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Background information 
Injuries of the vertebral column are caused by a force of great intensity and belong to the most severe injuries of the musculoskeletal system. Injuries of the vertebral column amount from 2, 2%  to 20,6% in the common framework of bone fractures in adults. Approximately 63-74% of vertebral fractures are fractures without spinal cord impairment. According to statistics data, vertebral fractures with spinal cord impairment are observed in 44-45% of vertebral fractures in the cervical region, in 30-32% of fractures in the thoracic region and in 21-23% of fractures in the lumbar region. Epidemiological data suggest that vertebral injuries are more frequently observed in young men and at that, unsatisfactory results of the treatment comprise a significant per cent. About 43 % of patients with vertebrospinal trauma suffer from multiple and combined injuries and that makes diagnosis and choice of appropriate therapeutic approach particularly difficult. It is the correct diagnosis and extent of aid on all the levels and stages of casualty evacuation of patients with vertebral injuries that guarantee satisfactory anatomical functional results. 
This independent study manual is meant for the 5th year students but can also be used by physicians-interns who undergo specialty training in traumatology and orthopedics. The manual is concerned with theoretical and practical aspects of diagnosis and treatment of patients with vertebral injuries. 

The objective is to master clinico-roentgenological diagnosis of vertebral injuries, first aid techniques, qualified and specialty care.

Tasks:

1. To know anatomical physiological characteristics of the vertebral column. 
2. To master classification of vertebral column fractures.

3. To be able to take history and examine patients with vertebral fractures. 

4. To be able to define clinical symptoms common for the typical picture of different vertebral fractures. 
5. To be able to determine the main clinical symptoms and make the most probable diagnosis for patients with different vertebral fractures. 

6. To master roentgenological diagnosis in examination of patients with vertebral injuries. 
7. To be able to make diagnosis and differentiated diagnosis of the suspected injury. 
8. To be able to determine therapeutic approach (conservative or operative) in the treatment of patients with vertebral fractures on the basis of previous clinical diagnosis and determine approaches of conservative or operative treatment of such an injury. 
9. To be able to determine management and rehabilitation approaches in conservative or operative treatment of patients, to know risk factors of complication development and to provide its prevention and in case of its development to be able to treat them. 

10. To be able to perform diagnostic and health care measures, necessary for such injuries. 

11. In case of emergency cases to be able to diagnose them and determine treatment policy and render emergency medical aid.   
Causes and mechanisms of vertebral injuries. It is of crucial importance to determine the incident circumstances at the initial stages of vertebral injury detection. Injuries of the vertebral column and spinal cord are most frequently caused by falls from height (catatrauma), road traffic incidents, diving into water striking the head against the pond bed, dropping of weight on different regions of the vertebral column, sport traumas etc. 
There are direct and indirect trauma mechanisms. In direct mechanism the force is exerted on the vertebral column (a blow with a blunt object or a compression from behind to the front) which results in a stroke as well as in isolated injury of the posterior structures of the vertebral column. In indirect mechanism the injuries occur as a result of forced flexion (fig. 1а) or extension of the cervical, thoracic and lumbar regions (abrupt and sudden single-step forced flexion of the trunk or a bend of the head and also the so-called “whiplash associated disorder”, when the head is abruptly thrown back along with an abrupt forced extension of the neck and its further abrupt flexion caused by a car crash from behind, fig. 1b, rotation-torsion (occurs in wrestlers practicing sport in making wrong or unpracticed movement while performing maneuvers with head rotation) fig.1c, compression (traumatizing force in this mechanism is exerted strictly along the vertical axis of the vertebral column, providing that at the moment of force exertion cervical or lumbar physiological lordosis is straightened, leading to compression-comminuted or burst fractures of the vertebrae, fig. 1d, caused by displacement (occurs when force is exerted strictly in the frontal or sagittal plane and more frequently in rigid divisions of the vertebral column, when lower part of the vertebral column has firm support) and by distraction. Inertial motion of the upper trunk against fastened lower part becomes the leading force in distraction. Most frequently it occurs when the trunk is fastened by a seatbelt while driving a car. When upper half of the trunk moves, it causes distraction of the lumbar region of the vertebral column by inertia, resulting in the rupture of the vertebral disc, anterior and posterior iliac ligament, all structures of the posterior capsule-ligament apparatus and sometimes, of spinal cord. Each of these trauma mechanisms can act both independently and in different combinations which lead to a definite form of vertebral injury. 
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	Fig. 1. Trauma caused by forced flexion (а), 

extension (b), rotation (c), compression (d)


The following types of injuries are distinguished according to the nature of solution of vertebral structure continuity:
1. Ligament apparatus injuries (isolated or multiple ruptures of the capsule-ligament apparatus);
2. Vertebral body fractures (compression, horizontal, vertical, avulsion, comminuted, burst fractures). Compression fractures are subdivided into three degrees (I – height loss of the vertebral body or its anterior part by less than half of the adjacent vertebra, II – height loss of the vertebral body or its anterior part by half of the adjacent vertebra, III – height loss of the vertebral body or its anterior part by more than half of the adjacent vertebra);
3. Injuries of the intervertebral discs with fibrous ring rupture and nucleus pulposus displacement;

4. Fractures of the posterior vertebral semi-ring (arches, articular processes, tnansverse processes or spinous processes);
5. Incomplete dislocations, dislocations and fracture-dislocations of the vertebrae accompanied by displacement along the axis in sagittal or frontal plane with vertebral canal deformity;
6. Traumatic spondylolisthesis.

There are open and closed injuries of the spine and spinal cord (non-gunshot and gunshot injuries). Open injuries are accompanied by a disorder in skin integrity in the vertebral column plane at the level of injury.
Injuries of the upper cervical region of the vertebral column (in С1-С2 segment) are subdivided into dislocations in atlanto-occipital junction, atlas burst fracture (Jefferson fracture), incomplete dislocations and dislocations of the atlas (Kienbeck dislocation) combined with odontoid process fracture of C2 vertebra and traumatic spondylolisthesis of C2 vertebra.

In 1994 Magerl developed a comprehensive classification, based on pathomorphologic criteria, which is employed in management of injuries of the thoracic and lumbar regions of the vertebral column as well as of the cervical region from the level of С3-С7 vertebrae. According to this classification the most common types of fractures are characterized by the main mechanisms of force exerted on the spine, namely, compression (А), distraction (В) and rotation-axial torsion (С) (fig. 2).
Type А injuries occur due to compression which damages anterior segments of vertebrae and causes compression or burst fractures of their bodies.   
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	Fig. 2. Types of vertebral fractures 


Injuries of this type are, as a rule, stable; ligament apparatus is not damaged, however, isolated traumas of the posterior support complex (of supraspinal and interspinous ligaments, spinous, articular or transverse processes, arches of vertebral bodies) are possible. Damage is observed only in constituent elements of the anterior column of the spine. Posterior wall of the vertebrae remains intact.  Neurological disorders are rare. 
Type B injuries are caused by compression and distraction which damage anterior and posterior column. It results in flexor and extensor fractures, burst fractures with posterior ligament apparatus rupture (capsule of zygapophysial joints, yellow, interspinous and supraspinal ligament, sometimes including extensor muscle of the back and fascia). Anterior and middle column injuries are characterized by intervertebral disc rupture. Rupture of the posterior capsule-ligament structure is characterized by incomplete dislocations, dislocations of articular process with its possible fracture. Ligament apparatus injuries can also be accompanied by different types of compression fractures of vertebral bodies, namely, comminuted and burst fractures. Injuries of this type are considered to be non-stable and they are frequently accompanied by the development of neurological symptoms.
Type C injuries belong to the category of the most severe traumas. They occur due to compression, distraction and rotation and are aggravated by damage of all the three support structures of the vertebral column which, as a rule, leads to neurological disorders. 

There exist stable and non-stable injuries of the vertebral column. In 1983 F. Denis developed a model of the vertebral column, based on the assumption of stability, which allows to divide osteoligamentous structure of the spine into three conventional columns. Anterior column of this model is formed by anterior longitudinal ligament, anterior part of the fibrous ring of intervertebral disc and anterior part of the vertebral bodies. Middle column includes posterior longitudinal ligament, posterior segments of the fibrous ring and posterior part of the vertebral bodies. Posterior column consists of posterior osseous complex (pedicles of arches, zygapophysial joints, spinous and transverse processes) and ligaments (fig. 3).
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	Fig. 3. Three-column model of the spine according to F. Denis

(specificated by dash line)


Stable traumas also include injuries of the vertebral structures without displacement in ordinary movements. The spinal cord is not damaged in this type of injuries and there are no immediate threats to traumatize it. Compression cuneiform fracture of the vertebral body is a typical example of this type of trauma, if its height reduction does not exceed 1/2.

On the contrary, non-stable injuries are injuries with a danger of further displacement of vertebral structures with a threat of compression of neurovascular structures in the vertebral canal. It can occur in destruction of at least two supporting columns of the spine. Non-stable traumas include injuries with the impairment of posterior ligament complex (interspinous, spinous and yellow ligaments), intervertebral joints and also disorders in the region of the so-called middle column, topographically situated in immediate proximity to the spinal canal. There are two types of instability: acute (occurs immediately after the trauma) and chronic (develops with time and is manifested in presentation or an increase in posttraumatic vertebral deformation and development or intensification of neurological disorders).

There are such signs of instability as presence of neurological symptoms, reduction in vertebral body height by more than 25% in compression fractures for the cervical and by 50% for the thoracic and lumbar regions or horizontal displacement by more than 3.5 mm (seen on lateral radiograms). Posttraumatic kyphosis by more than 30° in the cervical region and by more than 20° in the thoracic and lumbar regions is also indicative of instability. Dislocations or incomplete dislocations also belong to non-stable injuries. 
Moreover, vertebral injuries are subdivided into complicated and uncomplicated injuries. Complicated injuries are injuries of the vertebral structures involving the spinal cord and its roots. Sometimes due to the impact of injury there are no signs of vertebral trauma or it is not possible to detect them and neurological disorders are manifested in different forms.  In such a case the injury should be attributed to complicated ones and occurs due to nonpenetrating trauma of the spinal cord. 
In terms of the level of the spinal cord and cauda equina injuries can occur in the cervical, thoracic, lumbosacral regions of the spinal cord and roots of the cauda equina. 
Injuries of the cervical region of the spine. Injuries of the upper cervical vertebrae are grouped into separate anatomical zone and are subdivided into fractures, dislocations and fracture-dislocations. 

Fractures of the upper cervical vertebrae. Fracture of С1 vertebra (atlas). Atlas fracture (Jefferson fracture) occurs due to an axial load in which the ring-shaped atlas bursts like a soft ring-shaped cracker and its lateral masses come apart (fig. 4).
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	Fig. 4. Burst fracture of the atlas (Jefferson fracture)


Fracture of the odontoid process of C2 vertebra (axis). This type of injury can occur with an angle-wise displacement of the broken odontoid process across the width or with displacement of the odontoid process and the atlas and head shifting forward or backward. Fracture of the odontoid process of the axis is considered to be a severe and dangerous trauma. In considerable displacement of the process together with the first vertebra it can lead to death due to spinal cord compression (fig. 5).
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	Fig. 5. Fractures of the odontoid process of С2 vertebra


Fracture of the axis arch (traumatic spondylolisthesis or the so-called "executioner’s fracture"). This fracture occurs due to a sudden axial load and hyperextension. It results in fracture of the axis arch pedicle and displacement of its body together with the superadjacent division of the spine and head shifting forward. Vertebral body displacement can be minimal but dislocation by C3 body width with spinal cord compression by the posterior axis arch is also possible (fig. 6).
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	Fig. 6. Traumatic spondylolisthesis 
of С2 vertebra

	


Dislocations and fracture-dislocations of the upper cervical vertebrae 
Rotational incomplete dislocation of the atlas is the most frequent type of injury of the atlantoaxial junction which is more frequently observed in children caused by an abrupt head rotation and in sportsmen during wrestling (fig.7).
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	Fig. 7. Rotational incomplete dislocation of the atlas 


Dislocation of the atlas (transdental, transligamentous and peridental). This injury occurs due to falls from height landing head first as a result of fracture of the odontoid process of the axis, rupture of the transverse ligament of the atlas or when the odontoid process slips out from under the transverse ligament with anterior or, in rarer cases, posterior incomplete dislocation of the atlas. In such a case the atlas shifts forward together with the head.
Injuries of the middle and lower cervical vertebrae. Injuries of the cervical region on the level of С2–С7 vertebrae (the most movable part of the vertebral column) most commonly include incomplete dislocations and fracture-dislocations of vertebrae. Dislocations occur as a result of excessive flexion, extension and rotation. There are several types of dislocations, namely, unilateral and bilateral, anterior and very rarely posterior dislocations. 

In excessive flexion the body of the vertebra, which is situated above, shifts forward against the vertebra, situated inferiorly, articular surfaces move upward, leading to incomplete dislocation. If the action of force persists, it results in apical dislocation, in which articular processes collide with their apexes and lower articular process of the dislocated vertebra shifts to upper vertebral notch of the vertebra situated below and thus, locked dislocation occurs (fig.8). In such injuries the damaged intervertebral disc can migrate toward the spinal canal and cause severe neurological disorders of the spinal cord and its elements. As a rule, extension injuries, in contrast to flexion ones end up with a self-reduction. 

Fractures of С2–С7 vertebrae. The most commonly observed fractures are injuries of vertebral bodies as a result of force exerted along the axis of the vertebral column. Several types of such fractures are distinguished, namely, compression, comminuted ("burst") and also avulsion fractures. Backward displacement of fragments toward the vertebral canal can occur in compression-comminuted fractures, leading to neurological disorders of various severity levels (fig. 9).
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	Fig. 8. Anterior locked dislocation of the cervical vertebra 


Dislocations and fracture-dislocattions in the cervical region belong to non-stable injuries and disorders of the spinal cord segments at this level belong to the most severe and prognostically unfavorable injuries. 
	Fig. 9. Comminuted ("burst")

fracture of the cervical vertebral  body
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Injuries of the thoracic and lumbar regions of the vertebral column Injuries of the vertebral column on the thoracic and lumbar levels are characterized by a great variety of solutions of continuity of vertebral and paravertebral anatomical structures which are often localized in the region of XI, XII thoracic and I and II lumbar vertebrae, that is, in the area of transition of rigid thoracic region into mobile lumbar region.
Isolated ruptures of supraspinal and interspinous ligaments and fractures of spinous processes occur in abrupt and excessive flexion. Abrupt action and sudden excessive contraction of lumbar quadrate muscle, which is attached to the 12th rib and transverse processes of І-ІV lumbar vertebrae, result in fractures of the transverse processes. 
Direct application of force or hyperextension of the vertebral column can cause fracture of the arches without displacement and with displacement toward the vertebral canal, damaging the spinal cord and its elements. 

The most common fractures are fractures of the vertebral bodies (compression, compression-comminuted, burst) and fracture-dislocations of vertebrae, in which anterior and posterior structures are damaged, especially in the thoracolumbar region, which occur as a result of indirect trauma, such as axial load on the vertebral column with flexion or flexion with rotation (fig.10). However, non-stable injuries with kyphosis formation and displacement of the superior vertebra against its inferior neighbor are common, distorting the vertebral canal and damaging its structures.   
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	Fig. 10. Comminuted ("burst")fracture of the lumbar vertebral body


Diagnosis. Patients with suspected vertebral injury require thorough and comprehensive examination which includes history taking (trauma circumstances), in which special attention should be paid to trauma mechanism, clinical supervision and employment of additional methods of investigation.

 Clinical diagnosis. In clinical supervision of patients with recent vertebral injury forced movements of the head and trunk should be completely excluded, especially axial load on the head and heels as they can increase traumatic changes of the vertebral column and anatomical structures of the vertebral canal. Presence of bruises, hematomas, deformations and details about trauma mechanism can be of significant help in determination of places of possible injuries. 

The most typical clinical symptom is pain, which can be extended at the beginning and then it gradually confines to the area of damage. Pain intensity can be different; it depends not only on the severity of bone injuries but also on the trauma of soft tissue structures of the vertebral column. Patients commonly do not draw attention of their physician to the pain in the region of the vertebral column, especially in case of combined trauma, which results in a diagnostic error and a possible emergence or intensification of neurological complications after the injury. Depending on the level of vertebral injury the pain can radiate to the lumbar region, arm, to the region between the shoulder blades, along the vertebral column, to the region of the buttocks and lower limbs and also to the region of the anterior abdominal wall. In non-stable injuries the pain intensifies abruptly in any slightest movement. 
Clinical supervision of patients with injuries of the vertebral column is rendered in lying position on rigid material. What stands out during examination of a patient is the forced position of the head in the way it is bent, bending of the head to the side, head rotation, absence of cervical lordosis and presence of kyphosis. Destruction of support structures of functional spinal unit in the cervical region can be determined by instability of the head, which can be severe, when a patient cannot hold his head allowing it to fall (“guillotinization” symptom). In medium severity degree a patient supports his head with his hands and in mild degree a patients holds his head motionless in relation to the trunk (“statue head”). In injuries of the thoracic and lumbar regions when examining the back attention is drawn to the changes of physiological kyphosis and lordosis, presence of lateral deformation, strain of paravertebral muscles in the form of elevations along the spinous processes of the damaged region. This is a reflex reaction which prevents abnormal mobility and displacement of fragments. Palpation (superficial or deep) along the line of the spinous processes determines the level of damage and in paravertebral areas it helps to detect the condition of long muscles of the back and tenderness of transverse processes in case of their fracture. In fractures of transverse processes of lumbar vertebrae it is also possible to observe increased pain when attempting to lift straightened legs and the greatest soreness is seen when bending to the healthy flank. Severe traumas of the thoracolumbar region of the vertebral column can be determined by the clinical picture of "acute abdomen" ("pseudoabdominal syndrome", that is, a pain in one region of the abdomen and even a certain strain in anterior abdominal wall), which is explained by celiac plexus irritation and retroabdominal hematoma. In some cases differential diagnosis can become a difficult task, requiring dynamic supervision and in doubtful cases it is even possible to perform diagnostic laparocentesis (laparoscopy).

After examination and palpation it is necessary to check all the kinds of sensitivity and possibility of movement in the joints of upper and lower limbs. Presence of neurologic disorders indicates complicated injury, serious probability of instability on the corresponding level. In fractures of the transverse processes there is a possibility of an increase in pain intensity when lifting straightened legs in back lying position; it can even lead to positive “straight leg rising” symptom, that is, inability to pull the heel of a straight leg off the surface. 
Complicated closed injuries of the vertebral column can be manifested with the following clinical forms:

– spinal concussion, the mildest form of spinal cord injury, it  leads only to functional disorders which regress completely within the term from several minutes to 5–7 days after conservative treatment;

– spinal contusion, when irreversible morphologic changes such as contusion sites or anatomic rupture of the spinal cord occur along with functional disorders. Clinically, in the acute period of injury spinal contusion is manifested by spinal shock with symptoms of complete impairment of conduction and anesthesia below the level of injury.

– spinal compression can occur due to compression by bone fragments or elements of damaged intervertebral disc and intravertebral hematoma (epidural, subdural or intramedullary localization).

According to the time of development spinal compression is subdivided into:

– acute, which occurs at the moment of trauma and does not differ clinically from spinal contusion;

– early, which develops during several days after the injury and is determined by presence and intensification of neurological disorder;

–  late, which is manifested  months and years after the injury and occurs as a result of a profuse callus formation and ankylosed vertebral canal. Clinically it is manifested by progressive myelopathy with conduction and segment disorders.

Clinical manifestations of complicated vertebral injury. According to clinical manifestations and extent of conduction impairment, spinal cord disruptions can be subdivided into:

– syndrome of complete conduction impairment of the spinal cord below the level of injury;

– syndrome of partial conduction impairment, which is manifested clinically by paresis or myoplegia, areflexia, impaired sensitivity below the level of spinal cord injury and dysfunction of pelvic organs;

– segment disorders, such as myoparesis, hyporeflexia, impaired sensitivity in the region of the injury.

Spinal cord injuries can result in spinal shock ("physiologic" interruption of the spinal cord), which is clinically manifested by temporary inhibition of reflex activity, flaccid paralysis, complete loss of sensitivity and dysfunction of pelvic organs (urine retention), trophic impairments, and possible diaphragm breathing. Spinal shock phenomenon intensifies the absence of vertebral stability; spinal compression by bone fragments, hematoma or foreign body is not eliminated. Reversible development of neurological disorders is a typical feature of this syndrome.
In this respect differentiated diagnosis between traumatic and neurogenic shock, especially in patients with multiple injuries becomes a matter of great concern. As distinguished from typical traumatic shock, skin integument of arms and feet are, as a rule, warm; examination reveals hypotonia and bradycardia. These differences are, first of all, associated with the fact that neurogenical shock is caused by neurological regulation disorders, whereas typical manifestations of traumatic shock occur through other pathogenetic mechanisms. 
Additional methods of investigation. After rendering clinical examination it is necessary to include additional methods of investigation into the diagnostic strategy to specify the level and character of vertebral structure injury. Diagnostic strategy with the employment of instrumental investigation system in the acute period of spinal injury begins with roentgenography (spondylography) in two standard (anteroposterior and lateral) projections, which allows to detect presence or absence of injuries of the osseous structures of the vertebral column but does not provide information about the condition of its soft-tissue structures (fig.11).
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	Fig. 11. Determination of the degree of vertebral body compression 
(І, ІІ and ІІІ, correspondingly) according to roentgenogram in lateral projection



To detect injuries in the region of С1 – С2 vertebrae it is necessary to perform roentgenography in frontal projection through the open mouth. Presence of neurological disorders and roentgenographic signs of injuries of osseous vertebral structures requires further compulsory examination of the vertebral column using X-ray computed tomography (CT) and magnetic-resonance tomography (MRT), which allow to specify the level and degree of the injury of the spinal cord, soft tissues and intervertebral discs (fig. 12 а,b).
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	Fig. 12. Computed tomography of  the lumbar region of the vertebral column 
In lateral (а) and axial (b) projections. Compression-comminuted fracture of L1vertebral body, posttraumatic kyphotic deformation, stenosis (narrowing) of the vertebral canal.  


In order to specify diagnosis it is also recommended to perform ascending or descending myelography, CT-myelography, lumbar punction to determine permeability of subarachnoid space and liquor content (fig. 13).
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	Fig. 13. Ascending myelography in compression-comminuted fracture of L1vertebral body with posttraumatic deformation and stenosis (narrowing) of the vertebral canal.

Contrast-enhancing lesion is seen on the level of 
L1 vertebral body


Treatment of vertebral injuries 
Medical care for the injured patients at pre-hospital stage is performed to prevent additional trauma when taking patients to medical establishments. Almost every injured person must be regarded as a patient with suspected non-stable and complicated vertebral injury. According to the trauma circumstances, the injured person should be distanced from potentially dangerous life-threatening factors (open flame, explosion danger etc.) on the place of incident. The patient should be lifted with the help of at least three persons. The injured is put onto a rigid stretcher or backboard in supine position. His body is immobilized to the backboard and his head is additionally surrounded from both sides by small sandbags and is immobilized by a broad cloth. It is not prohibited to let the patient assume sitting or lateral position. In suspected injury of the cervical region of the vertebral column immobilization is rendered using rigid headholder. It is necessary to fix physiologic cervical and lumbar lordosis, when the patient is in supine position, with a blanket, folded as a bolster. On the place of incident it is necessary to assess respiration and circulation functions and if the situation requires, to render resuscitation to restore vital functions and to render anti-shock care. If the patient is conscious, it is possible to provide primary assessment of vertebral and spinal injuries (presence of pain, weakness and numbness of the limbs, presence of vertebral deformation, muscle tone, sensitivity).

Hospital stage of medical care. The task of physicians at the stage of rendering qualified or specialized care to patients with vertebral injuries is to provide conclusive diagnosis using necessary additional methods of investigation and also to develop and perform appropriate therapeutic approach. 

During admission of the injured to a medical establishment doctors continue anti-shock therapy, respiration and hemodynamics adjustment, urinary bladder and central vein catheterization. Along with that they determine diagnosis, using such additional methods of investigation as spondylography, lumbar punction with liquorodynamic tests, myelography, MRT and CT. The patients are consulted by a therapeutist, neoropathologist and urologist. 

In complicated vertebral traumas the patients are prescribed methylprednisolone according to the schedule, broad-spectrum antibiotics, analgesics, neuroprotectors, nootropic drugs, anticoagulants, antioxidants, symptomatic treatment. 
Methods of vertebral injury treatment and grounds for their choice. The main goal of treatment is to restore normal topographical anatomical relationship between the vertebral column and spinal cord by elimination of vertebral dislocations and holding the injured vertebral segment in the position of achieved correction during the whole period of reparative regeneration.
Basically, methods of vertebral injury treatment can be subdivided into conservative and operative. The choice of treatment methods depends on the results of investigation and correct interpretation of the obtained findings. 
Treatment of injuries of the cervical region of the vertebral column. Stable injuries of the cervical region of the vertebral column (isolated ruptures of anterior longitudinal ligament, fractures without displacement of lamina of the vertebral arches or lateral masses, fractures of the spinous processes without displacement or angle deformation) are treated conservatively by fixation method, providing immobilization of the cervical region of the spine by firm cervical collar (fig.14а) or cervicothoracic corset for 2–3 months (fig.14б).
Incomplete dislocations, dislocations and fracture-dislocations of vertebrae (especially complicated by compression of spinal cord and its roots) require urgent reduction by simultaneous closed manual reduction (Rishe-Guter method, based on the concept of laver action), slow traction of cervical region of the spine by skull traction tongs or boosted skeletal traction by parietal tubers (fig. 15а). Further conservative treatment includes external immobilization of the cervical region by thoracocranial bandage in the position of mild extension for 3–4 months (fig.15b). Uncomplicated compression-comminuted fractures of the cervical vertebral bodies without signs of locking plate fracture or disc injury are treated by conservative methods, applying thoracocranial plaster for 2–3 months. Further stabilization is provided by application of cervical collar for 1–2 weeks, medical gymnastics and massage of muscles. 
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	Fig. 14. Immobilization of the cervical region of the vertebral column by:

а –  collar, б –  cervicothoracic corset 
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	Fig. 15. Traction of the cervical region of the vertebral column by skull traction tongs (а)

and immobilization of the cervical region by thoracocranial bandage (b)


Dislocations and fracture-dislocations of the cervical vertebrae, which cannot be cured by closed reduction and also burst fractures with displacement of fragments to the vertebral canal, complicated by spinal compression and intensification of neurological disorders, require urgent (during the first 4-6 hours) operative treatment. An operation allows to perform open repositioning, anterior decompression, removal of the broken vertebral body and its replacement with grafts made of different types of material. 
Treatment of injuries of the thoracic and lumbar regions of the vertebral column 
Conservative treatment is indicated for stable uncomplicated injuries with such typical signs as loss of ventral body height of less than 50%, kyphotic deformation of less than 20°, absence of signs of posterior support structure injuries (compression, stable burst fractures of vertebral bodies and isolated injuries of posterior structures). In case of evident and persistent pain syndrome treatment is carried out with long-term bed regimen and appropriate pain management. Later on the patient is gradually verticalised in standard corset and medical gymnastics is administered. 
The method of simultaneous repositioning is based on maximum extension and height restoration of the anterior region of the vertebral body, which was damaged due to trauma, with further immobilization with extension corset till the fracture heals. This method is indicated in stable uncomplicated compression fractures of the vertebral bodies; however, it has a number of contraindications (extension fractures, middle column injuries, fracture-dislocations and other unstable injuries), due to this its application is restricted (fig.16).
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	Fig. 16. Simultaneous repositioning of compression fractures of vertebral bodies in inferior thoracic and lumbar regions of the vertebral column



Gradual repositioning method involves gradual repositioning on reclination cushions, increasing their height step-wise or special reclinators (flexible iron board with a device for graduated reclination, pneumoreclinatoes and other) for 12–20 days, as with functional method. However, later on, the patients are rendered immobile with extension corset, in the same manner as in simultaneous reclination. As follows from its content, the method is similar to the method of simultaneous repositioning, that is why the indications to their administration are practically the same. 
Functional method or method of immediate mobilization, elaborately developed by V. V. Gorinevskaya and E. F. Dreving in 1933 is indicated to patients with stable compression fractures of the vertebral bodies. In contrast to the above mentioned method, functional method is more sparing and does not have so many wide ranging contraindications; however, it does not provide elimination of posttraumatic deformation. The purpose of this method is to create full-scale “muscle corset” by rendering vertebral column immobile and early therapeutic exercises with physiotherapy and massage, restoring vital capacity in 5–6 months after the trauma. Therapeutic exercise system usually includes 4 stages (each of 10–15 days standing) with an increasing motion activity, the first three stages require bed regimen. The first stage (2–10th day after the trauma) involves gradual reclination of the vertebral body by means of placing the patient on special cushions, which fulfill the function of reclinators; the patient is also prescribed to make general sanitary physical exercises. The second stage (10–20th day after the trauma) involves movements, performed by the upper and lower limbs, including muscles of the back (lifting up the trunk on elbows and forearms, lifting up lower limbs). The third stage (20–60th day) mainly involves exercises for muscles of the back and lumbar prelum, sideways vertebral column extension (movements  in the direction of vertebral column flexion are expressly prohibited!). During the fourth stage (60–80th day after the trauma) the injured are prescribed dosed walking, maintaining special body posture.
Long duration of hospital treatment, among other things, in bed regimen, is considered to be a significant disadvantage of this method. That is why another variant of this method was developed, when in a month after the trauma, in case all the requirements of the first three stages have been carried out, the patient assumes vertical position in a soft “back extension” corset, which does not exclude prescribed physical exercises and significantly reduces the duration of bed regimen and inpatient treatment.
Operative treatment of the injuries of thoracic and lumbar vertebral regions is indicated in non-stable and complicated traumas.
The purpose of operative treatment is to provide decompression of the vertebral canal structures (posterior, anterior, combined) to create conditions for maximal neurologic restoration; correction of posttraumatic deformation of the vertebral column; restoration of vertebral stability by anterior and posterior spondylodesis. In certain circumstances surgical treatment can be also performed in stable fractures without neurological symptoms and signs. It is performed, in particular, when patients have significant vertebral body compression and burst comminuted fractures. The purpose of the intervention is, in this case, a more reliable and controlled repositioning and stabilization as well as earlier beginning of patient rehabilitation than in conservative treatment. 
Current methods of operative treatment of non-stable and complicated vertebral injuries can involve both posterior and anterior surgical approaches. In particular, in different abnormal conditions of the cervical vertebral region, the most commonly used interventions are anterior decompression and interbody fusion with bone graft and fixation by special plates (fig.17).
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	Fig. 17. X-ray of non-stable injury of the cervical region of the vertebral column before and after surgical treatment, namely, restoration of anatomic correlations and anterior sponylodesis with a plate 



In non-stable injuries of the thoracic, lumbar and lumbosacral regions of the vertebral column the necessity of surgical intervention is determined by a possibility of secondary displacement with further intensification of neurological manifestations. In such cases it can be efficient to administer the so-called transpedicular fixation, which allows to perform repositioning and to stabilize the injured segment, as well as interbody fusion (fig.18).

Rehabilitation. Patients with vertebral column injuries require medical, social and occupational rehabilitation. During the acute stage of the injury they are rendered early rehabilitation in the hospital, aimed at the prevention of post-operative complications (bedsores, contractures, urinary fistulas and other). Later on, the patients are transferred to rehabilitation department and after that they are referred to health-resort treatment in specialized sanatoria. Labor rehabilitation is aimed at the resettlement of the injured in specially created conditions. The matter of coming back to professional activities of those who deal with physical labor should be considered on individual basis. In some cases such patients are examined by medical social committee of experts to be given a corresponding conclusion concerning their working capacity. As for general medical rehabilitation, such patients are recommended to observe regimen without excessive physical load, to perform therapeutic exercises, aimed at the support of the proper muscle corset and swimming; in case of pain intensification they should undergo a course of physiotherapy.
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	Fig. 18. X-ray of unstable compression crush fracture of L2 vertebral body,posttraumatic kyphotic deformation, stenosis (narrowing)of vertebral canal before and after operative treatment


In vertebral injuries with spinal cord traumas the chances of rehabilitation are determined by a possible degree of restoration of its functions. A lot of such patients remain disabled; their treatment is carried out in specialized departments and centers for treatment of spinal cord injuries. Such patients require individual approach to all the types of rehabilitation, they should be supplied with means of transportation and, if possible, they should be rendered occupational rehabilitation, which can also improve the conditions of social rehabilitation of the injured in the society. 
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TEST QUESTIONS FOR FINAL ASSESSMENT OF THE 5TH YEAR STUDENTS ON THE TOPIC "INJURIES OF THE VERTEBRAL COLUMN"

1.  Causes and mechanisms of injuries of the vertebral column.

2. Classification of vertebral injuries according to the character of solution of continuity of the anatomical structures and the type of anatomical level.

3. Definition of stable and non-stable injuries of the vertebral column, types of instability, clinico-roentgenological signs of instability.

4. Uncomplicated and complicated injuries of the vertebral column, clinical forms of complicated nonpenetrating injuries of the vertebral column.

5. Injuries of the cervical region of the vertebral column. Types, clinical picture and diagnosis. 

6. Injuries of the thoracic region of the vertebral column. Types, clinical picture and diagnosis. 
7. Injuries of the lumbar region of the vertebral column. Types, clinical picture and diagnosis..

8. Clinical manifestations of complicated injuries of the vertebral column, definition of the “spinal shock” and its clinical signs. 

9. Conservative and operative treatment of injuries of the cervical region of the vertebral column, indications and methods of treatment. 
10. Conservative and operative treatment of injuries of the thoracic and lumbar regions of the vertebral column, indications and methods of treatment.
11. Rehabilitation of patients with injuries of the vertebral column. 
Objective formative assignments 
1. A 36-year-old patient was admitted to hospital after a road  traffic incident.  He presents with a pain in the neck, numbness in the body from the level of shoulder girdle and inability to move the upper and lower limbs. General examination revealed that he assumes forced supine position. His head is bent to the chest and to the right. Cervical muscles are strained; there is a protrusion of spinous process of the 6th cervical vertebra. The pain intensifies when pressing the process and head (axial load). Body sensitivity, beginning with the shoulder girdle, is absent, movement with the upper and lower limbs is impossible. 
Make an initial diagnosis.
*А. Injury of the cervical region of the vertebral column, complicated by spinal cord injury.

В. Spinal cord injury.

С. Injury of the cervical muscles.

D. Uncomplicated injury of the cervical region of the vertebral column.

Е. Injury of the cervical region of the vertebral column, complicated by injury of the spinal cord roots.

2. A female patient, aged 21 was admitted to traumatology department with injuries of the cervical region of the vertebral column, which she received 3 hours ago when diving into the water, striking her head against the pond bed.
Examination revealed fracture-dislocation of articular processes of С5, С6. She also developed tetraplegia and anesthesia from the level of shoulder girdle. 
Which method of treatment is the most appropriate?

А. Traction with skull traction tongs.

В. Functional method. 

С. Fixation method. 

*D. Operative method. 

Е. Skeletal traction by the skull.

3. A 52-year-old patient has fallen from 1m height landing on his buttocks. He presents with an intense pain in the lumbar region of the vertebral column which irradiates to the hip.

Examination detected comminuted fracture of L1 body, its body height reduction by ½, disruption and indentation of upper locking plate of the vertebral body. She was noted to have angular kyphosis.

Which method of treatment is the most appropriate in this case? 

А. Traction by the hip girdle.

В. Simultaneous reclination with fixation by plaster of Paris jacket.

*С. Operative method (spondylodesis). 

D. Functional method. 

Е. Gradual reclination with fixation by plaster of Paris jacket.

4. A patient, aged 21, struck his head against the pond bed when diving into water. Presents with a pain in the neck, limitation and painfulness of the movements with his head.
Examination detected: his head is bent forward and to the left, he supports it with his hands. Cervical muscles are strained; there is a protrusion of spinous process of the 4th cervical vertebra. Mild pressure on the process and head causes intensification of pain. 
Make initial diagnosis.

А. Contusion of the cervical region of the vertebral column.

В. Complicated fracture of the cervical region of the vertebral column 

С. Injury of the cervical muscles.

*D. Uncomplicated fracture of the cervical region of the vertebral column.

Е. Injury of the spinal cord roots.

5. A female patient, aged 43 presents with a pain in the neck, limitation in the head movement. The trauma occurred as a result of car collision. 
The examination of the patient revealed uncomplicated stable compression fracture of С5 body of I degree. 
Which method of treatment is the most appropriate in this case? 
А. Traction with skull traction tongs 
В. Functional method. 

С. Fixation method.

D. Operative method (spondylodesis). 

*Е. Traction with skull traction tongs with a further fixation by a collar.
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