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�Introduction

�Epidemiology

Subaxial Cervical spine fractures and dislocations 
represent rare events accounting for approxi-
mately 7% of traumatic cervical injuries but often 
result in significant morbidity and death [1].

The mortality for patients with traumatic spi-
nal cord injury (SCI) is markedly high, with rates 
ranging from 4 to 16.2% and 21.7 to 32.3% 
within 30 days and 1 year from admission respec-
tively [2, 3].

The total frequency of SCI is estimated from 
27 to 47 per million in the entire population and 
approximately 6% in polytraumatized patients; 
about 40% of patients may present some degree 
of neurological deficit due to spinal cord or nerve 
root injury [4]. In the literature a lower mortality 
was reported for surgically treated patients 
respect those conservatively treated [5].

There is generally a higher prevalence of cer-
vical fracture among males, and significant pre-
dictors of cervical fracture seems to be: pelvic 
fracture, pelvic fracture combined with a fall and/
or concurrent head injury, injury severity score 
>15, and age over 40 years [6, 7]. The main injury 
mechanism reported was a motor vehicle acci-
dent (MVA) followed by falls from height. Wang 
et al. [8] reported the most common mechanisms 
to be MVA in 33.1%, falls in 50.6%, and sports in 
0.8%. Young et  al. [4] sustained MVA, falls, 
motorcycle, bicycle, and pedestrian accidents as 
significant independent predictors of cervical 
spine injury and fractures.

Despite the overall low incidence of severe 
subaxial cervical fractures-dislocations, the cor-
rect classification and treatment of these patients 
still represents a topic of debate in literature. 
Therefore, the purpose of this chapter is to dis-
cuss the role of classifications to offer an easy 
and reliable method to establish the severity of 
injuries, and thereafter, to assist spinal surgeons 
in a correct treatment planning (conservative and/
or surgical).
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�Classification Systems

Care protocols for polytraumatized patients 
(Prehospital Trauma Life Support and Advanced 
Trauma Life Support) that recommend 
maintaining a cervical collar until the presence of 
cervical injuries can be excluded, have been 
revealed strategically to reduce the incidence of 
complications after cervical injuries.

A correct injury pattern identification and clas-
sification could play a crucial role on the trauma-
tized patient’s outcome. However, a proper 
evaluation, especially in a minor and peripheral 
hospital, is not always possible often due to poor 
equipment and the lack of a spinal surgeon avail-
able. In this scenario, an ideal classification sys-
tem should be simple and reproducible, and able 
to transmit comprehensive information about 
diagnosis, prognosis and clinical/surgical man-
agement. Besides, it must allow the practitioners 
(often from different hospitals) involved in the 
multidisciplinary treatment of a polytrauma 
patient to speak a common language [9, 10].

Despite many systems were proposed to clas-
sify subaxial cervical spine trauma based on dif-
ferent criteria (morphological and/or pathogenic) 
[11, 12] to date, none of the classification was 
universally accepted; furthermore, many studies 
in the literature revealed the variability in sever-
ity assessment and management of traumatic 
spine injuries [13].

In the last decades, Magerl’s classification 
was most often used [14]. This classification 
exploded in a dizzying international success in 
the late 1990s, and rapidly replaced the older 
classification of Allen-Ferguson (AF) [15].

The most common classifications currently 
used are:

•	 the Sub-axial Injury Classification (SLIC) and 
Severity Scale.

•	 the AOSpine Subaxial Cervical Spine Injury 
classification system that represents, an 
upgrade of Magerl’s classification based on 
quite similar morphological features [16, 17].

�Allen and Ferguson Classification

Firstly, published in 1982, Allen and colleagues 
devised a cervical spine injury classification sys-
tem based on the traumatic mechanism they 
called mechanistic classification. The authors 
described six common patterns of indirect injury 
to the lower cervical spine, named phylogenies, 
based on radiographic pictures and supposedly 
involved traumatic forces (flexion/extension/
compression/distraction). Each phylogeny was 
named according to the presumed attitude of the 
cervical spine at the time of failure and the initial, 
dominant mode of failure. Compressive flexion, 
vertical compression, distractive flexion, com-
pressive extension, distractive extension and lat-
eral flexion were the six phylogenies identified 
(Fig. 11.1).

Each pattern could be divided into stages 
according to the severity of musculoskeletal 
damage. A close correlation appeared to exist 
between the neurologic and musculoskeletal 
injury in each pattern [18].

The authors also point out that ligament inju-
ries cannot always be evaluated with standard 
radiological examinations. However, such inju-
ries can be indirectly detected by residual spinal 
displacement. In most cases the ligaments are 
injured by tension and/or shear forces but hardly 
by those in compression [19–23].

Among the various factors to be evaluated in 
case of cervical spine trauma, there were: resid-
ual malalignment and presence of neurologic 
injury. In contrast to instability, which indicates 
abnormal movement, malalignment implies a 
fixed abnormal relationship.

Another novelty introduced by this classifica-
tion unlike the previous ones, in which it was 
argued that there was no strict correlation 
between the type of fracture and neurological 
injury [24]. Allen and his colleagues claim that 
higher stages are reflective of a more severe 
injury to the spine and predictably show a more 
severe cord involvement.

F. C. Tamburrelli et al.
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�Magerl’s Classification

Unlike the previous one, Magerl’s classification 
was based on injury pathomorphological charac-
teristics. Categories were settled according to the 
main mechanism of injury pathomorphological 
uniformity, and in consideration of prognostic 
aspects regarding healing potential.

The three main categories have a typical fun-
damental injury pattern defined by a few easily 
recognizable radiological criteria [14].

Emphasis was placed on the extent of the ante-
rior and posterior elements involvement, with par-
ticular attention to soft-tissue injury, as well as 
ancillary bony lesions. Analysis of the injury pat-
tern provides information on the pathomechanics 
of the injury and, at least, regarding the main 
mechanisms. In this classification, the loss of sta-

bility represents the key point for injuries classifi-
cation, and the choice of treatment depends on it. 
The risk of neural injury seems to be primarily 
linked to the degree of mechanical instability. The 
dichotomous division between disco-ligamentous 
injuries and osseous lesions was set due to impor-
tant prognostic and treatment differences in the 
two lesions. Because disco-ligamentous injuries 
had a poor healing potential, surgical stabilization 
and tension should be considered to avoid chronic 
instability [25].

The three main types of injuries are type A 
injuries, primarily caused by compression, type 
B by tension, and type C by axial torque corre-
sponding to an increasing degree of injury insta-
bility. Thus, the severity of the injuries in terms 
of instability is expressed by its ranking within 
this classification system.

Distraction/Flexion

Flexion

Flexion/Compression Compression Compression/Extension

Extension

Distraction/ExtensionDistraction

Fig. 11.1  Allen and Ferguson classification: illustrative image of the six aetiopathogenic mechanisms described in the 
classification
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�Subaxial Injury Classification (SLIC)

In 2007 a novel classification was published with 
the purpose to establish a system easy to remem-
ber and to apply in clinical practice guiding treat-
ment decision-making in an objective and 
systematic manner.

Three main categories (injury morphology; 
disco-ligamentous complex integrity; and neuro-
logical status) were identified as important to 
injury description and a score were assigned 
according to the overall injury severity. Treatment 
options were assigned based upon threshold val-
ues of the severity score.

Three major injury characteristics were 
identified:

	1.	 injury morphology as determined by the pat-
tern of spinal column disruption on available 
imaging studies.

	2.	 integrity of the disco-ligamentous complex 
(DLC) represented by both anterior and poste-
rior ligamentous structures as well as the 
intervertebral disc.

	3.	 neurologic status of the patient.

Within each of the three categories, subgroups 
were identified and graded from the least to the 
most severe.

This is done according to the following 
categories:

	1.	 Spinal level,
	2.	 Injury level morphology,
	3.	 Bony injury description,
	4.	 Status of DLC with descriptors, i.e., presence 

of a herniated nucleus pulposus,
	5.	 Neurology,
	6.	 Confounders.

Bony injury descriptors include fractures or dis-
locations of the following elements: transverse 
process, pedicle, endplate, superior and inferior 
articular processes, unilateral or bilateral facet 
(subluxation/dislocation), lamina, spinous pro-
cess, lateral mass, etc. Confounders include the 
following factors: presence of ankylosing spon-
dylitis, diffuse idiopathic hyperostosis, osteopo-
rosis, previous surgery, degenerative disease, etc.

This classification identifies three components 
of injury which represent the major and largely 
independent determinants of prognosis and 
management.

In this way, the SLIC severity scale is the first 
sub-axial trauma classification system to give up 
the anatomical and mechanical elements charac-
terizing the other classifications in favor of injury 
morphology and clinical status. By building the 
system on injury patterns less severe to more 
severe, the SLIC severity scale helps to objectify 
both diagnosis and optimal management.

Practically, SLIC generates a score of severity 
that is helpful for the surgeon in the decision-
making process. Score between 1 and 3 suggests 
conservative treatment while 5 or more recom-
mends operative treatment.

Within the three categories of the SLIC sys-
tem, integrity of the DLC is the most difficult to 
objectify. The Sub-axial Injury Classification 
(SLIC) and Severity Scale provides a compre-
hensive classification system for sub-axial cervi-
cal trauma, incorporating pertinent characteristics 
for generating prognoses and courses of 
management.

See Fig. 11.2 for calculating the score accord-
ing to the SLIC system score.

�AO Spine Subaxial Cervical Spine 
Injury Classification System

This classification was developed according to 
the criteria already used for AO group thoraco-
lumbar (TL) junction fractures classification. The 
goal was to develop a comprehensive and simple 
classification system with high intra- and interob-
server reliability [26].

The classification system describes injuries 
based on four criteria:

	1.	 morphology of the injury,
	2.	 facet injury,
	3.	 neurologic status,
	4.	 any case-specific modifiers.

Injuries are described by their level, followed by 
the morphologic type of the primary injury. The 
secondary injuries and modifiers are placed in 
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parentheses (facet injury, neurologic status, and 
case specific modifiers).

According to morphology of the injury, AO 
Spine study group described three types:

“Type A” injuries are fractures that result from ver-
tebral compression with intact tension band 
divided into five subtypes of increasing severity.

“Type B” injuries include failure of the posterior or 
anterior tension band by distraction forces with 

physical separation of the subaxial spinal elements 
while maintaining the alignment of the spinal axis 
without translation or dislocation.

“Type C” includes those injuries with displace-
ment or translation of one vertebral body relative 
to another in any direction: anterior, posterior, lat-
eral translation, or vertical distraction.

The second element analyzed was the morphology 
of facet injury according to an increasing grade of 

Parameter

1 Injury Morphology Compression 1

2

3

4

0

1

2

0
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2

3
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Burst

Distraction

Rotation/translation
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Suspected disruption

Disruption

Intact

Nerve root injury

Complete cord injury

Incomplete cord injury

Persistence cord injury#

2 DLC 1 Integrity

3

Total points Management

1-3 Non-surgical

Surgical or Non-surgical

Surgical 

4

5-10

Neurological Status

Description Points

Fig. 11.2  Subaxial Injury Classification (SLIC) and Severity Score. DLC discolegamentous complex; # neuromodifier 
continuous cord compression in the setting of a neurologic deficit

11  Cervical Spine Fractures and Dislocations, Classification and Treatment



216

severity. The evaluation is strategic given the role 
of facet complex as a dominant stabilizer for axial 
rotation, and overall stability in association with 
the capsule, disc, and ligamentous structures [27, 
28]. In case of multiple injuries of the same facet 
(for example, a small fracture and dislocation), 
only the highest injury is classified (dislocation). If 
both facets on the same vertebrae are injured, the 
right-sided facet injury is listed before the left sided 
injury if the injuries are of different subcategories. 
The “Bilateral” (BL) modifier is used if both facets 
have the same type of injury. If only facet injuries 
are identified (no A, B, or C injury), they are listed 
first after the level of injury. (For details of the main 
categories and subgroups, see AOSpine subaxial 
cervical spine injury classification system).

Neurological status is graded according to a 
six-part system like the system described for the 
TL classification:

•	 N0—neurologically intact
•	 N1—transient neurologic deficit that has com-

pletely resolved by the time of clinical exami-
nation (usually within 24 h from the time of 
injury)

•	 N2—radiculopathy
•	 N3—incomplete spinal cord injury
•	 N4—complete spinal cord injury
•	 NX—neurology undetermined—used to des-

ignate patients who cannot be examined due 
to head injury or another condition which lim-
its their ability to complete a neurological 
examination such as intoxication, multiple 
traumas, or intubation/sedation.

•	 The symbol “+” is the only difference with TL 
classification introduced to identify ongoing 
cord compression in the setting of incomplete 
neurologic deficit or nerve injury.

Additional modifiers created to describe unique 
conditions relevant to clinical decision making 
are as follows:

•	 M1—posterior capsuloligamentous complex 
injury without complete disruption,

•	 M2—Critical disk herniation [29],
•	 M3—Stiffening/metabolic bone disease [i.e., 

Diffuse Idiopathic Skeletal Hyperostosis 
(DISH), Ankylosing Spondylitis (AS), 

Ossification of the Posterior Longitudinal 
Ligament (OPLL) or Ossification of the 
Ligamentum Flavum (OLF)]. This modifier 
describes conditions that may argue either for 
or against surgery for those patients,

•	 M4—Signs of vertebral artery injury [30].

�Treatment

The choice of best treatment in case of cervical 
spine injury is the logical consequence of estima-
tion of severity of the lesion according to the cor-
rect evaluation of many clinical, morphologic 
elements. All the proposed classification has been 
aimed to give the most reliable system of grading 
the severity of the lesion and suggest an algo-
rithm of treatment. Suspicion of traumatic spinal 
instability due to cervical injury should guide 
spinal surgeons throughout the diagnostic pro-
cess. Underestimating potential cervical spine 
instability could cause devastating spinal cord 
injury [31]. In fact, spinal surgeons are generally 
less worried of serious but stable bone lesions 
rather than soft tissue injuries (disc-ligamentous 
complex), potentially responsible for traumatic 
instability.

In case of cervical severe cervical trauma, it 
should be advisable to take a multidisciplinary 
approach from the emergency department to the 
final treatment decisions [32].

The first step is to accurately classify the 
injury according to the preferred classification 
system, estimate the severity of the lesions and 
differentiate between surgical and non-surgical 
cervical lesions. When surgical treatment is 
required, a careful assessment of priorities (poly-
trauma patients) and timing is essential, espe-
cially in the case of concomitant neurological 
injuries. Last, but not least, is the choice of the 
surgical approach and technique [33].

The goals of a surgical treatment must be neu-
rologic decompression (in case of neurologic 
injury) and mechanical stabilization of the spine, 
to provide a correct spinal alignment and to 
obtain a solid spinal fusion [34]. Given the com-
plexity of the issue, several methods of 
reduction-fixation of fractures and dislocations 
have been published in the literature. However a 
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clear and universally accepted consensus on uni-
form or standardized methods of surgical 
approaches and techniques does not exist 
[35–37].

In this regard, classifications can play an 
important role in suggesting an anterior rather 
than a posterior or combined approach but are not 
useful for guiding the choice of specific surgical 
techniques. Therefore, even today, it is the sur-
geon’s experience and confidence with one 
approach over the other that guide and justify the 
final choice [38].

The timing of decompressive surgery, defined 
as the time elapsed from the trauma until the 
operation, and its influence on recovery after a 
neurologic damage deserve special consider-
ations. In fact, the old concept that timing could 
be the most important factor for neurologic 
recovery remains a topic of debate. For many 
years, there have been no statistical differences in 
neurological outcomes after spinal cord injury in 
patients undergoing early or late surgery and, to 
date, a clearly accepted definition of early or late 
surgery is still lacking [32, 39]. Recent studies 
underlined that the difference between early and 
late surgery and their consequences on postoper-
ative outcome are closely related to the physiopa-
thology of SCI.  In the literature there is no 
surgical procedure that can limit the primary 
damage while it is mandatory to prevent the sec-
ondary SCI, represented by vascular and bio-
chemical changes (electrolytes modification, free 
radical production, serotonin, and catecholamine 
accumulation), edema formation and inflamma-
tion that appear within 72 h after spinal trauma 
[40, 41]. Therefore, on the basis of the data of the 
literature, it seems wise and appropriate to state 
that the neurological patient should be treated 
surgically as the general clinical condition and 
comorbidities can allow it and in any case within 
72 h of the trauma [42].

�Anterior Approach

The main advantages of the anterior approach to 
the cervical spine with respect to posterior are 
minor surgical trauma, reduced infection rate, 

minor bleeding, and minor postoperative pain. In 
addition, the anterior surgical approach fre-
quently does not need long fusions which could 
be limited to one segment of motion, while the 
posterior approach often requires longer fusions 
[43].

One of the best indications for anterior 
approach is the presence of spinal cord compres-
sion due to posterior dislocation of bony frag-
ments or disc hernia that allows surgeons to 
decompress the spinal canal by directly removing 
them.

Discussed is the anterior approach for facet 
dislocations with or without previous attempts to 
closed reduction. An attempt to close reduction 
for unilateral facet dislocations is sometimes rec-
ommended with gentle maneuvers in awake, 
alert, and cooperative patients.

According to the literature, approximately 
50% success rate of a closed reduction has been 
reported. In the past, some cases of neurologic 
deterioration have been reported soon after closed 
maneuvers in which MRI was able to detect disc 
material inside the spinal canal.

After the first reports of dramatic neurologic 
complication, even though the occurrence of this 
event is quite rare, MRI has become strongly rec-
ommended for its high sensitivity for soft tissues 
[44]. Of course, based on the previous statement, 
any attempt of closed reduction should be per-
formed only after MRI confirmation of the 
absence of any possible compression of the spi-
nal cord due to disc herniated fragments or epi-
dural hematoma [45, 46]. Spinal epidural 
hematoma frequently occurs in patients with 
spondylopathy, particularly in ankylosing spon-
dylitis, after blunt trauma of the cervical spine so 
MRI is strongly recommended in these patients 
where the risk of spinal cord compression is very 
high and an urgent decompression of the spinal 
cord may be required [47].

Much more dangerous and not recommended 
are the attempts to reduce bilateral dislocations 
of the facets due to the simultaneous lesion of the 
disc and of the anterior and posterior longitudinal 
ligaments.

Recent literature has shown that in the case of 
bilateral facet dislocation, the anterior approach 
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alone may not be sufficient due to the high risk of 
late kyphosis or hardware failure even years after 
surgery [48].

In these cases, due to the high instability of the 
lesion, the best indication is that of a combined 
anterior and posterior approach, in a single phase 
or, when contraindicated, in two phases, prefera-
bly starting from the posterior one.

The posterior approach is mandatory in the 
case of locked (irreducible) cervical facet dislo-
cations, in the case of late or incorrect diagnosis, 
or in the case of failed attempts of reduction both 
closed and open.

Among disadvantages and complications of 
anterior approach, many patients complain tran-
sient laryngopharyngeal discomfort that disap-
pears within 1–2 weeks, while permanent lesion 
for iatrogenic laryngeal nerve damage is reported 
as frequent complications of anterior approach 
especially with right access mostly used by neu-
rosurgeons [49]. Radcliff et al. reported a 61.5% 
incidence of dysphagia after anterior surgery 
[50].

�Posterior Approach

The most common and used worldwide posterior 
cervical column fixation technique is lateral mass 
screwing while the most demanding pedicle 
screwing technique is still limited to selected 
cases [51].

An effective cervical internal fixation system 
for lower cervical fracture-dislocation should 
provide immediate stabilization of the spine, cor-
rection of spinal deformity and limitation of use 
of external orthosis [52, 53]. Some posterior 
instruments widely used in the past (such as spi-
nous process wiring, sublaminar wires and lami-
nar hooks) are now completely abandoned due to 
the lower stability obtainable with these implants 
compared to those made with the screwing of lat-
eral masses or pedicles [54, 55].

The lateral mass screw, nowadays, represents 
the gold standard in posterior cervical fixation for 
its relative safety and reliability in ensuring sta-
bility to the damaged spine. However, in a purely 

posterior column fixation, the resistance to pull-
out forces may be limited. To reduce the risk of 
postoperative implant failure which, occasion-
ally, can occur before fusion is achieved, some 
authors are used to apply a temporary external 
rigid collar after surgery. Rarely, stronger exter-
nal immobilization, such as a halo vest, may be 
needed to protect the implant from failure par-
ticularly when, due to local factors, such as poor 
bone quality, it is difficult to make a strong and 
rigid structure [56].

Recently, the increasing availability of neuro-
navigation systems has given a new impulse to 
the use of cervical pedicle screw fixation [56]. 
Abumi et al. [54] first reported the results of ped-
icle screw fixation for traumatic lesions of the 
cervical spine in 1994.

Cervical pedicle screw fixation is a three-
column fixation system with many biomechani-
cal advantages. The results of biomechanical 
research demonstrate that the stability of cervical 
pedicle screw fixation is significantly higher than 
that of the lateral cervical mass and even superior 
to combined anterior and posterior fixation. 
Although cervical pedicle screws have a signifi-
cantly lower loosening rate at the bone-screw 
interface as well as increased strength after 
fatigue testing, the main concern of surgeons is 
the accuracy of screw placement and the high risk 
of neurovascular injury. Currently, computer-
assisted navigation systems are increasingly used 
to maximize the accuracy of screw placement 
[57]. which, in the literature, is between 16.8 and 
97% [58] and minimizes the neurovascular dam-
age that remains, however, the main concern in 
the use of this technique [59].

Unfortunately, given the high cost of naviga-
tion, its use is still limited and available only in 
the best equipped and reference centers for spinal 
surgery. Despite the lack of a clear guideline, 
shared among surgeons, the main indications for 
pedicle screwing are all cases where stronger 
fixation is required (i.e. osteoporotic patients), in 
case of major correction of severe traumatic 
deformities and in case of traumatic floating 
mass.

F. C. Tamburrelli et al.
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�Combined Approach

The aim of a combined approach, in a single or 
two steps, is to achieve superior biomechanical 
stiffness by providing additional stability to the 
implants. Circumferential reconstruction has 
been found to provide maximum stability when 
applied in the subaxial cervical spine and cervi-
cothoracic junction in case of severe disc-
ligamentous complex lesion [60]. In literature, 
posterior fixation is recommended in case of pre-
vious anterior approach after extended corpec-
tomy at more than two levels. In rare cases of 
severe spinal cord compression, when anterior 
and posterior decompression is required, the 
combined approach becomes mandatory despite 
the inevitable increased risk of complications due 
to the complexity of the procedure.

The decision to perform a combined approach 
is not an easy one and requires teams of experts, 
a proper preoperative assessment of the patient’s 

general condition capable of supporting a longer 
intervention and the availability of postoperative 
intensive care units because of greater surgical 
trauma, blood loss and increased risk of infec-
tion. It has also been reported that the change of 
patient’s position between the two steps of sur-
gery can increase the risk of nerve injury [61].

Even the study of Yang and colleagues, states 
that in case of injuries that have a score equal to 
greater than 7, ranked according to score SLIC, it is 
advantageous to perform a double treatment [49].

�Illustrative Cases

Case 1  Car accident. 45-year-old man arrived 
in hospital unconscious (GCS 3) and intubated 
for head trauma with skull fracture and subdu-
ral hematoma. Upon arrival the SLIC severity 
score was 5 suggesting an unstable lesion, as 
shown in CT scan (Fig. 11.3a). The widening of 

a b

Fig. 11.3  (a) CT scan at arrival. SLIC SCORE: 
Morphology 3 (hyperextension injury), integrity of DLC 2 
(disruption of anterior longitudinal ligament and interver-

tebral disc), neurological status 0 (intact). AO C6–C7: B 
(C7:A1) (BL, F4, N0); (b) CT scan after 2 weeks
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the anterior part of the intervertebral space sug-
gests the disruption of the anterior longitudinal 
ligament and disc, without the need for MRI. 
For the coexistence of comorbidities, planned 
mono-segmental anterior arthrodesis was 
delayed and an external orthosis was applied. A 
new CT, carried out 2 weeks later, showed pro-
gression of the C6–C7 listesis (Fig.  11.3b) 
which confirmed the involvement of the whole 
disc-ligamentous complex. The careful inter-
pretation of the images, acquired with high 
resolution CT, has allowed the recognition of 
clear signs, even if initially slight, highly sug-
gestive of serious cervical injuries without the 
need of further investigation. An anterior 
approach was carried out (Fig. 11.4c, d). At sur-
gery, the anterior longitudinal ligament was 
broken, and disc disrupted (Fig.  11.4a, b) as 
shown in intraoperative image.

Case 2
A 26-year-old woman hit by a vehicle was trans-
ferred to the hospital with no neurologic deficit. 
She reported cervical and thoracic trauma with 
pulmonary contusion. A chest drainage was 
applied for hemothorax. During the CT, she 
became tetraplegic. Behind the C6 vertebral 
body, a huge round mass was recognizable only 
on the soft tissue sequences (Fig. 11.5b). While 
no evidence of mass occupying space inside the 
spinal canal was recognizable on bone 
sequences, as show in Fig. 11.5a. No additional 
bony lesions were recognized. With the suspi-
cion of epidural hematoma, in absence of more 
lesions, the patient underwent urgent anterior 
decompression surgery. Surprisingly, a com-
plete tear of the anterior longitudinal ligament 
and intervertebral disc was detected. After the 
corpectomy, a huge disc fragment, compressing 

a c d

b

Fig. 11.4  (a) Anterior approach. Intraoperative images 
of the broken anterior longitudinal ligament (b) and of the 
plate (c, d) postoperative X-Ray in AP and lateral view. A 
titanium mesh has been inserted in the intervertebral 

space to fill the gap and maintain the lordotic alignment. A 
plate has been carefully shaped to adapt the segment mor-
phology and fixed to the vertebral bodies with screws

F. C. Tamburrelli et al.
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the spinal cord, was found, and removed 
(Fig.  11.6). A titanium MESH was used to 
replace the C6 vertebral body and stabilization 
was performed with a plate between C5 and C7. 
As the stabilization resulted not stable enough, 
an urgent, postoperative MRI was than requested 
of whole spine. MRI surprisingly demonstrated 

the coexistence of a serious damage of posterior 
tension band and, probably of the disc. Lesion 
of all ligamentous, which required a posterior 
decompression and arthrodesis (Fig.  11.7). 
After the results of MRI (Fig.  11.8a) all CT 
sequences acquired before the operation were 
reviewed (Fig.  11.8b). Underestimated facet 
subluxation of more than 50% of the joint were 
recognized despite they may be a sign of possi-
ble major injury to the disc-ligament complex. 
Assuming a major spine instability, a posterior 
cervical and thoracic stabilization was carried 
out 12 h after the first step. Lateral mass screw 
implant was performed in the cervical spine and 
a stable fixation was then carried out in the tho-
racic spine. During the operation a clear insta-
bility of the spine was detected with complete 
lesion of the supra- and inter-spinous ligaments, 
both joint capsule and subluxation of the facet 
joint. There was also, a hidden Dural lesion and 
a right foraminal vascular lesion with leakage of 
CFS fluid and bleeding with the acts of breath. 
A temporary mono-segmental fixation deter-

a b

Fig. 11.5  CT scan in bone (a) vs. soft tissue sequences (b)

Fig. 11.6  Anterior approach: disc fragment and anterior 
longitudinal ligament disrupted
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mined immediate cessation of the CFS leakage 
and bleeding. Finally, a definitive pedicles fixa-
tion, two levels above and below, was performed 
(Fig. 11.9). The patient fully recovered in a few 
months later.

Case 3  67-year-old male, who fell from 3  m in 
height, arrived at the ER without neurological defi-
cits despite slight numbness in the arms. CT showed 
C6–C7 spondylolisthesis (Fig. 11.10a) and bilateral 
dislocation of the facet (Fig. 11.10b, c). The lesion 

a

c

b d e

Fig. 11.7  Dorsal spine involvement: (a, b) dorsal spine’s MRI imaging (c) surgery (d, e) After surgery X-rays

a b

Fig. 11.8  (a) MRI vs. CT scan: the involvement of the posterior component was conceivable by paying attention to the 
facet joints (b)
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Fig. 11.9  X-ray scan at the 1-year follow-up

a b c

d e f g

Fig. 11.10  (a–c) CT scans at the arrival. The SLIC sever-
ity score was 5 (Morphology—distraction pt 3/Disc-
ligament complex—disruption pt 2 and AO C6–C7:C (F4, 

BL, N0). (d, e) first stage with posterior approach. (f, g) 
C5–T1 posterior fixation and C6–C7 anterior arthrodesis
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was judged to be severely unstable, and a posterior 
approach was performed a few hours after arrival 
(Fig.  11.10d, e). Although an attempted closed 
reduction is suggested in literature, as soon as pos-
sible after cervical injury. A surgical reduction was 
preferred due to the low collaboration of patient. 
Despite the open surgery, displacement reduction 
resulted particularly difficult requiring a partial 
resection of the lower facets. A long, multilevel fix-
ation was carried out from C5 to T1 and given the 
optimal clinical condition of the patient, A single 
level of anterior arthrodesis (Fig. 11.10f, g) was per-
formed 3 days later to accelerate clinical recovery.

Case 4
A 19-year-old boy, victim of a car accident, had 
suffered a dislocated C5 fracture (Fig. 11.11). On 
arrival in the emergency room, he had no strength 
or sensory deficits. The trauma mechanism was 
flexion-distraction, according to the Allen & 
Ferguson classification. Classifying the fracture 
according to SLIC the score was 5 pt. From the 
axial and coronal CT images the facet joint dias-
tasis lesion is clear (Fig. 11.12a–d). The surgery 
was done via an anterior approach. Due to the 
young age of the patient, it was decided to per-
form surgery using autologous bone grafting to 
support rapid fusion. The alternative could have 
been a corpectomy of the C5 soma with expan-
sion cage implantation. The X-ray at 3 months 
follow-up shows an excellent reduction of the 
fracture and good fusion of the bone graft 
(Fig. 11.13a, b).

�Discussion

Subaxial cervical spine injury represent one of 
the most frequent cause of fracture-dislocations, 
which when not promptly treated can result in 
important cord lesions that reduce the quality of 
patients’ life. The incidence of neurological com-
plications has been reduced thanks to first-aid 
rules on the scene or during transportation to the 
ER and thanks to the multidisciplinary manage-
ment of patients with multiple injuries.

Fig. 11.11  CT image in which it would appear that the 
fracture is only of the C5 soma

a b c d

Fig.11.12  (a, c) even in sagittal CT sequences it is pos-
sible to see that there is more than 1/3 loss of contact 
between the joint surfaces; (b) in the coronal scan the 

diastasis of the facet joints is clearly evident (d) facet joint 
diastasis is equidistant on both sides of the vertebrae
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Further reduction of patients’ morbidity and 
mortality is due to the improvement of spine sur-
gery, acknowledgement of spine’s injury anat-
omy, biomechanics and classifications that 
permitted more appropriate diagnosis and stadia-
tion of the injuries.

Classifications’ common element is present-
ing the injuries in increasing order of severity, 
defined by a sum of various features.

There’s an amount of classification: during the 
last decades they became easier, more reliable 
and easier to reproduce.

Allen Ferguson (AF) classification, dating 
back to 1982, drew the attention to spine’s bio-
mechanics and six different common mecha-
nisms of trauma, so much to gain the definition of 
“a mechanistic classification”. It was extremely 

simple, based on X-rays, the only analysis avail-
able in that time, which, inevitable, tends to 
underestimate the severity of the injuries. 
Furthermore, there was no mention of neurologic 
involvement, so the authors concluded that med-
ullary lesions’ risk increases with injuries’ grav-
ity. Despite the absence in literature of a clear 
definition of instability, defined as “ethereal sub-
ject badly in need of rigorous definition”, in AF 
classification, instability was the main factor in 
treatment decision-making. They concluded that 
there was not enough instrument to decide 
whether to go for surgical or conservative 
treatment, despite being aware of ligaments’ low 
healing capacity. Surprisingly AF is still widely 
used in the world, in the common practice. 
Comparative studies with more recent classifica-

a b

Fig. 11.13  X-ray at 3 months follow up, (a) lateral view, (b) antero-posterior view
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tions, showed AF has a good or even better reli-
ability, despite its was conceived and based on 
x-ray only. Chhabra, in a questionnaire survey on 
expert opinion worldwide, observed that 38% 
declared they were using AF, 35% SLIC and only 
5% CPISS [62].

SLIC classification and AO classification are 
the most used nowadays, both stressing out 
interpretation of lesions’ morphology.

In SLIC classification major emphasis has 
been put on the disk-ligament complex (DLC), 
considered as the main stabilizer of the joint, in 
fact facet subluxation >50% increases the inju-
ries’ score. The involvement of DLC is not 
always clear using gold standard thin-layer CT, 
but MRI is sometimes helpful. The initial reli-
ability assessment of the SLIC score was sub-
stantial but, among the three components of the 
classification, the lowest ICC was that of the 
DLC that confirms the difficulty in its assess-
ment. The highest ICC was that of neurologic 
status.

Reproducibility is on the limits of every clas-
sification: inter and intra observer studies were 
conducted to demonstrate it. In 2010 Stone et al. 
[63] and later in 2013 Van Middendorp et al. [64] 
reported conflicting results on SLIC reliability: 
first authors reported an excellent inter and intra-
rater agreement for SLIC and a moderate inter-
rater to an excellent intrarater agreement for AF, 
while Van Middendorp showed a moderate agree-
ment on SLIC by internal validation studies, but 
an external validation study yielded a poor 
agreement.

So, worldwide multicentric studies show that 
the SLIC’s limit is reproducibility, instead of AF 
which seems to have a better reliability according 
to Kanagaraju [65].

In a recent study on multicenter observational 
survey on reliability and reproducibility for lower 
cervical spine injuries classification systems, an 
excellent agreement regarding management was 
observed among the experienced surgeons using 
SLIC while agreement among less experienced 
neurosurgeons was found 2 times less than that of 
experienced [66]. As advocated also by Vaccaro 
et  al. [67], results showed that higher levels of 
experience may improve agreement of SLIC.

Subaxial cervical spine injury have heteroge-
neous morphologic features hence selecting the 
best surgical approach remains controversial. 
According to the perspective of many surgeons, 
they prefer to have a classification comprehen-
sive, easy to use but more oriented to suggest the 
surgical indication. To achieve this aim, a further 
classification has been proposed recently with the 
aim to predict the failure of only anterior 
approach, called PLICS and measure the intra-
interobserver reliability [49]. Anterior only 
approach is widely used but hardware failure and 
late cervical deformity are not rare and accept-
able complications. In these cases, unstable 
injury due to not well recognized and estimated 
posterior elements lesion (bone and ligamentous 
complex) is the responsible of the complications. 
The issue is not new. Kotani et al. [68], Lee et al. 
[69] recognized the strategical importance of 
zygapophyseal joint and ligaments in conferring 
stability to the segment of motion. Longitudinal 
ligament lesion (anterior and posterior) and disc 
disruption were significantly associated with 
facet joint fractures and dislocation. The subtype 
analyses of lateral mass fractures demonstrated 
high rates of anterior translation in separation, 
split, and traumatic spondylolisthesis, as well as 
significant coronal malalignment in comminu-
tion and split types [62].

Unlike SLIC, AO classification is easier and 
with a better reliability and validity, again with 
the increasing gravity’s levels using a morpho-
logic valuation. Urrutia et al. in 2016 compared 
agreement between AF and AO. The study dem-
onstrated a significantly better inter-observer 
agreement with AO while the AF had insufficient 
inter-observer agreement and did not reach the 
minimum limit of agreement (k = 0.55) [70].

Nowadays, there’s the introduction of smart-
phone apps which are helpful to applying classi-
fication in clinical practice [71].

In 2021 Schroeder shows that treatment choice 
depends on experience and origin even in highly 
unstable injuries [72]. In fact, according to the 
literature, and also in our experience, there is no 
classification that includes all the elements that 
the therapeutic choice requires. Each of the clas-
sifications has some peculiar aspects that help the 
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choice of the surgeon. Furthermore, the experi-
ence and preference of surgeons are still a bias in 
the choice of treatment, surgical approach, and 
techniques.

There is a need for further studies to improve 
the reliability of existing classifications by aiding 
communication between healthcare profession-
als, assisting in treatment decisions, and reducing 
errors due to misdiagnosis.
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