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Background Cervical spine injuries (CSI) are considered to be a major trauma with no well-established criteria for the choice of 
treatment technique. Objective Determine criteria for the choice of surgical technique to address CSI and review current tendencies 
in stabilization approaches used for CSI. Design Retrospective review and literature survey. Material and methods Retrospective 
review included 101 CSI cases with 24 craniocervical and 77 subaxial injuries, 48 CSI publications (9 books and guidelines, and 39 
articles). The patients were treated with either anterior (ACDF, ACCF) or posterior fixation using screw constructs, or with 360° 
stabilization. Results Subaxial spine injury accounts for 75 % of all CSI. C2 vertebra injury is the most severe among craniocervical 
trauma. Posterior C1–C2 fixation with Harms and Magerl techniques remains the method of choice. SLIC and CSISS scoring 
systems are mostly used to assess subaxial injury. Anterior fixation is common for unstable subaxial injury. Posterior screw fixation 
has become more common. Conclusion Injuries to the cervical spine at the С2 vertebra fractures are most challenging, and posterior 
fixation is the method of choice for the operative stabilization. Subaxial injuries require a thorough assessment of posterior 
supporting complex integrity. Anterior fixation remains the most common method of treatment. Multipillar subaxial injuries require 
posterior fixation and 360° stabilization in the majority of the cases. 
Keywords: craniocervical, subaxial injury, classification, posterior fixation 

 

BACKGROUND 

Cervical spine injuries (CSI) are considered to 
be a major trauma and characterized by the diver-
sity, high risk of severe neurological complica-
tions and mortality rate [1–4]. Trauma to the cer-
vical spine accounts for nearly 50 % to 75 % of all 
spine injuries [1, 2, 5]. There are no well-
established criteria regarding the choice of treat-
ment technique. The choice of treatment tactics 

relies on surgeon’s preferences and manual skills 
in majority of the cases [6]. 

Objective: determine criteria for the choice of 
surgical technique to address CSI and review cur-
rent tendencies in stabilization approaches used 
for CSI. 

Design: Retrospective review and literature 
survey. 

MATERIAL AND METHODS 

The work includes retrospective review of 101 
patients with cervical spine injury who underwent 
surgical treatment at FSBI “RISC “RTO” Ilizarov 
Centre from 2010 to 2014. 

The injuries were subdivided into craniocervi-
cal (n = 24) and subaxial (n = 77) depending on a 
trauma level (Fig. 1). Double-view radiography 
and multispiral computed tomography (MSCT) 
were used for diagnosis. Magnetic resonance im-
aging (MRI) was employed for several cases to 
get additional information about the injury. 

Diagnostic imaging was aimed at identifying 
“critical” (destabilizing spinal motion segment) 
injuries to the bone and soft tissues (discoliga-
mentous complex), compressed neural structures 

and making preoperative planning (choosing pos-
terior stabilization, in particular). 

 
Fig. 1 Diagram showing types of cervical spine injury 
(CSI) (n = 101) 

Total 48 CSI publications including 9 books 
and guidelines, and 39 articles were reviewed. 

The Patients were treated with various types of 
anterior (ACDF, ACCF) (Fig. 2), posterior fixa-
tion (applying screw constructs) (Fig. 3) or 360° 
stabilization (Fig. 4). Various types of CS fixation 
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is presented in the diagram (Fig. 5). 

 
Fig. 2 Radiographs of cervical spine showing various types of anterior fixation 
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Fig. 3 Radiographs and MSCT scans of CSI showing various types of posterior fixation with screw constructs 

 
Fig. 4 Radiographs of CSI following 360° fixation (anterior and posterior) 

 
Fig. 5 Diagram showing fixation techniques used for CSI (n = 101) 

RESULTS 

From the analysis of the literature, most 
common classifications used to evaluate CSI 
include Anderson&Montesano system for atlan-
to-occipital joint (С0–СI) (type III) [1, 2, 4]; 
L.D. Anderson&D’Alonso system for odontoid 
process of C2 (type III) [1, 2], with type II inju-
ries being subdivided into 3 subtypes depending 
on a fracture line, A, anterior oblique, B, poste-
rior oblique, and C, horizontal [1, 2, 4, 7]; Lev-
ine&Edwards classification for traumatic spon-
dylolisthesis of C2 (hangman fracture) (type III) 
[1, 2]. A set of morphological criteria for ‘criti-
cal’ craniocervical injuries includes collapsed 
condyle by greater than 50 % in С0 [1, 2, 4, 6], 
an injury to the transverse atlantal ligament in 
СI [2, 4, 6, 7], greater than 3 mm translation and 
angulation of more than 10° in type II dens frac-

ture of СII, comminuted fracture with small 
fragments, shallow type III fracture [4, 6, 7, 8], 
a gap of more than 3 mm between the fragments 
and angulation of more than 8° for types II and 
III hangman fracture [1, 2, 4, 7, 9, 10]. 

A great number of morphological classification 
in offered for subaxial spine (С3–С7). However, 
SLIC [11–13] and CSISS [14] scoring systems 
have been considered as most common. Critical 
injuries to the spine include vertebral dislocation 
and fracture-dislocation; fracture of the lateral 
mass and subluxation; fracture of the vertebral 
body (with/without intervertebral disc rupture) 
combined with an injury to posterior structures 
(including ligaments) [1–3, 5–8, 15–17]. The 
summarized SLIC and CSISS scores measure 4 
and 7 or over, respectively [2, 3, 7, 11–14]. 
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Our group of patients with craniocervical inju-
ries (n = 24) had 14 hangman fractures and mis-
cellaneous axis fractures of С2, 8 types II and III 
odontoid fractures of С2, two transverse atlantal 
ligament rupture. Posterior fixation with polyaxial 
screws was performed for all the cases. Occipi-
tospondylodesis or Harms technique was em-
ployed for transverse atlantal ligament rupture, 
and odontoid fractures of С2 were stabilized ei-
ther with Harms or Magerl technique (Fig. 3). 

Subaxial injuries were treated with different 

types of anterior (n = 45), posterior (n = 22) and 
combined (n = 10) fixation. 

All injuries to the posterior supporting com-
plex (ligaments and lateral mass) were stabilized 
with posterior fixation (Fig. 3). Combined 360° 
stabilization was used for all multicolumn injuries 
(Fig. 4). Anterior fixation was produced for iso-
lated injuries of the anterior column with anterior 
compression of the nervous structures and ‘non-
critical’ injuries of the posterior supporting com-
plex (arch, spinous process) (Fig. 2). 

DISCUSSION  

Subaxial spine injury accounts for 75 % of all 
CSI. C2 vertebra injury is the most severe among 
craniocervical trauma [1–3, 6–8, 15, 17]. The re-
ported incidence of atlanto-occipital dislocation 
does not exceed 1 % among CSI [1, 2, 4, 18]. This 
type of injury is fatal in 90 % of the cases [1, 2, 
4]. Fractures of occipital condyles and the atlas 
are considered to be rare [1, 2, 4, 7]. According to 
international literature they constitute about 0.4 % 
of all injuries [4, 19, 20]. Injuries to the cervical 
spine at С1 vertebra make up 2 to 13 % of all CSI 
cases [4, 8, 21, 22]. Retrospective review of 101 
patients and the reported data indicate to injuries 
of C2 vertebra prevailing among craniocervical 
trauma. Dens fractures constitute 50 to 60 % of all 
injuries to С2 vertebra [4, 23] with type II ac-
counting for 37 to 83 % [4, 7, 23, 24]. Hangman 
fractures represent about 20 % of all injuries to С2 
vertebra [4, 10]. Other types of injuries to C2 ver-
tebra account for 19 to 32 % of all injuries to С2 
vertebra [4, 7]. Several classification systems are 
offered for injuries to C2 vertebra depending on 
the location (odontoid process, vertebral pedicle). 
The category of miscellaneous axis fractures covers 
various axis injuries representing ‘non-classifiable 
C2 trauma’. The facts indicate to fractures of C2 ver-
tebra being most challenging among all injuries to cer-
vical spine. 

There are controversies regarding treatment of 
injuries to odontoid fractures types II and III in 
adults, in particular [23–27]. Conservative treat-
ment may result in nonunion [23, 24], and opera-
tive management may primarily appear insuffi-
ciently worthwhile [4]. Screw fixation of odontoid 
process fractures using anterior approach has be-
come more common [1, 2, 4]. However, the tech-

nique has some limitations including improper 
application of bad comminution, restricted reduc-
tion, obesity and short neck, barrel-shaped chest, 
thoracic kyphosis, injury aged over 6 months, pa-
tients aged over 50 years [1–4, 7, 28]. Consolida-
tion is reported in 80.5 % of the cases. The report-
ed risk of nonunion is shown to increase by 37.5 
times with treatment delayed by more than one 
week and by 21 times if the gap between bone 
fragments is greater than 2 mm [1–3, 7, 8, 28]. 
Posterior C1–C2 fixation with Harms and Magerl 
techniques remains the method of choice when 
anterior fixation cannot be produced or conserva-
tive treatment has failed [2–5, 7, 28–30]. These 
techniques are practical for odontoid fractures and 
atlantoaxial dislocation (AAD) [29, 30, 31]. Sev-
eral authors advocate anterior transoral reduction 
and fixation [4]. 

There are controversies regarding tactics of 
treatment used for hangman fractures [1, 2, 4, 6, 7, 
15]. Types II, IIa, III injuries require operative 
treatment including four stabilization techniques 
of anterior C2–C3 fixation, posterior С2–С3 
screw fixation, combined 360° fixation, direct C2 
fixation with two screws [1–7, 10, 15, 32, 33]. 
Both anterior C2-C3 fixation and direct C2 fixa-
tion with two screws cannot provide adequate sta-
bilization of the injured posterior structures, so 
external immobilization was needed to be added 
[2, 4, 9, 34]. Posterior С2–С3 screw fixation or 
360° stabilization have shown to be most reliable 
methods to address types II, IIa, III fractures [9, 
10, 34]. 

The treatment of miscellaneous axis fractures 
depends on the injury level. Operative stabilization is 
practical for vertebral body injury, and conserva-
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tive treatment can be produced for isolated frac-
tures of an arch or spinous process [4, 7]. 

Morphological classifications have been 
used for assessing subaxial cervical spine trau-
ma. However, no MSCT and MRI findings have 
been incorporated into the classifications [7, 12, 
13]. So they fail to provide complete description 
of an injury. In addition to that, interobserver 
and intraobserver reliability is low that creates 
ambiguity among in the spine community. 
These classifications do not incorporate a 
choice of a tactical algorithm that makes their 
application useless [7, 35]. An assessment of 
posterior supporting complex is very important 

in preoperative planning since it maintains 64 % 
of the loading [1, 2, 7]. SLIC and CSISS scor-
ing systems are most common in assessing sub-
axial injury [2, 12, 13]. 

Anterior fixation is most acceptable for unsta-
ble subaxial injury [3, 6, 7, 35–37]. It can be the 
only technique to be used even for multicolumn 
injuries (dislocations, fracture-dislocations, trau-
matic spondylolisthesis) with a higher risk of fail-
ures [38–43]. Posterior screw fixation has become 
more common, in posterior supporting complex, 
in particular [44–47]. According to several au-
thors, 360° stabilization is required for multicol-
umn injuries [12, 16, 48]. 

CONCLUSIONS 

• C2 vertebra injury prevails among crani-
ocervical trauma and the assessment is very dif-
ficult. 

• Subaxial cervical spine injuries require a 
thorough assessment of the posterior supporting 
complex. SLIC and CSISS scoring systems are 
most practical to determine tactics of treatment. 

• Posterior screw fixation with Harms and 
Magerl techniques is the method of choice for un-
stable craniocervical fractures. 

• Various types of anterior fixation are more 
common for subaxial cervical spine injury. 

• Posterior fixation and 360° stabilization are 
practical for multicolumn subaxial fractures. 
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