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Traumatic injuries of subaxial cervical spine are characterized by a wide range 
of possible pathomorphological changes that depend not only on the direction 
and intensity of the traumatic force impact, but also on the initial position of 
cervical spine at the moment of exposure.
One of the most detailed classifications of cervical spine traumatic injuries, 
in which the integrated approach to assessing the type of injury considering 
the mechanism of injury is used, is the system developed by Ben L. Allen and 
published with co-authors in 1982. It is also known as the Allen-Ferguson 
classification and despite long history of existence, still has not lost its relevance.
In the classification when characterizing the type of traumatic injury, not only 
visually detected signs, but also inevitably accompanying changes are given.
In total, 6 types of damage were classified: compression-flexion, vertical 
compression, distraction-flexion, compression-extension, distraction-
extension and lateral-flexion, which were divided into stages depending on 
the severity of pathomorphological changes. The authors of the classification 
note a pronounced correlation between the nature of damage to anatomical 
structures and neurological disorders in all patterns of damage.
When writing this review, a detailed analysis of the original publication 
was carried out, highlighting the basic biomechanical aspects that underlie 
the classification and still have not lost their relevance . It is noted that 
the schematic images of damages found in modern literature often do not 
correspond to the description proposed by Ben L. Allen et al., Therefore, 
when preparing the illustrative material, we relied solely on the data of the 
original article.
Along with the description of morphology, for each type and stage of injury, 
modern data on possible methods of treatment, both conservative and 
surgical are given.
The complex analysis suggests that the classification developed by Ben L. 
Allen is a convenient tool for assessing pathomorphological changes and 
allows choosing the optimal method of treating the patients in each specific 
clinical situation.
Key words: traumatic injury; Allen-Ferguson classification; cervical spine; 
subaxial level; morphology; biomechanics
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Introduction
Traumatic subaxial injuries of the cervical spine 

(CS) are characterized by a wide range of possible 
pathomorphological changes, which are determined 
by a complex anatomical structure and high mobility, 
therefore the degree and nature of damage to certain 
structures depend not only on the direction and intensity 
of the traumatic force impact but also on the initial 
position of CS at the time of exposure (flexion, extension 
or neutral position).

Many years of clinical experience and an extensive 
evidence base, reflected in numerous publications, 
indicate the presence of a large number of methods 
for both surgical and conservative treatment of various 
types of CS injuries. It is clear that the most effective of 

all those available in the clinical situation is a method that 
takes into account all traumatic changes, and not just 
the most severe of those available. Despite significant 
advance in the field of neuroimaging in recent decades, 
traumatic injuries to certain anatomical structures that 
are critical to determining therapeutic strategy are 
difficult to objectify. For example, the rupture of the 
capsule of facet joints is evident in complete anterior 
dislocation, but in fact this statement is based on the 
assessment of the ratio of facets, rather than on the 
assessment of the condition of the joints capsule.

One of the most detailed classifications of traumatic 
subaxial СS injuries, in which an integrated approach to 
assessing the type of injury considering the mechanism 
of injury is used is the system developed by B.L. Allen 
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When analyzing the spondylograms, groups of cases 
with similar radiographic pathology were identified. In 
case of a combined or associated fracture and / or 
dislocation, the most severe injury was considered 
primary, according to which the injuries were classified, 
the rest of traumatic changes were concomitant. In the 
groups obtained as a result of the primary analysis, 
the authors determined the mechanism of injury 
(phylogeny) to emphasize the ordered sequence of 
events that led to a certain morphological type of 
pathological changes. Phylogenetic types are named 
according to the probable position of the CS during 
the traumatic action and the initial type of injury that 
dominated. For example, “compression” indicates that 
compression is the main traumatic effect that forms 
pathological changes of the spinal motion segment 
(SMS), which are visually detected, and “distraction” 
indicates that stretching or displacement causes the 
initial most obvious structural injuries.

B.L. Allen classified 6 phylogenetic types of injury: 
compression-flexion, vertical compression, distraction-
flexion, compression-extension, distraction-extension 
and lateral flexion.

During the analysis the authors did not find a 
specific spectrum of traumatic changes associated 
with rotation, therefore the rotation is considered as a 
secondary lateralized force in previous groups.

The proposed scheme of marking the injury level is 
quite non-standard. It is noted that there is a common 
tendency to mark a vertebral fracture by its number. 
For example, in case of a fracture of the fifth cervical 
vertebra, “C5 vertebral fracture” is indicated, and 
so on. On the other hand, injuries characterized by 
vertebral displacement without significant damage to 
bone structures are usually identified according to the 
SMS in which the displacement occurs. So, unilateral 
facet dislocation with displacement of the fifth cervical 
vertebra relative to the sixth is called “unilateral facet 
dislocation C5-C6”. The authors note that most CS 
injuries are accompanied by damage to the ligamentous 
apparatus, therefore it is more correct to identify any 
damage according to the motor segment involved, 
rather than according to the most noticeable sign. 
Marking of all types of damage in compliance with SMS 
is offered, emphasizing the number of the vertebra in 
which pathological changes typical for this phylogenetic 
type are observed.

The classification is based on a detailed assessment 
of the biomechanics of injury. It is noted that the 
analysis of X-ray features of cervical SMS damage does 
not make it possible to measure the force that caused 
these changes, but allows identifying the conditions that 
determine the damage for different structural elements 
of the spine. This assessment gives a rough idea of 
the action of forces direction that cause morphological 
changes. Traumatic efforts in a certain direction are 
called by authors “injury vectors”. The vector that 
determines the initial traumatic changes within a 
particular phylogenetic type of injury is the main one, 
and any concomitant effort in the other direction that 
causes additional changes is an additional injury vector. 
The tension spread of the main injury vector occurs 

and published by him jointly with co-authors in 1982 
[1]. The characteristics of the type of traumatic injury 
include not only the signs that are visually detected, 
but also inevitable accompanying changes. When 
analyzing this system, it was noted that the types 
and stages of injuries identified by the author are the 
result of not only empirical observations, but also a 
detailed study of the consequences of the influence of 
a traumatic force, taking into account a large number 
of factors (intensity, direction, presence of additional 
force vectors, etc.). A comprehensive description of all 
the changes that accompany a particular type of injury 
is given, but the illustrations are presented only by 
radiographs. When writing this review, it is noted that 
some schematic images that occur in the literature and 
characterize different types of injury according to the 
classification of B.L. Allen, do not correspond to some 
of those described in the original work, so in preparing 
the illustrative material, we relied only on the data of 
the original article.

This classification is still relevant. Thus, as of July 
2021, according to the results of the analysis of the site 
database https://scite.ai, the publication of B.L. Allen 
et al. is the most frequently cited of all the proposed 
classifications of traumatic subaxial CS injuries - in 
412 publications, while the AOSpine subaxial cervical 
spine injury classification system is mentioned in 145. 
In addition, a fairly stable use of the classification B.L. 
Allen in R&D: in 2015–2020 it was cited 118 times, in 
2010–2014 - 122 times.

General characteristics of the classification
The classification was developed by B.L. Allen (also 

known as Allen ‒ Ferguson classification) based on the 
results of retrospective analysis of radiographs of 165 
patients with closed indirect fractures and dislocations 
of the CS at the subaxial level. Subsequently, to 
reduce the misdiagnosing, all used radiographs were 
re-analyzed by co-authors. In addition, the neurological 
status of the patients was taken into account. Given 
that the study was retrospective, the authors were 
able to identify the following types of neurological 
disorders: radiculopathy, centromedullary syndrome, 
partial spinal cord injury (SC) and complete injury. 
 The authors have demonstrated that there are at least 
six patterns of indirect traumatic subaxial CS injuries, 
with each pattern being divided into stages according to 
the severity of the osteoligamentous injury. In addition, 
a significant correlation was found between the nature 
of the injury of anatomical structures and neurological 
disorders in all patterns of damage.

When analyzing the circumstances of the injury, it 
is proposed to distinguish between general and specific 
mechanisms. The general mechanisms included a motor 
vehicle accident, a motorcycle accident, diving into 
shallow water, a direct blow, a falling, etc., but they 
could not fully characterize the mechanism of injury. 
Specific mechanisms were identified in the presence of 
reliable information about the position of the head and 
neck during the injury, the place and direction of force 
application, as well as exact circumstances of the injury.

This article contains some figures that are displayed in color online but in black and white in the print edition
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along the path of the main load. The main and additional 
vectors act on different sides of the neutral axis. To 
facilitate understanding of the described mechanism, 
the authors draw an analogy with the tension that arises 
in the beam under the influence of the flexion moment. 
The concave side, towards which the bending occurs, 
feels the stress of compression, and the convex side 
- in distraction. The neutral axis separates the area of ​​
tension during compression from the area that is under 
distraction. The force component acting perpendicular 
to the neutral axis exposes the beam to a displacement 
stress.

Since the paper analyzes the tissue damage, rather 
than quantifying the stress, it is more appropriate to 
use the term “transitional axis” rather than “neutral 
axis”. The latter separates the zones of stress, while the 
transitional axis separates zones of tissue damage that 
have arisen as a result of exposure to various vectors of 
injury. If biomechanically different pathomorphological 
changes occur simultaneously within the SMS, then the 
neutral and transitional axes will coincide, but if the 
changes do not occur simultaneously, but sequentially, 
these axes will be spatially different.

Thus, the following classification of traumatic 
subaxial CS injuries is based on the theses defined by 
the authors:

- efforts that cause fracture or dislocation of CS 
can be considered as the main and additional vectors 
of injury;

- injury vectors can be determined by X-ray 
examination of the CS;

- the magnitude of the vectors determines the 
severity of the injury;

- similar injuries occur as a result of exposure to 
similar injury vectors;

- within each mechanism of injury a certain range 
of pathomorphological changes (from minimal to gross) 
is formed.

When constructing the classification, a group 
of radiologically identical cases within the damage 
phenotype is called stage (S).

TYPES OF INJURY
Compressive flexion type
Compressive flexion injuries (CF) are formed when 

a compressive force is applied to a bent CS. In severe 
cases, the biomechanics of the injury determines the 
secondary anteroposterior directional vector, which 
causes the displacement of the posteroinferior fragment 
of the vertebral body into the spinal canal. In this case, 
the anteroinferior part of the body is separated and 
forms a triangular fragment, known as a “teardrop 
fracture” (CFS3 ‒ CFS5). The causes of compressive 
flexion injuries are most often falling from a height, 
diving or falling of a heavy object on the victim’s head 
[2]. This type of injury is most common in the fifth 
cervical vertebra.

Teardrop fractures are characterized by damage 
to the caudal intervertebral disc, as evidenced by 
radiological narrowing in the disc space between the 
posterosuperior fragment of the vertebral body and the 
body of the underlying vertebra. The disc space between 
the anteroinferior triangular (or quadrangular fragment) 
and the underlying vertebra is usually preserved [4]. 

According to C. Lee et al. [5], a sagittal vertical fracture 
of a fragment of the vertebral body or the arch fracture 
is observed in two thirds of cases of compressive-flexion 
injuries [6]. It is noted that the combination of teardrop 
fracture, sagittal vertebral body fracture and arch 
fracture is always associated with severe SC trauma. 
In case of such injuries, destruction of the posterior 
ligamentous complex is usually observed, which is 
accompanied by an increase in the interspinous space, 
facet joint diastasis, subluxation, spinal axis deformity 
and significant kyphosis [7]. The displacement of the 
posteroinferior body fragment dorsally is an indirect 
evidence of damage to the posterior longitudinal 
ligament.

The classification includes 5 stages of compressive 
f lexion injuries, listed with ascending severity: 
CFS1 - pathomorphological changes are represented 
by blunting of the anterosuperior vertebral body margin 
to the rounded contour. There are no signs of damage 
to the posterior ligamentous complex (Fig. 1A); 
CFS2 - in addition to the changes characteristic of CFS1, 
there is a tilt of the anterior contour of the body of the 
damaged vertebra and a decrease in the height of the 
anterior and central parts of the body. As a result of 
deformity, the anteroinferior part of the body is a kind of 
“beak”. There may also be an increase in the concavity 
of the inferior endplate and / or a vertical fracture of the 
central part of the damaged vertebral body (Fig.1B); 
CFS3 - in addition to the changes characteristic of 
CFS2, the fracture line, which passes at an angle from 
the anterior surface of the vertebral body through the 
center, reaches the inferior endplate. Thus, a beak-
shaped deformity fracture is formed - teardrop (Fig. 1C); 
CFS4 - in addition to the deformity of the central parts and 
a “beak” fracture, the lesion is a mild (<3 mm) displacement 
of the posteroinferior vertebral body margin into the 
spinal canal within the damaged SMS. Osteo-traumatic 
changes in CFS3 and CFS4 are identical (Fig. 1D); 
CFS5 - in addition to the changes characteristic of 
CFS3, there is a displacement of the posterior part 
of the vertebral body backward into the spinal canal. 
The spinal arch usually remains intact. There is the 
diastasis of articular surfaces of the facet joints and 
an increased distance between the spinous processes 
in the damaged SMS. The nature of the displacement 
indicates damage to both the posterior part of the 
anterior ligamentous complex and the entire posterior 
ligamentous complex. The posteroinferior margin of 
the above located (damaged) vertebra may be close to 
the endplate of the vertebra located below (Fig. 1E).

One variant of CFS5 injury is a “quadrangular” 
fragment fracture described by K. J. Favero and P. K. 
Van Peteghem [8]. The pathomorphological picture 
is represented by a large anteroinferior fragment, 
a significant displacement of the vertebral body 
backward, angular kyphosis and damage to the disc 
and posterior ligamentous complex (Fig. 1F). Thus, 
two “columns” are actually formed: the upper one, 
consisting of the posterosuperior fragment of the body 
with all cranially located vertebrae, and the lower one, 
formed by the anteroinferior fragment and caudally 
located vertebrae. The trauma is characterized by 
complete damage to all disco-ligamentous components 
that connect these columns [3].
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Neurological disorders in compressive-flexion 
injuries of the initial stages (CFS1 ‒ CFS2) are rare, the 
main cause of which is the traumatic disc herniation. 
Higher degree fractures are usually unstable injuries and 
can lead to serious neurological disorders. According 
to K.S. Kim et al. [9], in 56% of patients with teardrop 
fractures there is a clinic of complete injury to the 
SC, in 31% - a partial neurological deficit. Among 
incomplete injuries, anterior spinal syndrome is a 
common manifestation, associated either with direct 
ventral compression of the SC with a displaced bone 
fragment, or with impaired blood supply in the anterior 
spinal artery. Centromedullary syndrome or Brown-
Séquard syndrome are much less frequently registered 
(in sagittal fractures with posterior displacement of one 
fragment). According to the authors of the classification 
[1], neurological disorders in CFS3 were noted in 25% 
of cases, in CFS4 - in 38%, in CFS5 - in 91%.

Treatment strategy
Compressive-flexion fractures due to the formation 

of wedge-shaped deformity of the body are always 
characterized by segmental kyphosis, the degree of 
which is largely determined by the severity of the injury. 
In addition, the backward displacement of the fragments 
of the damaged vertebra, which is observed in more 
severe stages, determines the pronounced instability 
and increases the frequency of SC injuries.

Conser vat ive t reatment  i s  reasonab le in 
neurologically intact patients without damage to the 
posterior ligamentous apparatus and significant kyphotic 
deformity (<11 °) or shear displacement (<3.5 mm). This 
category includes most patients with stages CFS1-CFS2 
[10].

Therapeutic approach for patients with injuries of 
CFS3 stage (teardrop fractures without retrolisthesis) 
are chosen individually. In order to identify patients with 
a high risk of late instability, the progression of kyphosis 
and, accordingly, the development of neurological 
deficits, some authors recommend using the criteria of 
A. A. White and M. M. Panjabi [11].

At the initial stages of injury for conservative 
treatment, fixation of the CS with a rigid neck brace 
for 8‒12 weeks is used. A prerequisite is regular 
spondylographic examination while wearing the orthosis 
and performing radiography with functional tests after 
its removal to confirm the preservation of the relative 
position of bone structures. It is noted that the halo 
device can be used in patients with higher stages 
of damage in the absence of neurological disorders. 
However, a number of studies have shown that residual 
kyphosis in conservative treatment is significantly 
greater than after ventral decompression-stabilization 
intervention.

Surgical management. The presence of neurological 
disorders and instability are absolute indications 
for surgery for compressive flexion injuries. Stages 
CFS4-CFS5 are unstable injuries that are accompanied 
by significant damage to the posterior ligamentous 
complex and / or intervertebral disc and require 
surgical stabilization even in the absence of neurological 
deficit. CFS3 injuries are also often subject to surgical 
correction, especially in the presence of significant 
kyphotic deformity. In case of CFS3-CFS5 injuries, 
surgical stabilization provides earlier mobilization and 
rehabilitation.

In order to correct kyphotic deformity and 
decrease shear displacement, preoperative and 

Fig. 1. Stages of compressive-flexion injuries: A - CFS1; B - CFS2; С- CFS3; D - CFS4; E- CFS5; F - CFS5 
(«quadrangular» fracture)
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intraoperative traction can be used. Displacement of 
body fragments into the spinal canal usually requires 
ventral corpectomy and decompression of nerve 
structures. The anterior column is reconstructed using 
a bone graft or body replacement implant, usually a 
mesh cage in combination with a ventral plate, which 
provides a primary stable spondylodesis. The use of 
dynamic plates for such injuries is not recommended. 
It is noted that until the 1990s, posterior stabilization 
was considered the best method due to the higher 
frequency of complications when using ventral fixation 
systems. With the advent of titanium locking plates, 
which provide rigid stabilization with monocortical 
screws, the complication rate associated with these 
devices has significantly decreased.

When comparing the anterior and posterior surgical 
approaches in the treatment of compressive flexion 
injuries, it is shown that ventral decompression and 
fusion interventions provide complete restoration 
of the spinal canal diameter and regression of 
neurological disorders [12]. In most cases an isolated 
anterior approach is sufficient to achieve adequate 
decompression and stabilization [13]. However, in case 
of CFS5 injury, especially in case of a “quadrangular” 
fracture, 360 ° stabilization is preferred [14].

Vertical compression
Injury with a vertical compression (VC) mechanism 

is the result of exposure to a straight or physiologically 
curved spine of axially directed vector of traumatic 
force. Axial compressive load leads to damage to the 
endplates earlier than the intervertebral disc, as a result 
of the material of the nucleus pulposus is integrated 
into the vertebral body [15]. More severe injuries are 
characterized by displacement of bone fragments into 
the spinal canal, but there is no damage to the posterior 
longitudinal ligament, except in the presence of a 
minimal flexion element. Injuries with a mechanism of 
vertical compression are most typical for the C6 and 
C7 vertebrae. In some cases, damage to the posterior 
support complex is registered simultaneously, which 
leads to even greater instability of these injuries. Based 
on the severity of the described pathomorphological 
changes, B.L. Allen identifies 3 stages of injury with a 
mechanism of vertical compression:

VCS1 - injury is characterized by a fracture of 
the superoir or inferior endplate of the vertebral body 

with its “cup-shaped” deformity. The fracture is always 
central, not anterior. Signs of damage to the ligamentous 
apparatus are not determined (Fig.2A);

VCS2 - changes are represented by fractures 
of both endplates of a vertebra with “cup-shaped” 
deformity. Fracture lines passing through the center of 
the vertebra can be observed, but the displacement of 
the fragments in this case is minimal (Fig. 2B);

VCS3 - injuries are characterized by more 
pronounced damage compared to VCS2 damage to 
the vertebral body. Its center is fragmented, and the 
fragments are displaced to the periphery in several 
directions. If several large fragments remain, then a 
vertical fracture line can be verified, which is similar to 
CF, but significant body fragmentation is expressed. The 
posterior part of the vertebral body can be displaced 
into the spinal canal. Damage to the posterior support 
complex is variable. In some cases, the spinal arch 
is completely intact and no signs of damage to the 
ligamentous apparatus, in others multiple fractures 
of the arch with a gross damage of the posterior 
ligamentous complex are observed (Fig. 2C). In case 
of an arch fracture, damage to the ligaments between 
the injured and the underlying vertebra is recorded. 
Stage 3 injuries, in which the spinal arch is intact, are 
characterized by significant kyphotic deformity at the 
level of injury.

Thus, within the VCS3 stage, the authors actually 
identified two injuries subtypes, which are determined 
by the position of the СS at the final stage of axial load 
effect: late flexion subtype, which is characterized by 
local kyphotic deformity, and late extension subtype, 
which, in addition to these injuries, the displacement/ 
or fractures of the arch is observed.

Treatmen strategy
The main criteria that determine the treatment 

strategy for subaxial CS injuries with the mechanism of 
vertical compression are the presence of neurological 
disorders, the degree of compression of the spinal canal 
and instability, the signs of which are verified damage to 
the posterior support complex or solution of contiguity 
of the vertebrae in the injured SMS [16,17]. Trauma to 
the structures of the spinal canal in this type of injury 
is determined mainly by the displacement of fragments 
of the vertebral body backward. It is noted that usually 
the radiologically determined degree of spinal stenosis 
in vertical compression injuries does not fully determine 

Fig. 2. Stages of compression injuries: A - VCS1; B - VCS2; С - VCS3
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the severity of neurological disorders, since the actual 
displacement of body fragments into the canal at the 
time of injury is more pronounced than during study.This 
phenomenon is determined by passive ligamentotaxis 
due to the preserved posterior longitudinal ligament 
[17].

Conservative treatment is acceptable for VCS1 or 
VCS2 stages, which are characterized by damage to one 
or two endplates with minimal loss of body height without 
significant angular deformity or shear displacement. In 
the absence of disco-ligamentous injury, spinal stenosis 
and neurological deficits, which are observed in most 
patients with such injuries, fixation with a cervical collar 
is used for 12 weeks. Some authors recommend the use 
of a halo device to achieve greater rigidity of fixation in 
VCS2 injuries [18]. A prerequisite is the performance 
of radiography with functional tests after the date of 
probable consolidation has been reached.

Surgical management is indicated in the presence of 
neurological deficits, significant stenosis of spinal canal 
or violation of spinal axis. Fragmentation of the vertebral 
body, loss of its height, kyphotic deformity or damage to 
the posterior support complex, which is characteristic of 
VCS3, cause a high degree of instability of such injuries 
and, accordingly, are often accompanied by neurological 
disorders. Anterior corpectomy surgery followed by body 
replacement with a mesh cage in combination with a 
ventral plate or body replacement implant provides a 
statistically significantly more pronounced regression 
of neurological disorders compared to non-surgical 
methods of treatment [19]. Anterior approach is 
virtually non-alternative for traumatic injuries caused 
by vertical compression. Significant fragmentation of 
the injured vertebral body to a certain extent facilitates 
the performance of a corpectomy, and its fragments 
are used as a filler of the body replacement structure. 
Additional posterior fixation for compression injuries 
is practically not used. The exception is neurologically 
completely intact patients, in whom the use of posterior 
monosegmental transarticular / pedicle fixation allows 
preserving more mobile SMS. The use of preoperative 
traction of CS for partial indirect decompression due to 
ligamentotaxis is permissible, especially in cases when 
surgery is postponed due to medical indications [20,21].

Distractive flexion type
Distractive flexion (DF) injuries are a common type 

of subaxial CS injury. The most common cause of such 
injuries is a traffic accident where the distraction is 
the result of acceleration. In some cases, such injuries 
occur when falling. In fact, distractive flexion injuries are 
represented by anterior dislocations, the degree of which 
varies from the facet capsule distraction to complete 
displacement. According to C.D. Allred and J.B. Sledge, 
distractive flexion injuries account for about 61% of all 
closed subaxial CS injuries [22]. Neurological disorders 
of varying severity are registered in 30-90% of cases 
[23]. Distractive flexion injuries are more common in 
men aged 30-40 years. Most often the motor segment 
C6-C7 is damaged, less often - C4-C5 and C5-C6 [24].

The orientation of the facet joint in CS is coronal, 
while the inferior articular facet of the cranially located 

vertebra is localized backward from the superior 
articular facet of the caudal vertebra. Therefore, flexion 
in combination with distraction leads to widening of 
the interspace of the facet joint and damage to the 
ligamentous apparatus, which causes an abnormal 
range of motion between the articular surfaces. The 
superior dislocation is formed in those cases when the 
pole of the inferior articular process of one vertebra 
rests on the superior articular process of the underlying 
vertebra. In case of facet dislocation, which is interlocked 
the inferior articular process is located in front of the 
superior articular process. In front of the superior 
facet of segments C3-C6 in most cases there are the 
nerve root of the spinal nerve and the vertebral artery. 
Consequently, such displacements can lead to root 
compression with paresis of the corresponding muscle 
group or injuries of the vertebral arteries.

There are 4 stages of distractive flexion injuries, with 
the descriptor «flexion» indicating the location of the CS 
in space at the moment of injury, and «distraction» - the 
direction of the main traumatic force [25].

Additional damage vectors accompanying distractive 
flexion effects are compression, rotation, or displacement. 
These vectors lead to concomitant injuries, such as 
compression of the superior endplate of the caudally 
located vertebra within the injured SMS, the formation 
of an interlocked dislocation, or damage to the posterior 
support complex [26].

DFS1 - stage is characterized by damage to 
the posterior ligamentous complex, as evidenced by 
subluxation of the facet joints with pathological widening 
of the interspinous space in the injured SMS when 
bending the neck («flexion ligament sprain») (Fig. 3A). 
Blunting of the anterosuperior margin of the underlying 
vertebra to a rounded shape, reminiscent of the changes 
characteristic of CFS1 is often observed. In some cases, 
there is more pronounced compressive injury to the body 
of the vertebra located below by the compression-flexion 
type, for example, DFS1 C4,5 CFS2 C5,6;

DFS2 - unilateral dislocation of the facet is 
observed at this stage. The level of injury to the 
ligamentous apparatus can vary from partial, sufficient 
only for unilateral dislocation, to complete injury to 
both the anterior and posterior ligamentous complex. 
The subluxation of the facet on the side which is the 
contralateral side of the dislocation site, indicates 
signif icant damage to the ligaments. Rotational 
displacement can be observed in the injured SMS 
with widening of the uncovertebral joint on the side of 
dislocation and displacement of the spinous process 
towards the dislocation (Fig. 3B);

DFS3 - this stage is represented by bilateral 
dislocation of facets, which is accompanied by a 
displacement of the vertebral body forward up to 50%. 
The inferior facet of the cranial vertebra is located 
forwardly of the superior facet of the caudal vertebra, 
which is characteristic of a dislocation that is interlocked, 
or a superior subluxation is observed. In some cases, 
rounding of the anterosuperior margin of the vertebra 
located below may also be observed (Fig. 3C);

DFS4 - there is either a forward displacement of the 
vertebra located above the entire width of the vertebral 



9Ukrainian Neurosurgical Journal. Vol. 27, N3, 2021

http://theunj.org

damaged SMS to a state that allows restoring the 
congruence of the facet joints. Gardner bracket or 
its modifications are most often used to perform 
manipulation [30].

According to the current recommendations, it is 
optimal to use the initial weight from 2.5 to 5.0 kg with 
its subsequent increase to an indicator calculated as 2‒5 
kg for each SMS, located above the damaged one [31,32]. 
After adding the initial traction weight, X-ray control 
and assessment of neurological status are performed. 
Additional 2‒5 kg are added every 5‒10 min depending 
on the relative position of the dislocated facets, followed 
by X-ray examination and clinical evaluation. After 
reaching the diastasis of the articular surfaces of the 
facets, stretching, which is gradually intensified, is 
combined with flexion of the CS to facilitate reposition. 
After repositioning the dislocation, the traction weight is 
reduced to 10‒20 kg, and the CS is slightly unflexed to 
increase the contact area of ​​the articular surfaces and 
reduce the risk of recurrence of the dislocation. In case of 
unilateral dislocation of the facet, turning the head up to 
40 ° towards the dislocation can facilitate repositioning.

According to the literature, the main contraindications 
to closed reduction with the use of skeletal traction 
are impaired patient’s consciousness, which excludes 
the possibility of assessing neurological status 
when performing manipulations, refusal to perform 
commands, for example, in case of mental and behavioral 
disorders due to alcohol intoxication, the presence of 
instrumentally verified bone fragments in spinal canal 
or traumatic extrusion of the intervertebral disc.

Some authors question the economic feasibility of 
performing magnetic resonance imaging for reposition. 
Thus, R.A. Hart et al. demonstrated the safety of closed 

body, or «floating vertebra». The latter is characterized 
by both anterior complete dislocation and cranio-caudal 
diastasis in damaged SMS (Fig. 3D).

Treatment strategy
The main task of treatment of facet joints dislocations 

is to maintain the functional and anatomical integrity of 
the SC. This is achieved by restoring the spinal axis, 
eliminating stenosis of the spinal canal and ensuring 
the stability of the injured SMS [27]. These conditions 
are critical for the maximum possible regression of the 
existing neurological deficit caused by trauma, and 
prevention of the development of chronic pain.

Conservative treatment of distractive-flexion injuries 
is considered the best option for facets subluxation in 
case of minor damage to the ligamentous apparatus. 
DFS1 injuries are usually stable and allow external 
fixation with a cervical collar for 6‒12 weeks. To 
prevent the formation of subacute instability, a series 
of spondylograms with functional tests is indicated. In 
patients with a clinical picture of partial damage to the 
SC in DFS2 ‒ DFS4 injuries, the earlier closed reduction 
provides a significantly greater degree of recovery of 
neurological disorders [28]. Thus, D. Newton et al. 
describe complete recovery of neurological disorders 
in 5 out of 8 patients with baseline ASIA A in case of 
performing reduction within the first 4 hours after injury 
[29].

As with any other dislocation, facet joints dislocation 
can be repositioned in a closed or open manner. Closed 
reduction of SC dislocations can be performed by two 
fundamentally different methods: applying the skeletal 
traction or closed single-step manual reposition. 
Nowadays, the application of skeletal traction is a 
common technique and is based on stretching the 

Fig. 3. Stages of distractive-flexion injuries: A - DFS1; B - DFS2; C - DFS3; D - DFS4
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reduction using skeletal traction in neurologically intact 
patients while maitaining consciousness [28]. G.A. 
Grant recommends the earliest possible reduction of 
CS dislocations without additional magnetic resonance 
imaging in patients with severe neurological disorders 
[33]. In addition, a number of studies have shown 
that closed reduction in patients with underlying 
medicamental sedation in most cases is safe [33, 34].

In addition to the described method, wire pulling 
methods for the parietal bone or zygomatic arches were 
previously used, but now they have historical rather than 
practical significance.

Closed single-step reduction is an alternative 
to skeletal traction. The main indication is the need 
for immediate elimination of the violation of the 
configuration of the spinal canal and compression of the 
SC. Definitive advantage of the method is the ability to 
quickly perform manipulations even in the absence of 
specialized technical support. Cases of successful manual 
reduction of dislocations due to inefficiency of skeletal 
traction are described. Considering the large number of 
methods proposed by both domestic and foreign authors, 
manual single-step reduction is effective in a wider 
range of pathomorphological changes that accompany 
distractive-flexion injuries (Fig. 4A) [35,36]. Closed 
single-step reduction is often performed with underlying 
general anesthesia in order to achieve adequate muscle 
relaxation [37]. Here is one of the common algorithms 
[38]:

–1st stage: traction along the longitudinal axis of 
the spine for several minutes with a gradual increase in 
effort (Fig. 4B);

–2nd stage: without weakening the effort, the 
direction of traction by 10‒12 ° upwards is changed. In 

this case the flexion of CS is reached. As a result, the 
displaced forward articular processes are raised from 
the superior vertebral notch of the vertebra located 
below and the dislocation, which is locked, turns into a 
dislocation with a high standing of the articular processes 
(Fig. 4C);

–3rd stage: without weakening the effort, the 
direction of traction is changed by 20‒30 ° downward, 
reaching the extension of the CS. In this case the 
condition of the articular processes is normalized, but 
the diastasis of the joint space is preserved (Fig. 4D);

–4th stage: gradual decrease of traction with 
extension of CS which continues (Fig. 4E).

Unlike common «lever» methods, the described 
method is based only on the principle of ligamentotaxis 
[36]. It does not provide for rotational movements and 
support on the articular process during reduction, which 
prevents the occurrence of traumatic intervertebral 
hernias or interposition of bone fragments in the presence 
of fractures of the elements of vertebral arches of the 
damaged SMS. Performing a closed single-step reduction 
requires certain skills and appropriate qualifications from 
the surgeon.

Surgical management. Open reduction and 
spondylodesis are indicated in case of ineffective closed 
reduction and contraindication to closed reduction. In 
addition, even in case of spinal axis restoration in DFS2 
‒ DFS4 injuries, spondylodesis is mandatory, since 
such injuries are characterized by damage to both the 
anterior discoligamentous apparatus and the posterior 
ligamentous complex. Conservative management of 
patients with reduced dislocation of SC at the subaxial 
level with immobilization with a rigid head supporter is 
considered ineffective due to a significantly higher risk of 

Fig. 4. Stages of closed single-moment reduction according to S.N. Nekhlopochin et al. [38]. A - the original 
picture; B - 1st stage: axial traction; C - 2nd stage: traction with flexion; D - 3rd stage: traction with extension; 
E - 4th stage: extension without traction
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instability, chronic pain and distant neurological disorders 
with repeated dislocations [39]. Surgical approaches 
for unilateral or bilateral dislocations include isolated 
anterior, posterior, combined anteroposterior, and staged 
anteroposterior-anterior [40, 41]. The choice of the 
optimal surgical method depends on a large number of 
factors: the degree of instability, the presence of ventral 
compression, the possibility of open indirect reduction, 
etc. [42]. The advantages and disadvantages of various 
surgical approaches have been discussed earlier [43].

Compressive-extension type
The main causes of compressive extension (CE) 

subaxial CS injuries are falling or diving into a small 
body of water, when the point of contact with the surface 
is the forehead or face. The axial load falls mainly 
on the posterior support complex, causing unilateral 
or bilateral damage of it at the initial stages without 
significant displacement of bone fragments. In case of 
traumatic force that continues, the center of rotation of 
the extension moment is shifted forward and downward, 

causing a rupture between the anterior and posterior 
support complexes of the injured vertebra. The following 
pathomorphological stages of compressive extension 
injuries are proposed in the classification:

CES1 - injury is characterized by a unilateral 
fracture of the vertebral arch with rotation and forward 
displacement or without such. Arch injury can be a linear 
fracture of the articular process (Fig. 5A), compression 
of the articular process, ipsilateral fracture of the 
pedicle (Fig. 5B) or fracture of the lamina (Fig. 5C) or 
a combination of ipsilateral fracture of the pedicle and 
articular process. Rotational displacement can occur in 
any of these fractures, but is not a fundamental feature 
and is usually less pronounced compared to DFS2;

CES2 –injury is a bilateral fracture of the lamina 
without other signs of osteo - traumatic changes. It is 
most often observed at several adjacent levels (Fig. 5D);

CES3 - injury is characterized by bilateral fractures 
of the vertebral arch - articular processes, pedicles, 
lamina or any combination without displacement of the 
vertebral body (Fig. 5E);

Fig. 5. Stages of compressive extension injuries: A - CES1a; B - CES1b; C - CES1c; D - CES2; E - CES3; F - 
CES4; G - CES5
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CES4 - injury is accompanied by bilateral fractures 
of the vertebral arch with a forward displacement less 
than the width of the vertebral body (Fig. 5F);

CES5 - injury is a bilateral fracture of the vertebral 
arch with a forward displacement over the entire width 
of the vertebral body. In this case the posterior part 
of the arch of the injured vertebra is not displaced. 
Damage to the ligamentous apparatus is observed at 
two levels (posteriorly, between the injured vertebra 
and the vertebra located above, and anteriorly between 
the injured and caudal vertebrae). The anterosuperior 
part of the body of the vertebra located below is often 
damaged by the forward-displaced body of the cranial 
vertebra (Fig. 5G).

In the original publication, the CES3 and CES4 
stages are presented «theoretically», since the authors 
did not observe such injuries in the analyzed group of 
patients [1]. However, their existence was subsequently 
confirmed by relevant clinical cases [44,45].

The actual incidence of compressive extension 
injuries of the SC is difficult to assess, since the 
initial stages may be asymptomatic. Moreover, even 
the CES4-CES5 stages, which are formed under 
the influence of significant traumatic force and are 
accompanied by large osteoligamentous injries, are 
not always accompanied by neurological disorders due 
to spontaneous decompression of the spinal canal and 
relative preservation of the spinal axis. According to E. 
Rebich et al., the average diameter of the spinal canal 
at CES4 is 20 mm, at a more severe stage of CES5 is 
30 mm [45].

Treatment strategy
The treatment strategy of compressive extension 

injuries is determined mainly by the stability of the 
injury than by other criteria. The exception is traumatic 
extrusions of intervertebral discs, which are rarely 
formed against the background of ventral displacement 
of the damaged vertebral body.

In general, it is believed that CES1-CES2 injuries 
are stable, therefore the best method is conservative 
therapy with external fixation of CS with rigid cervical 
brace [46]. Surgical correction for such injuries is 
performed only with significant secondary rotational 
deformity in cases of asymmetric damage to facet joints.

External immobilization can also be used in the 
treatment of CES3 injuries, but only with a halo device 
[47]. However, a more reliable method that provides 
early rehabilitation is surgical stabilization [48]. It is 
possible to connect the anterior and posterior vertebral 
fragments with cannulated screws to maintain the 
mobility of adjacent SMS or transpedicular fixation [49]. 
In general, the treatment strategy of CES3 injuries are 
quite controversial, since this type of injury is quite rare 
and is only sporadically mentioned in publications.

The absolute indications for surgery are the CES4 
and CES5 stages, due to the pronounced instability of 
the lesions. It is noted that the spinal axis deformity 
can be corrected by preoperative and intraoperative 
traction, although many authors recommend refraining 
from traction in any extension injuries [2]. The method 
of choice for such injuries is posterior monosegmental 
or bisegmental stabilization. In case of significant 
destruction of the body or the presence of ventral 
compression of the structures of the spinal canal, a 

combined anteroposterior approach is used. Isolated 
ventral spondylodesis is rarely used [45].

One of specific types of SC injuries, characteristic 
mainly for compressive extension injuries, is the 
centromedullary syndrome, which occurs mainly in 
elderly patients. At the same time the frequency and 
severity of neurological disorders do not correlate 
with the severity of osteoligamentous damage. 
The pathogenesis of SC injury in hyperextension is 
represented by several mechanisms [20]. In 1951, 
A.R. Taylor demonstated that CS hyperextension leads 
to narrowing of the spinal canal by up to 30% [50]. 
Therefore, the compression of the SC in compressive 
extension injuries is due to the narrowing of the spinal 
canal, which is usually already stenosed in elderly 
patients, the protrusion of the folds of the ligamentum 
flavum and the presence of osteophytes. The prognosis 
for recovery of neurological function is generally 
favorable, but significant residual hand dysfunction and 
transient spasticity may be observed [51]. Previously, 
conservative methods of treatment of centromedullary 
syndrome were preferred [52], but studies conducted 
in recent decades demonstrate a greater regression 
of neurological disorders in decompression performed 
depending on the clinical situation from anterior or 
posterior approach [53,54].

Distractive extension type
Distractive extension injuries (DE) account for 8‒22% 

of all subaxial CS injuries [55,56]. The vector of traumatic 
force, which causes hyperextension of the CS, but does 
not contain a compression component, first leads to the 
disco-ligamentos injury of the anterior support complex 
without displacement [1]. If the exposure continues, 
then damage to the posterior support complex occurs, 
which is accompanied by either isolated damage to the 
ligamentous apparatus or osteoligamentous injury. Such 
injuries often result in neurological impaiments due to 
the SC compression between the stable lamina of the 
underlying vertebra and the backwardly displaced body 
of the cranially located vertebra. Pathological conditions 
that reduce the flexibility of CS (ankylosing spondylitis 
and diffuse idiopathic skeletal hyperostosis) lead to 
distractive extension injuries associated with trauma 
to the frontal region or face [57]. There are 2 stages of 
distractive extension injuries in the classification:

DES1 - injury is characterized by damage to the 
anterior ligamentous complex or a transverse displaced 
fracture of the vertebral body. If mainly the disco-
ligamentous complex is injured, which is observed in 
most cases, then there may be a separation of the 
anterosuperior margin of the body of the vertebra 
located below. The radiographic finding of the injury 
is usually an abnormal expansion of the disc space. 
Backward displacement is not registered (Fig. 6A);

DES2 - in addition to the changes observed in 
DES1, there is damage to the posterior ligamentous 
complex with displacement of the superior vertebral body 
posteriorly and compression of the spinal canal. Most 
minor injuries of this type tend to spontaneously reduce 
when bending forward. Therefore on spondylograms 
displacement of a body dorsally to 3 mm is often 
registered (Fig. 6B). The most severe form of DES2 is 
a posterior dislocation.
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Treatment strategy
The treatment strategy of distractive extension 

injuries are still not clearly defined. Thus, DES1 as 
relatively stable lesions, according to some authors, 
are subject to conservative therapy with fixation of the 
CS using halo device [58]. However, applying a halo 
device, in addition to the associated risks of infection, 
does not completely prevent secondary displacement, 
even in DES1 injuries [47]. In the presence of ankylosing 
spondylitis or other connective tissue pathology, 
surgical stabilization is indicated regardless of injury 
level. A.R. Vaccaro et al. when analyzing one of the 
numerous series of patients it was found that surgery 
for DES1 injury was performed in 64% of cases [59]. 
ACDF (ventral discectomy and stabilization) is most 
commonly used.

All DES2 type injuries are subject to surgical 
stabilization, preference is given to posteroanterior 
approaches (posterior open direct reduction with 
removal of fragments of the posterior support complex if 
necessary and stabilization followed by anterior fixation).

Distractive extension injuries are accompanied 
by high mortality, partly due to the significant age of 
patients. Mortality in the postoperative period reaches 
31%, with conservative therapy - 63% [59].

Lateral-flexion type
Lateral flexion (LF) type of injury is formed by tilting 

the head to one side, respectively, any compression 
effect leads to an asymmetric fracture of the vertebral 
body and unilateral fracture of the elements of the 
posterior support complex, with the fracture line lying in 
the sagittal plane. Neurological disorders in such injuries 
are rare and can be caused mainly by compression or 

avulsion of the roots [2]. There are 2 stages of lateral-
flexion injuries in the classification:

LFS1 - injury is an asymmetric compression fracture 
of the vertebral body in combination with a fracture of 
the arch on the ipsilateral side without displacement 
of fragments on the anteroposterior spondylograms. 
Compression of the articular process can be determined 
on computed tomograms. Asymmetric damage to 
the vertebral body can be manifested in the form of 
uncovertebral fracture with slight compression of the 
adjacent cranial body in the area of ​​the uncovertebral 
joint (Fig. 7A);

LFS2 - injury is characterized by lateral asymmetric 
compression of the vertebral body, ipsilateral fracture 
of the arch with displacement of fragments, defined on 
the anteroposterior spondylograms and / or rupture 
of ligaments on the contralateral side with diastasis of 
articular surfaces (Fig. 7B).

Treatment strategy
Most LFS1 injuries are treated conservatively. 

Surgery is used mainly for root decompression. More 
severe injuries (LFS2), which are accompanied by rupture 
of the ligamentous apparatus on the contralateral 
side, are potentially rotationally unstable and require 
stabilization. In addition, in some cases, laterolisthesis 
may occur, which also requires surgical correction [60]. 
Depending on the clinical situation, anterior or posterior 
approach can be used [61].

In 2020, the WFNS Spine Committee published 
updated guidelines on the principles of management 
of traumatic subaxial CS injuries [62]. The following 
are the main strategic aspects of the treatment of CS 
injuries, which are based on the classification of B.L. 
Allen (Table 1).

Fig. 6. Stages of distractive 
extension injuries: A - DES1; B 
- DES2

Fig. 7. Stages of lateral flexion injuries: A - LFS1; B - LFS2
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Conclusions
The data presented in the review quite convincingly, 

in our opinion, demonstrate that the classification of 
traumatic subaxial cervical spine injuries, developed 
by B.L. Allen, is a convenient tool for assessing 
pathomorphological changes. Determining the type and 
stage of traumatic injuries with proper practical skills is 
not difficult for professionals. The availability of detail 
and a large number of publications allow you to choose 
the optimal method of treating the patient in a specific 
clinical situation.

Disclosure
Conflict of interest
The authors declare that they have no conflicts of 

interest.
Ethical approval
This article is a literature review, therefore no ethics 

committee approval was required.
Funding
The study was not sponsored.

References
1. Allen BL, Jr., Ferguson RL, Lehmann TR, O’Brien RP. A 

mechanistic classification of closed, indirect fractures and 
dislocations of the lower cervical spine. Spine (Phila Pa 1976). 
1982;7(1):1-27. doi: 10.1097/00007632-198200710-00001

2. Zaveri G, Das G. Management of Sub-axial Cervical Spine 
Injuries. Indian J Orthop. 2017;51(6):633-652. doi: 10.4103/
ortho.IJOrtho_192_16

3. Kim KS, Chen HH, Russell EJ, Rogers LF. Flexion teardrop 
fracture of the cervical spine: radiographic characteristics. 
AJR American journal of roentgenology. 1989;152(2):319-
326. doi: 10.2214/ajr.152.2.319

4. Harris JH, Jr., Edeiken-Monroe B, Kopaniky DR. A practical 
classification of acute cervical spine injuries. Orthop Clin 
North Am. 1986;17(1):15-30.

5. Torg JS, Pavlov H, O’Neill MJ, Nichols CE, Jr., Sennett 
B. The axial load teardrop fracture. A biomechanical, 
clinical and roentgenographic analysis. The American 
journal of sports medicine. 1991;19(4):355-364. doi: 
10.1177/036354659101900406

6. Lee C, Kim KS, Rogers LF. Triangular cervical vertebral body 
fractures: diagnostic significance. AJR American journal 
of roentgenology. 1982;138(6):1123-1132. doi: 10.2214/
ajr.138.6.1123

7. Scher AT. ‘Tear-drop’ fractures of the cervical spine - 
radiological features. South African medical journal = Suid-
Afrikaanse tydskrif vir geneeskunde. 1982;61(10):355-356.

8. Favero KJ, Van Peteghem PK. The quadrangular fragment 
fracture. Roentgenographic features and treatment protocol. 
Clin Orthop Relat Res. 1989(239):40-46.

9. Kahn EA, Schneider RC. Chronic neurological sequelae of 
acute trauma to the spine and spinal cord. I. The significance 
of the acute-flexion or tear-drop fracture-dislocation of the 
cervical spine. J Bone Joint Surg Am. 1956;38-A(5):985-997.

10. Berry CA, Rao RD. Compressive Flexion and Vertical 
Compression Injuries of the Subaxial Cervical Spine. 
Seminars in Spine Surgery. 2013;25(1):36-44. doi: 10.1053/j.

Table 1. Therapy of subaxial cervical spine injuries according to the morphology of the injury (according to S. 
Sharif et al.[62])

Type / stage 
of injury 

according to the 
classification of 

B.L. Allen

Treatment

VCS1‒VCS2 External fixation for 8-12 weeks

VCS3 - Halo brace immobilization for 12 weeks in the absence of neurological disorders

- In the presence / appearance of neurological disorders - ACCF (ventral corpectomy and 
stabilization) or posterior transarticular / transpedicular fixation

CFS1‒CFS2 External fixation for 8-12 weeks

CFS3‒CFS4 АССF (ventral corpectomy and stabilization)

CFS5 - АССF (ventral corpectomy and stabilization)

- Combination of ACCF with posterior stabilization in case of significant damage to posterior 
ligamentous apparatus or multilevel corpectomy

DFS1 Rigid external fixation for 8-12 weeks

DFS2 Closed posterior or anterior open reduction

DFS3‒DFS5 Open anterior or posterior reduction

CES1‒CES2 Rigid external fixation for 12 weeks

CES3 Halo brace immobilization

CES4‒CES5 - Multilevel posterior transarticular / transpedicular fixation

- In case of significant damage to the vertebral body - additional ACCF

DES1 ACDF (ventral discectomy and stabilization)

DES2 - Posterior reduction and stabilization + ACCF / ACDF in case of damage to the anterior 
support complex

- In case of restoration of the spinal axis with light traction - multilevel posterior 
stabilization

- If recovery is not possible – posterior reduction and stabilization + ACCF

LFS1 Conservative treatment

LFS2 Posterior stabilization of one motor segment



15Ukrainian Neurosurgical Journal. Vol. 27, N3, 2021

http://theunj.org

semss.2012.07.001
11. White AA, 3rd, Panjabi MM. Update on the evaluation of 

instability of the lower cervical spine. Instr Course Lect. 
1987;36:513-520.

12. Toh E, Nomura T, Watanabe M, Mochida J. Surgical treatment 
for injuries of the middle and lower cervical spine. Int Orthop. 
2006;30(1):54-58. doi: 10.1007/s00264-005-0016-4

13. Garvey TA, Eismont FJ, Roberti LJ. Anterior decompression, 
structural bone grafting, and Caspar plate stabilization 
for unstable cervical spine fractures and/or dislocations. 
Spine (Phila Pa 1976). 1992;17(10 Suppl):S431-435. doi: 
10.1097/00007632-199210001-00015

14. Cybulski GR, Douglas RA, Meyer PR, Jr., Rovin RA. 
Complications in three-column cervical spine injuries 
requiring anterior-posterior stabilization. Spine (Phila 
Pa 1976). 1992;17(3):253-256. doi: 10.1097/00007632-
199203000-00001

15. Hansson T, Roos B, Nachemson A. The bone mineral 
content and ultimate compressive strength of lumbar 
vertebrae. Spine (Phila Pa 1976). 1980;5(1):46-55. doi: 
10.1097/00007632-198001000-00009

16. Dvorak MF, Fisher CG, Fehlings MG, Rampersaud YR, Oner 
FC, Aarabi B, Vaccaro AR. The surgical approach to subaxial 
cervical spine injuries: an evidence-based algorithm based 
on the SLIC classification system. Spine (Phila Pa 1976). 2007 
Nov 1;32(23):2620-9. doi: 10.1097/BRS.0b013e318158ce16

17. Carter JW, Mirza SK, Tencer AF, Ching RP. Canal geometry 
changes associated with axial compressive cervical spine 
fracture. Spine (Phila Pa 1976). 2000;25(1):46-54. doi: 
10.1097/00007632-200001010-00010

18. Bucholz RD, Cheung KC. Halo vest versus spinal fusion for 
cervical injury: evidence from an outcome study. J Neurosurg. 
1989;70(6):884-892. doi: 10.3171/jns.1989.70.6.0884

19. Koivikko MP, Myllynen P, Karjalainen M, Vornanen M, 
Santavirta S. Conservative and operative treatment 
in cervical burst fractures. Arch Orthop Trauma Surg. 
2000;120(7-8):448-451. doi: 10.1007/s004029900129

20. Rushton SA, Vaccaro AR, Levine MJ, Smith M, Balderston 
RA, Cotler JM. Bivector traction for unstable cervical spine 
fractures: a description of its application and preliminary 
results. J Spinal Disord. 1997;10(5):436-440.

21. Harrington RM, Budorick T, Hoyt J, Anderson PA, Tencer AF. 
Biomechanics of indirect reduction of bone retropulsed into 
the spinal canal in vertebral fracture. Spine (Phila Pa 1976). 
1993;18(6):692-699. doi: 10.1097/00007632-199305000-
00003

22. Allred CD, Sledge JB. Irreducible dislocations of the cervical 
spine with a prolapsed disc: preliminary results from a 
treatment technique. Spine (Phila Pa 1976). 2001;26(17):1927-
1930; discussion 1931. doi: 10.1097/00007632-200109010-
00021

23. Nakashima H, Yukawa Y, Ito K, Machino M, Kato F. 
Mechanical patterns of cervical injury influence postoperative 
neurological outcome: a verification of the allen system. 
Spine (Phila Pa 1976). 2011;36(6):E441-446. doi: 10.1097/
BRS.0b013e3181d99e8c

24. Dvorak MF, Fisher CG, Aarabi B, Harris MB, Hurbert 
RJ, Rampersaud YR, et al. Clinical outcomes of 90 
isolated unilateral facet fractures, subluxations, and 
dislocations treated surgically and nonoperatively. Spine 
(Phila Pa 1976). 2007;32(26):3007-3013. doi: 10.1097/
BRS.0b013e31815cd439

25. Whang PG, Patel AA, Vaccaro AR. The development and 
evaluation of the subaxial injury classification scoring 
system for cervical spine trauma. Clin Orthop Relat Res. 
2011;469(3):723-731. doi: 10.1007/s11999-010-1576-1

26. Sim E, Vaccaro AR, Berzlanovich A, Schwarz N, Sim B. In 
vitro genesis of subaxial cervical unilateral facet dislocations 
through sequential soft tissue ablation. Spine (Phila Pa 1976). 
2001;26(12):1317-1323. doi: 10.1097/00007632-200106150-
00009

27. Joaquim AF, Patel AA. Subaxial cervical spine trauma: 
evaluation and surgical decision-making. Global Spine J. 
2014;4(1):63-70. doi: 10.1055/s-0033-1356764

28. Hart RA. Cervical facet dislocation: when is magnetic 
resonance imaging indicated? Spine (Phila Pa 1976). 
2002;27(1):116-117. doi: 10.1097/00007632-200201010-
00030

29. Newton D, England M, Doll H, Gardner BP. The case for 
early treatment of dislocations of the cervical spine with 
cord involvement sustained playing rugby. J Bone Joint 
Surg Br. 2011;93(12):1646-1652. doi: 10.1302/0301-
620X.93B12.27048

30. Cotler JM, Herbison GJ, Nasuti JF, Ditunno JF, Jr., An H, 
Wolff BE. Closed reduction of traumatic cervical spine 
dislocation using traction weights up to 140 pounds. Spine 
(Phila Pa 1976). 1993;18(3):386-390. doi: 10.1097/00007632-
199303000-00015

31. Ahmed WA, Naidoo A, Belci M. Rapid incremental closed 
traction reduction of cervical facet fracture dislocation: the 
Stoke Mandeville experience. Spinal cord series and cases. 
2018;4:86. doi: 10.1038/s41394-018-0109-0

32. Sabiston CP, Wing PC, Schweigel JF, Van Peteghem PK, Yu W. 
Closed reduction of dislocations of the lower cervical spine. 
J Trauma. 1988;28(6):832-835. doi: 10.1097/00005373-
198806000-00020

33. Grant GA, Mirza SK, Chapman JR, Winn HR, Newell DW, Jones 
DT, Grady MS. Risk of early closed reduction in cervical spine 
subluxation injuries. J Neurosurg. 1999 Jan;90(1 Suppl):13-8. 
doi: 10.3171/spi.1999.90.1.0013

34. Star AM, Jones AA, Cotler JM, Balderston RA, Sinha R. 
Immediate closed reduction of cervical spine dislocations 
using traction. Spine (Phila Pa 1976). 1990;15(10):1068-1072. 
doi: 10.1097/00007632-199015100-00016

35. Burke DC, Berryman D. The place of closed manipulation 
in the management of flexion-rotation dislocations of the 
cervical spine. J Bone Joint Surg Br. 1971;53(2):165-182.

36. Selivanov VP, Nikitin MN. Diagnostika i lechenie vyvikhov 
sheynykh pozvonkov. Moscow: Meditsina; 1971. 327 p. 
Russian.

37. Lu K, Lee TC, Chen HJ. Closed reduction of bilateral locked 
facets of the cervical spine under general anaesthesia. Acta 
Neurochir (Wien). 1998;140(10):1055-1061. doi: 10.1007/
s007010050214

38. Nekhlopochyn SN, Usatov SA, Dyshlovoy VN, Derkach 
VN, Nagiev A. Travma sheynogo otdela pozvonochnika i 
spinnogo mozga. In: Polishchuk NE, Korzh NA, Fishchenko 
VYa, editors. Povrezhdeniya pozvonochnika i spinnogo mozga 
(mekhanizmy, klinika, diagnostika, lechenie). Kiev: Kniga 
plyus; 2001. p. 72-119.

39. Dvorak M, Vaccaro AR, Hermsmeyer J, Norvell DC. Unilateral 
facet dislocations: Is surgery really the preferred option? 
Evid Based Spine Care J. 2010;1(1):57-65. doi: 10.1055/s-
0028-1100895

40. Kwon BK, Fisher CG, Boyd MC, Cobb J, Jebson H, Noonan V, 
Wing P, Dvorak MF. A prospective randomized controlled trial 
of anterior compared with posterior stabilization for unilateral 
facet injuries of the cervical spine. J Neurosurg Spine. 2007 
Jul;7(1):1-12. doi: 10.3171/SPI-07/07/001

41. Song KJ, Lee KB. Anterior versus combined anterior and 
posterior fixation/fusion in the treatment of distraction-
flexion injury in the lower cervical spine. J Clin Neurosci. 
2008;15(1):36-42. doi: 10.1016/j.jocn.2007.05.010

42. Mubark I, Abouelela A, Hassan M, Genena A, Ashwood N. 
Sub-Axial Cervical Facet Dislocation: A Review of Current 
Concepts. Cureus. 2021;13(1):e12581. doi: 10.7759/
cureus.12581

43. Nekhlopochyn OS, Slynko II, Verbov VV. The classifications of 
subaxial cervical spine traumatic injuries. Part 5. Facet joint 
and lateral mass lesions. Ukrainian Neurosurgical Journal. 
2021;27(2):3-15. doi: 10.25305/unj.228256.

44. Suk KS, Kim KT, Lee JH, Lee SH, Kim JS, Eoh JH. Stage 
4 compressive-extension injury of the cervical spine: a 
theoretical stage? Spine (Phila Pa 1976). 2010;35(15):E733-
738. doi: 10.1097/BRS.0b013e3181d2ceef

45. Rebich E, Tavolaro C, Yao J, Zhou H, Agel J, Bransford R, 
Bellabarba C. Advanced compressive extension injuries of 
the subaxial cervical spine: do we really understand the 
nuances of this injury? Spine J. 2021 Jul;21(7):1159-1167. 
doi: 10.1016/j.spinee.2021.02.010

46. Kinoshita H, Hirakawa H. Pathological studies and 
pathological principles on the management of extension 
injuries of the cervical spine. Paraplegia. 1989;27(3):172-181. 
doi: 10.1038/sc.1989.26

47. Lind B, Sihlbom H, Nordwall A. Halo-vest treatment of 
unstable traumatic cervical spine injuries. Spine (Phila 



16

http://theunj.org

Ukrainian Neurosurgical Journal. Vol. 27, N3, 2021

Pa 1976). 1988;13(4):425-432. doi: 10.1097/00007632-
198804000-00010

48. Whitehill R, Richman JA, Glaser JA. Failure of immobilization 
of the cervical spine by the halo vest. A report of five cases. 
J Bone Joint Surg Am. 1986;68(3):326-332.

49. Kotani Y, Abumi K, Ito M, Minami A. Cervical spine injuries 
associated with lateral mass and facet joint fractures: new 
classification and surgical treatment with pedicle screw 
fixation. Eur Spine J. 2005;14(1):69-77. doi: 10.1007/s00586-
004-0793-2

50. Taylor AR. The mechanism of injury to the spinal cord in the 
neck without damage to vertebral column. J Bone Joint Surg 
Br. 1951;33-b(4):543-547. doi: 10.1302/0301-620x.33b4.543

51. Newey ML, Sen PK, Fraser RD. The long-term outcome after 
central cord syndrome: a study of the natural history. J 
Bone Joint Surg Br. 2000;82(6):851-855. doi: 10.1302/0301-
620x.82b6.9866

52. Schneider RC, Thompson JM, Bebin J. The syndrome of 
acute central cervical spinal cord injury. Journal of neurology, 
neurosurgery, and psychiatry. 1958;21(3):216-227. doi: 
10.1136/jnnp.21.3.216

53. Wilson JR, Witiw CD, Badhiwala J, Kwon BK, Fehlings MG, 
Harrop JS. Early Surgery for Traumatic Spinal Cord Injury: 
Where Are We Now? Global Spine J. 2020;10(1 Suppl):84s-
91s. doi: 10.1177/2192568219877860

54. Zheng C, Yu Q, Shan X, Zhu Y, Lyu F, Ma X, Zhou S, Jiang 
J. Early Surgical Decompression Ameliorates Dysfunction 
of Spinal Motor Neuron in Patients With Acute Traumatic 
Central Cord Syndrome: An Ambispective Cohort Analysis. 
Spine (Phila Pa 1976). 2020 Jul 15;45(14):E829-E838. doi: 
10.1097/BRS.0000000000003447

55. Vaccaro AR, Cook CM, McCullen G, Garfin SR. Cervical 
trauma: rationale for selecting the appropriate fusion 
technique. Orthop Clin North Am. 1998;29(4):745-754. doi: 
10.1016/s0030-5898(05)70045-6

56. Slucky AV, Eismont FJ. Treatment of acute injury of the 
cervical spine. Instr Course Lect. 1995;44:67-80.

57. Burkus JK, Denis F. Hyperextension injuries of the thoracic 
spine in diffuse idiopathic skeletal hyperostosis. Report of 
four cases. J Bone Joint Surg Am. 1994;76(2):237-243. doi: 
10.2106/00004623-199402000-00010

58. Graham JJ. Complications of cervical spine surgery. A five-
year report on a survey of the membership of the Cervical 
Spine Research Society by the Morbidity and Mortality 
Committee. Spine (Phila Pa 1976). 1989;14(10):1046-1050

59. Vaccaro AR, Klein GR, Thaller JB, Rushton SA, Cotler JM, 
Albert TJ. Distraction extension injuries of the cervical spine. 
J Spinal Disord. 2001;14(3):193-200. doi: 10.1097/00002517-
200106000-00002

60. Parent AD, Harkey HL, Touchstone DA, Smith EE, Smith RR. 
Lateral cervical spine dislocation and vertebral artery injury. 
Neurosurgery. 1992;31(3):501-509. doi: 10.1227/00006123-
199209000-00012

61. Shiina I, Hioki S, Kamada H, Amano K, Noguchi H. Treatment 
for lateral flexion fracture dislocation of the cervical spine: 
report of two cases. Journal of rural medicine : JRM. 
2010;5(2):194-197. doi: 10.2185/jrm.5.194

62. Sharif S, Ali MYJ, Sih IMY, Parthiban J, Alves OL. 
Subaxial Cervical Spine Injuries: WFNS Spine Committee 
Recommendations. Neurospine. 2020;17(4):737-758. doi: 
10.14245/ns.2040368.184


	_GoBack
	_Hlk74082766
	_Hlk80638218
	_GoBack
	_GoBack
	_Hlk71153506
	_Hlk71153065
	_GoBack
	_GoBack
	Review article
	The classifications of subaxial cervical spine traumatic injuries. Part 6. Ben L. Allen biomechanical classification

	Cell transplantation: history of development, bioetic and legal aspects, prospects for treatment traumatic brain injury
	Original article
	Biomechanical evaluation of the pedicle screw insertion depth and role of cross-link in thoracolumbar junction fracture surgery: a finite element study under compressive loads

	Model of spinal cord lateral hemi-excision at the lower thoracic level for the tasks of reconstructive and experimental neurosurgery
	Case Report
	Rigid endoscopic surgery of brainstem cavernous malformation on the cerebral aqueduct. Case report


