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Abstract
BACKGROUND: Craniocervical fractures are socially important pathology. They represent one-third of the fractures 
in cervical region. It is typical that elderly patients suffer from low-energy traumas such as falls, while younger patients 
suffer from high-energy traumas as motor vehicle accidents, sport falls, etc. Craniocervical fractures are associated 
with an increased risk of craniocervical instability or neurological deficit. Primary therapeutic options depend on the 
type of the fracture. Predictors of non-unions are the displacement of fractures, patients’ age, and comorbidities. The 
observer ship of the general practitioner in the post-operative period or the period of cervical immobilization could 
recognize possible malpositioning of the instrumentation, non-union of the fracture, malsanation of the wound, and 
possible complications in case of the external immobilization. There is a lack of information on that topic. 

AIM: The goal of the paper is to summarize the most common fractures of the craniocervical region, their etiology, treatment 
options, and to present the results of our study of patients who underwent operative treatment for craniocervical fracture(s). 

METHODS: An ambispective study of 72 patients who underwent operative treatment due to a fracture in the 
craniocervical region between March 2012 and December 2020 was performed. The short- and long-term results 
have been evaluated. The aetiology, age composition, and clinical results were collected and analyzed.

RESULTS: The operative techniques that have been performed are occipitocervical fusion in 58 patients, odontoid 
screw fixation in eight patients, and anterior cervical decompression and fusion (ACDF) in six patients. The results 
showed a correlation between the operative technique used and the VAS clinical outcome – the fastest improvement 
was achieved in the group of the odontoid screw fixation and the ACDF (ACDF in cases of a Hangman’s fractures).

CONCLUSION: Mastering the details, the treatment options and the possible complication of the fractures in 
craniocervical region and general practitioners could play an important role in the treatment of patients.
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Introduction

The craniocervical junction is a unique 
osteoligamentous complex. The atlantoaxial junction 
is part of this complex and is the most mobile structure 
in the spine. The craniocervical junction consists of 
the occipital condyles, the atlas (C1), the axis (C2), 
and the ligaments. This apparatus provides stability 
and mobility [1]. The fractures in the craniocervical 
region could present with local pain in the region, 
impairment of the lower cranial nerves, mono- para-
quadriparesis, or plegia. Lethal outcome could 
occur at the moment of the trauma [2], [3]. General 
practitioner’s knowledge of the details of the fractures 
in the occipitoatlantoaxial complex may lead to the 
early diagnosis and treatment of the patients. We led 
a study of 72 patients who underwent an operation 
due to a fracture(s) in the craniocervical region. The 
results confirmed the data from the literature for the 

age distribution and the long-term results measured 
with VAS, modified McCormick Scale, and ASIA 
Impairment Scale. In contrast with the other studies in 
our series, more patients with neurological impairment 
were presented. The general practitioner has a vital 
role in the post-operative period as he could suspect 
possible complications.

Materials and Methods

An ambispective study of 72 patients who 
underwent operative treatment due to a fracture in 
the craniocervical region between March 2012 and 
December 2020 was performed. The short- and long-
term results have been evaluated. The etiology, age 
composition, and clinical results were collected and 
analyzed.

Since 2002
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Results

The analysis showed that 41 patients are 
above 50-year old, and 25 are older than 70 years. The 
mean age in the cohort was 55, 46 years. In the group, 
the correlation between men and women is 2.6:1. 
The motor vehicle accidents were the most common 
mechanism of trauma (30.60%), followed by falls from 
self-high (23.61%) and falls on stairs.

Twenty-nine patients (43%) have reported 
neurological impairment in the studied group. The most 
common fracture is the dens fracture Type II, according 
to Anderson and D’ Alonzo classification. C2 fractures 
were most commonly associated with C1 fractures – 
(83% of all cases with associated C-spine injuries).

The operative techniques that have been 
performed are occipitocervical fusion in 58 patients, 
odontoid screw fixation in eight patients, and anterior 
cervical decompression and fusion (ACDF) in six 
patients. The results showed a correlation between the 
operative technique used and the VAS clinical outcome 

– the fastest improvement was achieved in the group 
of the odontoid screw fixation and the ACDF (ACDF in 
cases of a Hangman’s fractures).

Discussion

The general practitioners could distinguish the 
trauma’s mechanism and the symptoms associated 
with a fracture in occiptoatlantoaxial complex, atlanto-
occipital dislocation, or atlantoaxial subluxation/
dislocation. In our clinical practice, some patients do 
not reach us on an emergency basis but have been 
hospitalized days after the injuries. In most cases, 
the increasing pain in the cervical region and the pain 
when there are movements in the cervical region were 
forcing patients to seek medical assistance. Anamnesis 
for trauma and symptoms of neck pain, torticollis, and 
reduced range of motion should provoke further studies 
even if patients are neurologically intact. Injuries in 
the craniocervical region could be presented with 
neurological impairment – Bulbar-cervical dissociation, 
lower cranial nerve deficit, paresthesias, monoparesis, 
or central cord syndrome.

Cervical X-rays are still performed, but in 
some, non-displaced fractures could not be sufficient. 

Figure 4: Anderson and D’Alonzo classification of odontoid fractures

Figure 1:  X-Ray - AP and lateral: Fracture of Dens (C2)

Figure 2: Cervical CT - sagital re-construction. Fracture of Dens (C2)

Figure 3:  Cervical CT - axial reconstruction: fracture of Cl
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A computed tomography (CT) is superior for radiographic 
evaluation of a craniocervical fracture Figures 1-3. The 
figures belong to a patient from the studied group. The 
X-ray had shown the fracture of the odontoid but failed 
to visualize the fracture of the atlas that is presented on 
the CT scan.

According to Squarza et al., the CT is the 
most cost-effective method in the case of Hangman’s 
fractures [4]. If a CT scan had been performed and 
dislocation of the lateral mass was diagnosed, but the 
study had failed to prove a rupture of the TAL, magnetic 
resonance imaging should be performed [5].

The occipital condyle fractures are uncommon 
– about 0.4%–0.7% of all traumatic injuries. According 
to the classification of Anderson and Montesano the 
Occipital Condyle fractures are three different types: 
Type I fracture is a comminuted fracture due to axial 
loading injuries and is meant to be a stable fracture. 
Type II occipital condyle fracture is a linear fracture 
of the cranium base that is extended to the occipital 
condyle. It is also counted for a stable fracture. Type III 
fractures are fractures with a fragment from the occipital 
condyle and are associated with traction injuries. 

Type III fractures are considered unstable and indicated 
for operative treatment [2], [6], [7], [8].

C1 fractures are about 13% of all cervical 
fractures [9]. The results from the study of Hadley et al. 
show that only 56% of cases are isolated C1 fractures. 
In their series, 25 of 57 patients had a combination 
of C1, and C2 fractures, 9% of the cases also had 
non-contiguous cervical spine fractures, and 12% 
had additional head injuries. The results in our study 
correspond to the results from the series of Hadley – 
the most common combination was fractures of C1 and 
C2. This combination may result in more significant 
mechanical injury and instability of the segment.

The most common clinical findings are a 
pain in the upper cervical spine and muscle spasms 
in the region. These findings are associated with an 
impairment of the range of motion in the craniocervical 
region – mainly the rotation [9], [10]. Torticollis could 
also be seen. On the other hand – the neurologic 
deficit is uncommon [10]. This is why the necessity of 
imaging diagnostics could be overlooked. Domenicucci 
et al. have described the Collet–Sicard syndrome: As 
an impairment of the caudal cranial nerves (IX-XII). 
Furthermore, in a C1 Fracture, tinnitus, nausea, 
vomiting, and blurred vision could be developed. These 
symptoms are due to impaired perfusion in the region of 
the basilar artery and the possible trauma of the vertebral 
arteries [10]. Several classification systems are in use 
for evaluating the C1 fractures. Perhaps, the most widely 
used ones are the systems of Gehweiler, Jefferson, and 
Landells. Gehweiler et al. divide the C1 Fractures into 
six Groups [12]: Type I fractures are fractures on the 
anterior arch of the Atlas, and Type II fractures –- on 
the posterior arch of the C1. Type III fracture equals the 
typical “Jefferson’’ fracture – both anterior and posterior 
arches are injured. Type IV fractures are fractures of the 
lateral mass of the atlas. Type V fractures are fractures 
of the transverse process. It is crucial to evaluate the 
stability of the segment. If the is a Type III fracture 
and the transverse Atlantal ligament is impaired – a 
craniocervical instability should be expected. This type 
of fracture is classified as Type IIIb fracture [12,13].

Fractures of the axis account for between 17% 
and 27% of cervical fractures [14]. In our series, 79% of 

Figure 5: Occipitocervical fixation due to combined Cl and C2 fractures

Figure 6:  Anterior odontoid screw fixation due to type II fracture 
(Anderson and D’Alonzo)

Figure 7: Anterior odontoid screw fixation
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the injuries led to C2 fractures. Axis fractures could be 
divided into fractures of the dens of C2, a Hangman’s 
fracture, and miscellaneous C2 fractures [14].

The odontoid fracture is the most common 
cervical spinal injury in adults above 70 years of age [15]. 
Furthermore, the odontoid fracture is more common in 
patients above 79 years of age than all other cervical 
fractures combined [15]. Crockard et al. report mortality 
rates between 25% and 40% in case of a fracture of 
the Dens [16]. For the general practitioners is important 
the age distribution of the dens fractures – two peaks 
are proven – high-energy traumas in young patients and 
low-energy injuries in elderly patients  [17]. In our clinical 
study, the leading mechanism of injury was motor vehicle 
accidents – 30.6%. Falls were the second most common 
reason for fractures – 23.61%. This trauma mechanism 
was typical for elderly patients. Degenerative spine and 
the rigid cervical caudal segment in elderly patients are 
preconditions for fractures and ligamentous injuries. 
These facts, together with the low bone density in 
elderly patients, could explain the rates of craniocervical 
fractures in the elderly [18], [19].

Anderson and D’ Alonzo classify the odontoid 
fractures in Type I – fracture through the tip of the 
Dens; Type II – fracture through the neck of the odontoid, 
Type II A: Similar to Type II but with a fragment, Type III 
– fracture that involves the body of C2. The odontoid 
fractures Type II and Type II an are believed to be 
unstable and Type III – stable. There are different opinions 
regarding the stability of Type I fracture, and precise 
evaluation of the alar ligaments is mandatory (Figure 4).

Hangman’s fractures result from hyperextension 
and axial loading in the cervical region. The hangman’s 
fractures are the combination of bilateral fractures of 
pars interarticularis and subluxation of C2 on C3. Motor 
vehicle accidents and diving accidents are the leading 
reasons for such fractures [18]. Most of the patients 
are neurologically intact, but symptoms such as 
paresthesias or monoparesis could be presented [20]. 
In contrast with the literature in our clinical study, about 
40.3% of the patients were presented with neurological 
symptoms. The Effendi et al. classification system 
and the modified system by Levine are the broadest 
systems used [21], [22].

Fractures in the craniocervical region could be 
managed non-surgically (external immobilization) and 
surgically (variety of operative techniques) depending 
on the type of the fracture(s) and the integrity of the 
ligaments [22], [23], [24]. In cases of stable fractures and 
no neurologic deficit external immobilization through a 
rigid collar, SOMI brace or HALO brace immobilization 
systems could be considered [23], [24]. A Halo brace 
consists of a metal ring and pins that are fixed to the 
cranium and a vest [25]. Immobilization should take 
8–14 weeks, and the system is removed after a fusion 
of the fracture that can be visualized with a CT [3]. The 
general practitioners could face the different complications 
of the Halo brace immobilization system: A resistance of 

the patients to wear the Halo brace, pseudoarthrosis of 
the fracture, malposition or infection of the pins, and skin 
defects. Strohm et al. report infections of the cranial pins 
in 10% of the cases, and 5% have detected a loosening 
of the pins. About 25% of the patients had complained of 
pain in the inserted cranial pins [25]. In such a scenario, 
the general practitioner could start antibiotic treatment, 
and the patient should be seen by the surgeon.

If the indications are covered, different 
operative techniques could be performed depending on 
the type of fracture. Anterior (including transoral) and 
posterior approaches could be used – Occipitocervical 
fixation and fusion (Figure 5); anterior odontoid screw 
fixation (Figure 6); posterior atlantoaxial fusion [26]; 
and isolated atlas osteosynthesis [27].

The general practitioner could detect significant 
or minor surgical complications in the post-operative 
period. The different operative techniques are associated 
with different complications. In anterior odontoid screw 
fixation (Figure 7), Lall et al. report malposition of the screw 
in 3.2% of the cases, displacement of the screw in 3.2% 
of the cases, and fracture of the screw in 0.3%. The most 
common complication of the occipitocervical fixation in the 
previously mentioned series is the infection – 11% [10]. 
Further studies review occipitocervical fixation complication 
rates between 10% and 33% – infections, cerebral spinal 
fluid (CSF) leakage (a sign of a dural tear), and implant 
failure. Another possible complication is the damage to the 
vertebral artery due to screw malposition [28]. In vertebral 
artery impairment, a CT- angiography or digital subtraction 
angiography should be performed [28]. Rarely, a 
meningitis or misalignment of the head could be observed 
[28]. In such a scenario, laboratory tests of blood and CSF 
samples and imaging should be performed. Depending 
on the operative result and the patient’s bone density, a 
neck collar could be prescribed (Philadephia- or Miami 
J Collars) [28], [29], [30]. The period of immobilization is 
from 4 to 8 weeks. The general practitioner may prescribe 
a bone density test.

If the general practitioner has a patient who 
underwent surgery for a fracture in the craniocervical 
junction, it will inevitably raise the question of whether 
the instrumentation will be removed in the future. 
Depending of the surgical techniques used – with or 
without cervical fusion, the instrumentation may be 
removed after imaging that verifies the fusion of the 
fracture. Ma et al. have studied the patient postcervical 
instrumentation without fusion for odontoid fractures. 
The authors report an improvement in range of motion, 
reduction of the neck disability index, and neck stiffness 
in patients with removed instrumentation [31]. Our 
experience supports the results of Ma et al. [32] In our 
clinic, removal of the instrumentation in patients post-
operation for craniocervical junction fracture and proven 
fusion of the fracture is favored. We believe that the 
operative risks and the risks connected with the general 
anesthesia are justified due to the improvement of the 
range of motion and neck disability index.

https://oamjms.eu/index.php/mjms/index
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Conclusion

General practitioners will likely face patients 
who have fractures in craniocervical junction. Not only 
the elderly patients but also the young patients suffer 
from such fractures – every age group has a specific 
trauma mechanism. The knowledge about the specifics 
of the fractures in the craniocervical segment, the 
diagnostic pattern, and the treatment options could 
help general practitioners to play a crucial role in the 
diagnostic, post-operative period, and observation of 
complications.
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