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INTRODUCTION

Traumatic injuries of the upper cervical spine include dam-
age to the first two vertebrae and their ligamentous appara-
tus. In the structure of the cervical spine injury, these injuries 
occupy from 5.5 to 35% and 1 to 2% of all spinal injuries. 
The incidence of fractures of the odontoid process of the 
C2 is 4 to 25% of all injuries of the cervical spine. C2 arch 
fractures(Hangman’s fracture) occur in 4 – 7% of cases. Mul-
tiple “bursting” fracture of the C1 (Jefferson fracture) occurs 
from 2 to 13% of all fractures of the cervical spine. Among 
the fractures of the upper cervical spine (UCS), Jefferson’s 
fracture in combination with Hangman’s fractures occurs in 
6 - 26% of cases. Odontoid fractures are observed in 5 - 53% 
of cases of fractures of the craniovertebral level.1-4

Among the causes of traumatic injuries of the UCS are domi-
nated by road accidents, falling head down, falling objects 
on the head, overturning over the head, a blow to the cervi-

cal-occipital, frontal region, sudden rotational accelerations, 
etc. Until the mid-70s, the main method of treating trau-
matic injuries of C1-C2 was the method of immobilization 
of a thoracoacromial plaster cast, the imposition of which 
was preceded by traction with a Glisson loop, skeletal trac-
tion for the parietal tubercles, or the zygomatic arches. At the 
same time, it was not recommended to use forced distraction 
efforts, observing gradualism and caution. In unstable frac-
tures in patients treated with this method, the incidence of 
post-traumatic deformities and chronic atlantoaxial disloca-
tions reached 65%. This method did not allow for long-term 
rigid fixation, dosed dynamic correction of the deformity.6-10

The main task in their treatment is the prevention of second-
ary displacements, elimination of deformations, if possible, 
and ensuring reliable stabilization. The problems of provid-
ing adequate care to patients with injuries of the upper cervi-
cal vertebrae are still relevant and far from a final solution. 
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ABSTRACT
Introduction: In the structure of the cervical spine injury, upper cervical spine injuries occupy from 5.5 to 35% and 1 to 2% of all 
spinal injuries. The main task in their treatment is the prevention of secondary displacements if possible elimination of deforma-
tions and ensuring reliable stabilization. 
Objective: Study of the effectiveness of the use of a halo - vest for the upper cervical spine injuries. 
Methods: The results of closed reduction and rigid stabilization with the Halo - vest in 28 patients with injuries of the upper cervi-
cal spine at the Fergana branch of the Republican research centre of emergency medicine are discussed. The average age of 
the patients is 31 years. The observation period of patients is 3 months or more. 
Result: In 4 (14.3%) patients with C1 fracture, slight neck pain persisted. Full offset correction was achieved in 44.4% of cases. 
In all cases, there were no secondary displacements of bone fragments. The overall rate of healing after 90 days of Halo – vest 
is 89.3% traction. Complications were observed only in 1 (3.6%) patient in the form of scalp soft tissue infection. 
Conclusion: This method reduces the likelihood of postoperative complications due to low invasiveness, provides early verti-
calization and rehabilitation of patients.
Key Words: C1 and C2 fracture, Hangman’s fracture, Odontoid fracture, Traumatic spondylolisthesis C2, Upper cervical spine 
injury, Use of the Halo - vest
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This is indicated by the divergence of views in the choice of 
treatment tactics of individual specialists.4,5

MATERIALS AND METHODS

The analysis of the results of treatment of 28 patients with 
UCS injury for the period from 2012 to 2019 was carried out. 
in the emergency neurosurgical department of the Fergana 
branch of the Republican research centre of emergency med-
icine. Of these, 21 (75.0%) were men, 6 (25.0%) women. 
The age of the patients is from 18 to 72 years, the average 
age is 31 (± 14.5) years. By the mechanism of injury, road 
traffic accidents prevailed - 18 (64.3%) cases, less often - 
falling from a height - 6 (21.4%) and diving in shallow water 
- 4 (14.3%).

Severe pain syndrome at rest (3 points on the W.W. Down-
ie scale), or arising during light exercise (2 points on the 
Downie scale) were in 46.4% and 50.0% of patients, respec-
tively. Mild neck pain (1 point on the Downie scale) was 
present in only 1 (3.6%) patient with a type I odontoid frac-
ture. Cervicalgia syndrome was more pronounced (3 points 
on the W.W. Downie scale - in 58.8% of patients) with od-
ontoid fractures type II, which was due to a smaller contact 
area of the fragments and, accordingly, a greater tendency to 
displacement with the development of atlantoaxial disloca-
tion. Less pronounced pain syndrome (2 points - in 66.7%, 3 
points - in 33.3%) was typical for C1 fractures with displace-
ment. The smallest clinical manifestations (2 points - in 80% 
of patients, 3 points - in 20%) were in patients with Hang-
man’s fracture.

The American Spine Injury Assosiation \ International 
Standards for Neurological and Functional Classification of 
Spinal Cord Injury (ASIA\ISCSCI) scale (2015) was used to 
determine the functions of the spinal cord, according to inter-
national standards. In 24 (85.7%) patients, the UCS fracture 
was uncomplicated (grade E on the ASIA scale). Grade B on 
the ASIA scale was in 1 (3.6%) patient, grade C in 2 (7.1%) 
cases, grade D in 1 (3.6%) patient.11-14

The assessment of the severity of the condition and the neu-
rological status was carried out at the time of admission, on 
the day of stabilization, in the dynamics of the postoperative 
period and on day 90. Upon admission, all patients with frac-
tures of the UCS have performed a plain X-ray of the cervi-
cal spine in 2 projections and targeted radiography of the 
UCS in a transoral position. If the fracture of the odontoid 
process was verified by computer tomography (CT), radiog-
raphy was performed for preoperative planning.

For victims of an accident or a fall from a great height (24 
people - 85.7%), first of all, CT of the cervical spine was 
performed. CT was also performed in patients after diving in 
shallow water, with clinical signs of cervical vertebra frac-

ture, victims with impaired wakefulness, unknown traumatic 
history and trauma on the head, as well as suspected frac-
tures according to X-ray examination methods.

In the postoperative period, radiography of the cranioverte-
bral level was performed in all patients to control the correct 
placement of fixators and the degree of deposition of the dis-
located atlantoaxial complex.

CT was performed in all 28 (100%) patients. CT was used 
as a method of primary imaging in 24 (85.7%) patients, af-
ter spondylography of UCS - in 4 (14.3%) patients. X-ray 
examination revealed a C1 fracture in the first type in 1 
(3.6%) patient, in 3 (10.7%) patients in the second type, and 
2 (7.2%) patients in the third type, with a total discrepancy 
of the lateral masses of the atlas more than 8.1 mm relative 
to the lateral masses of the axis.

According to the classification of injuries of the odontoid 
fractures according to Anderson and D’Alonzo (1974), type 
I was observed in 2 (7.1%) patients, type II - in 10 (35.7%), 
type III - in 5 (17.9 %). According to the X-ray classification 
of C2 arch fractures (according to the degree of displacement 
and angular deformity), the distribution was as follows:

Type I - bilateral separation of the arch from the C2, without 
displacement and angular deformity - 1 (3.6%) patient;

Type II - fracture of both roots of the arches with a displace-
ment of more than 3 mm, with a slight angular deformation 
- 1 (3.6%);

Type II-A - the fracture is similar to that of type II, but with 
the prevalence of pronounced angular deformity - 2 (7.1%);

Type III - significant displacement and angular deformity of 
the C2 - 1 (3.6%);

Type IV - posterior displacement of the C2 body - there were 
no patients.

In 5 (17.9%) patients with type II odontoid fractures, CT 
verified the high location of the fracture line, and therefore 
the examination was supplemented with Magnetic resonance 
imaging (MRI)of the cervical spine. In 2 cases, signs of 
damage to the transverse ligament of the atlas were revealed. 
MRI was also performed in 4 patients with concomitant type 
II and III C1 injuries, of which 1 patient had an injury of the 
transverse portion of the cruciate ligament. The integrity of 
the transverse portion of the cruciate ligament was one of the 
most important criteria in choosing a method for stabilizing 
the UCS. Also, using MRI, the degree of spinal cord injury 
was determined in patients with complicated UCS fracture 
(9 people - 32.1%).

In 16 (57.1%) patients, a concomitant injury was diagnosed. 
In 14 patients, a combination of Traumatic Brain Injury of 
varying severity with damage to the musculoskeletal system 
was revealed. Concussion or contusion of the brain and limb 
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fractures prevailed. The hepatic rupture was verified in 1 pa-
tient, requiring surgery.

In the treatment of injuries of the UCS, we set the following 
tasks:

1) Achieving the maximum possible reconstruction of 
the damaged spine with the elimination of the com-
pressing components that affect the neurovascular for-
mations;

2) Restoration of stability at the level of damage, exclud-
ing the phenomenon of redislocation of injured seg-
ments;

3) The maximum preservation of the range of motion in 
the cervical spine after treatment;

4) Prevention of possible complications that may arise 
during treatment or in the long term.

The tasks are solved subject to the following principles of 
treatment:

1) The principle of maximum radicalism and simultane-
ity;

2) The principle of maximum minimally invasiveness;
3) The principle of maximum shortening of the time 

needed to achieve the final reconstruction;
4) The principle of ensuring the maximum possible com-

fort for the patient during treatment;
5) The principle of prevention of possible complications 

during treatment and after its completion.

Methods for the treatment of traumatic injuries of the seg-
ments of the craniovertebral junction are conventionally di-
vided into 1) conservative - external immobilization, trac-
tion; 2) conditionally conservative - Halo - vest correction 
and stabilization; 3) surgical i.e. internal fixation.

Halo–vest was applied according to the standard technique, 
after which a dosed distraction was performed to eliminate 
the displacement of bone fragments.

The patients were transferred to an upright position on the 
first day after applying the apparatus. Control radiographs of 
the cervical spine were taken once every 4 weeks. Fixation 
in the Halo - vest lasted up to 3 - 4 months. After its remov-
al, external fixation was performed with a removable head 
holder for 2 - 3 months. The observation period of patients is 
6 months or more.

RESULTS
To determine the results of the effectiveness of Halo- vest 
fixation and to assess its place in the complex treatment of 
UCS fractures, we compared the results of treatment based 
on the obtained X-ray and clinical data in patients before and 
after halo fixation. Clinical and radiological assessment was 
carried out immediately after the fracture healed and immo-
bilization was stopped, one month after the union and then 
every 6 months

Pain syndrome at rest (3 points on the W.W. Downie scale), 
or arising during light physical exertion (2 points on the 
W.W. Downie scale) after removal of the Halo - vest was not 
noted. In 3 (10.7%) patients with C1fracture, mild neck pain 
(1 point on the W.W. Downie scale) remained (Table 1).

On control X-ray examination, complete correction of the 
displacement was achieved in 8 (44.4%) cases, regression 
of displacement of varying severity - in 5 (27.8%), a signifi-
cant reduction was not achieved - in 2 (11.1%), fixation in 
the achieved position was carried out in 3 (16.7%) patients. 
In all cases, there were no secondary displacements of bone 
fragments of the C2. 

All fractures of the ring and arch of the C1 were completely 
consolidated. With odontoid fractures type I, 100%, type II 
80% and type III 100% healed. With a fracture of the C2 arch 
(hangman’s fracture), healing is 90%. The overall rate of 
healing after 90 days of Halo - vest is 89.3% traction.

No worsening of symptoms was observed on dynamic neu-
rological examination. In one patient with a neurological 
disorder according to the ASIA type B classification below 
the level of damage in the rehabilitation period, motor func-
tions and muscle strength in the control groups recovered to 
3 points.

Complications in the form of secondary mixing, pseudar-
throsis, screw perforation, and intracranial hematoma were 
not observed. Only 1 (3.6%) patient had an infection of the 
scalp soft tissues in the late period of Halo – vest traction, 
the apparatus was removed and further immobilization was 
performed with a removable head holder.

DISCUSSION

The problem of choosing the tactics of treating patients with 
fractures of the UCS has still not lost its relevance and is 
the subject of increased attention among neurosurgeons and 
traumatologists. Despite a large number of messages on the 
topic under study, many questions remain unsolved and are 
still far from a final solution.1,3,20

The disadvantages of the most commonly used structures for 
posterior occipito spondylodesis, cannulated screws for fix-
ing the odontoid process of the axis, are an increased risk 
of deformity, migration of components of fixing structures, 
depending on the degree of activation of movements in the 
cervical spine, the need to immobilize 3-4 vertebrates mo-
tor segments. The number of intraoperative complications, 
according to some literature data, reaches 9-12%.16-18 and 
unsatisfactory results of surgical treatment in 18-29% of pa-
tients are due to secondary deformities with the development 
(aggravation) of neurological disorders due to incompetent 
spondylodesis, cicatricial adhesive processes, uncovertebral 
arthrosis.10,15
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In 2000, under the leadership of U. Vieweg20, a 40-year anal-
ysis of the treatment of 682 patients was carried out. The 
results of treatment with the help of the Halo – vest of frac-
tures UCS were evaluated. The healing rate of all types of 
C1 vertebra fractures is 83%, in our series 100%. According 
to the author’s data and in our study, recovery was noted in 
all types I and III odontoid fractures. When researching U. 
Vieweg type II fracture healing occurred 67%, according to 
our data 80%. Regarding the healing of fractures of the C2 
arch, our data are close to those reported by U. Vieweg.2,7,8

In our material, possible complications of the apparatus 
method of treatment, such as the development of pressure ul-
cers in the places of pressure of the corset, difficulty in swal-
lowing, pain and numbness in the hands, perforation with a 
screw of the skull bones with the formation of an epidural 
hematoma were not observed. Only 3.6% of patients had soft 
tissue inflammation in the area of cortical screws.19,20

The problem of surgical treatment of patients with compli-
cated C1 and C2 vertebral dislocations has not been complete-
ly resolved to date. The advantage of the Halo – vest is to 
provide rigid fixation of the cervical spine in combination 
with the possibility of dynamic correction while maintaining 
the patient’s mobility.18,19

CONCLUSIONS

The use of the Halo – vest allows rationally eliminating the 
displacement of bone fragments, restoring anatomical rela-
tionships in the craniovertebral region with simultaneous 
fixation of the cervical vertebrae and allows you to start 
early activation and rehabilitation of victims. Bony fusion 
succeeded in 89.3% of patients. A halo vest can be recom-
mended for patients with Jefferson fractures, hangman’s 
fractures and odontoid fractures with a dislocation rate.
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Table 1: Comparison of pain intensity before and after halo fixation
Level and type of fracture Intensity of pain in points

Before treatment After treatment

1 2 3 1 2 3

Fracture of the C1 - 4 2 3 - -

I type - 1 - - -

II type - 1 2 1 - -

III type - 1 1 2 - -
Odontoid fracture 1 6 10 - - -

I type 1 1 - - -

II type - 2 8 - - -

III type - 3 2 - - -
C2 arch fractures (hangman's fracture) - 4 1 - - -

I type - 1 - - -

II type - 1 - - -

II А type - 2 - - -

III type - 1 - - -

Total 1 14 13 4 - -


