copy, then immediate anterior fusion and plating. This approach’s 
aim was explained to save the extensive posterior muscle dis-
section and reduce postoperative axial pain.

Another issue is the success rate of closed reduction, which 
has been reported approximately 50%.40,41,45 In a meta-analysis 
by Kepler et al.51 for cervical facet fractures involving 11 studies 
and 368 patients, closed reduction was successful in 56.4% of 
patients. However, an open reduction was successful in 94.9% 
of patients. Anterior versus posterior surgery success rates were 
also compared, and anterior approaches had a 90.5% rate of 
maintenance of reduction, while it was 75.6% rate for the poste-
rior approach.

An algorithm for the surgeon’s choice of closed or open re-
duction options is given in Fig. 4.

CONCLUSION

Traumatic spinal injury is a major source of morbidity and 
mortality throughout the world. It is estimated that 780,000 peo-
ple have a traumatic spinal injury each year. Compared with 

high-income countries, the proportion of patients with a trau-
matic spinal injury with SCI is higher in low-and-middle-in-
come countries. Partly preventable mechanisms, including road 
traffic accidents and falls, are the leading causes of traumatic 
spinal injury globally.

The optimal technique for immobilizing and transporting 
patients with cervical spine trauma continues to be a problem. 
Although there is a tendency in current literature to question 
the traditional methods, they are an effective and time-tested 
practice to prevent secondary SCI. They are supported by years 
of cumulative clinical experience. The practice of using a cervi-
cal collar and long spine board is effective and offers the best 
motion restriction, but should be used only when indicated and 
not routinely. All the benefits and risks of immobilization should 
be considered in every individual situation.

RECOMMENDATIONS

Recommendations for Epidemiology of Spinal Trauma
*�Global incidence of traumatic spinal injury is 10.5 cases per 
100,000 persons in new cases annually. The incidence is high-
er in low- and middle-income countries. The most frequent 
reasons are road traffic accidents and falls.

*�The incidence of traumatic SCI from land transport increas-
es in low-income countries due to transition to motorized 
transport, inadequate infrastructure, and regulatory chal-
lenges.

*�The incidence from low falls in the elderly is increasing in 
high-income countries due to ageing populations.

Recommendations for Prevention of Spine Trauma
*�The best intervention for the prevention of SCI associated 
with road traffic crashes comprise:

  • �Legislating and enforcing drink-driving laws (including a 
blood alcohol concentration limit of 0.05 g/dL for all road 
users

  • Use of head restraints
  • Use of seat-belts and use of child passenger restraints
  • Setting and enforcing speed limits
*�The best intervention for preventing SCI associated with road 
traffic crashes of 2-wheelers comprises:

  • Motorcycle helmets
  • Daytime running lights for motorcycles
  • �Road designs that separate pedestrians and two-wheelers 

from cars and heavier vehicles. Area-wide traffic calming 
measures

Fig. 4. An algorithm for the surgeon’s choice of closed or open 
reduction options.

Dislocated gacets 
Surgeon’s choice 

Closed reduction attempt

Success SuccessFailed Failed
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Anterior open reduction
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  • Graduated driver licensing systems
*�The prevention of SCI related to falls comprise the following 
interventions:

  • �Floor clear of clutter and loose rugs, provision of good 
lighting, hand-rails and appropriate level furniture, win-
dow guards in high-rise buildings, barriers on roofs

  • �Safe harvest equipment. Use wheelbarrows instead of car-
rying loads on the head.

*�The prevention of SCI related to sports injuries comprise the 
following interventions:

  • Mandatory safety training for coaches and referees
  • �Legislation and enforcement of safe pool design, e.g., depth, 

lighting, diving board height, and elasticity, prohibiting 
use of alcohol around water sports.

  • �Playground standards for the depth of appropriate sur-
face material, the height of equipment, and maintenance

  • Early access to decompression chambers

Recommendations for Transportation and Immobilization 
of Patients With Cervical Spine Trauma

*�Immobilization patients over the age of 12 years with high-
risk SCI during the prehospital setting should include a hard-
cervical collar, spinal backboard with tape/straps to immo-
bilize the entire patient

*�In case of limited human resources, alert patients with mini-
mal blunt trauma without penetrating trauma and any spi-
nal pain can be transported without immobilization

*�Transport of patients with acute traumatic SCI to the defini-
tive hospital center for SCI care should occur as soon as pos-
sible and not later than 24 hours of injury

*�After arriving to the hospital, collar immobilization may be 
discontinued in the alert asymptomatic patients, following 
normal MRI obtained within 48 hours of injury. Dynamic 
x-ray can be excluded from the list of options for investiga-
tion. In the obtunded patient, collar immobilization may be 
discontinued after a negative high-quality C-spine CT scan. 
Symptomatic patients with normal CT scans should proceed 
to MRI.

*�There is a big variability in spinal immobilization of children. 
Children younger than 2 years have more difficulties for im-
mobilization. There is no consensus if the children should 
have different immobilization measures.

Recommendations for Closed Reduction of Cervical 
Dislocations

*�There is no evidence that closed reduction of cervical locked 

facets has more benefits to open reduction.
*�If a closed reduction is attempted, awake patients with in-
complete injuries are better candidates.

*�If a reduction in patients with decreased consciousness is at-
tempted, prereduction MRI and open reduction should be 
preferred.

*�If a closed reduction attempt fails, immediate anterior de-
compression and surgical reduction are better options.

*�Best time for a closed reduction is not well known, although 
most papers suggest it should be as soon as possible.

*�All patients after closed reduction should be operated for 
stabilization and fusion. This surgery can be with an anteri-
or, posterior or combined anterior and posterior approach.
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