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Abstract
Study Design: Cross-sectional survey.

Objectives: Assessment of subaxial cervical facet injuries using the AO Spine Subaxial Cervical Spine Injury Classification System
is based on CT scan findings. However, additional radiological evaluations are not directly considered. The aim of this study is to
determine situations in which spine surgeons request additional radiological exams after a facet fracture.

Methods: A survey was sent to AO Spine members from Latin America. The evaluation considered demographic variables,
routine use of the Classification, as well as the timepoint at which surgeons requested a cervical MR, a vascular study, and/ or
dynamic radiographs before treatment of facet fractures.

Results: There was 229 participants, mean age 42.9 + 10.2 years; 93.4% were men. Orthopedic surgeons 57.6% with 10.7 + 8.7
years of experience in spine surgery. A total of 86% used the Classification in daily practice. An additional study (MRl/vascular
study/and dynamic radiographs) was requested in 53.3%/9.6%/43.7% in F1 facet injuries; 76.0%/20.1%/50.2% in F2; 89.1%/65.1%/
28.4% in F3; and 94.8%/66.4%/16.6% in F4. An additional study was frequently required: FI 72.5%, F2 86.9%, F3 94.7%, and F4
96.1%.

Conclusions: Spine surgeons generally requested additional radiological evaluations in facet injuries, and MRI was the most
common. Dynamic radiographs had a higher prevalence for FI/F2 fractures; vascular studies were more common for F3/F4
especially among surgeons with fewer years of experience. Private hospitals had a lower spine trauma cases/year and requested
more MRI and more dynamic radiographs in FI/F2. Neurosurgeons had more vascular studies and dynamic radiographs than
orthopedic surgeons in all facet fractures.
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Introduction

Fractures of the cervical spine are generally treated based on
the classification of injuries according to different existing
classification systems.'> The AO Spine Subaxial Cervical
Spine Classification System is one of the newest proposed
systems with some validated clinical studies and an acceptable
reliability.* This classification is based on morphological char-
acteristics of the fracture including facet injuries, neurological
status, and additional modifiers such as bone quality and
comorbidities.”

In this context, cervical facet fractures can be seen as iso-
lated or concomitant to more severe injuries potentially requir-
ing additional radiological evaluation. The most common
radiological methods used for diagnosing cervical trauma
besides CT scans include cervical magnetic resonance imaging
(MRI), which allows better evaluation of neural elements as
well as soft tissue injuries. Arterial studies such as CT angio-
gram, MR angiogram, or digital subtraction angiography can
evaluate the vertebral artery. Dynamic cervical spine lateral
radiographs can rule out occult instability. In Latin America,
some trauma centers do not provide further radiological eva-
luations in an emergency setting, which can significantly delay
the management of these fractures thereby increasing their
morbidity.°

Here, we focused on each type of cervical facet fractures
and we performed a survey to analyze this problem consider-
ing the scarce information available in the literature about the
real needs and benefits of additional radiological evaluation,
as well as the potential delay in treatment on account of hav-
ing these exams in most spinal trauma centers from develop-
ing countries. The aim of this study is to determine situations
in which spine surgeons request complementary radiological
exams after a diagnosis of a subaxial cervical facet fracture on
a CT scan.

Materials and Methods
Study Design

This was a cross-sectional survey was performed. The survey
was sent by e-mail to spine surgeons who were members of AO
Spine from Latin America. A total of 987 members received an
e-mail from AO Spine.

Questions Regarding Subaxial Cervical Spine Fractures

General questions: We enquired about the demographic fea-
tures of the participants and surgeon characteristics as well as
specific questions to evaluate the surgeon’s opinion regarding
the diagnosis of subaxial cervical spine fractures (C3—C7). The
variables analyzed were nationality, gender, age, surgeon’s
specialty, years of experience, level of complexity of the hos-
pitals, number of spine trauma surgeries per year, and the use
(or not) of the AO Spine Subaxial Cervical Spine Injury Clas-
sification System in daily practice.

Specific questions: We assessed the needs of additional
radiological evaluation besides CT scans in F1, F2, F3, and
F4 facet fractures. The radiological exams proposed to the
surgeons were: a cervical spine MRI, a vascular study of any
type, and a dynamic cervical spine analysis via simple plain
radiographs before the decision to treat each type of facet frac-
ture. We only provided the type of the facet fracture; there was
no description of the neurological status.

Collecting Data

The survey was sent twice to the community of members reg-
istered to AO Spine with a 10-day interval during May 2020.
The e-mail contained an explanation of the AO Subaxial Cer-
vical Spine Classification, the purpose of the study, and a link
to the classification system.

Facet Injury According to AO Spine Subaxial Cervical
Spine Injury Classification System

A brief explanation of the classification system was presented
at the beginning of the survey detailing the kinds of fractures of
the subaxial cervical spine listed below along with an illustra-
tion of each type of fracture:

F1. Non-displaced facet fracture; fragment of less than
1 cm and less than 40% of the lateral mass.

F2. Facet fracture with potential for instability; fragment
of >1cm or >40% of the lateral mass or displaced
fragment.

F3. Floating lateral mass including disruption of the pedi-
cle and lamina resulting in disconnection of the super-
ior and inferior articular process at a given level or set
of levels.

F4. Pathologic subluxation or perched/dislocated facet.

Statistical Analysis

Categorical data was presented as counts and percentages. Sur-
geons’ responses were compared with regard to the kind of
facet fractures, age, gender, years of experience, number of
spine trauma cases treated yearly, use of the AO Classification
System, and the specialty of the surgeon. Comparisons were
performed using the Chi-square test or Fisher’s exact test as
appropriate. The significance level was set at P < 0.05. Data
was processed and analyzed using SPSS version 25.0 (IBM,
Armonk, New York, USA).

Results

A total of 231 members answered the survey questions (23.4%
of all members from this Region who received the e-mails) of
which 229 fully completed the survey. The responders were
from 15 different countries mainly Argentina (20.1%) and
Chile (19.7%). The distribution of the surgeons was according
to countries and are summarized in Figure 1.
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Figure 1. Distribution of participants by country (n = 229).

The mean age of the surgeons was 42.9 + 10.2 years. Most
were men (93.4%), and the distribution according to specialty
was 97 (42.4%) neurosurgeons and 132 (57.6%) orthopedic
surgeons.

The main hospital practice of each surgeon was in private
hospitals (87; 38%), trauma referral centers (25; 10.9%), gen-
eral hospitals (72; 31.4%), and academic/ university hospitals
(45; 19.7%).

Considering the number of years of experience in spine
surgery, the mean time was 10.7 + 8.7 years. The mean
number of spine trauma cases treated yearly was 34.1 +
25.5 cases. The vast majority of the members were found
to use the AO Spine Classification System in daily practice
(197; 86%).

Specific Radiological Assessment

When asking about the needs of an additional radiological
exam to treat facet injuries without a specific clinical scenario,
the following answers were obtained:

Type 1 morphology (Table 1)

Most (53.3%) surgeons required an MRI, 9.6% a vascular
study, and 43.7% a dynamic cervical lateral x-ray. Surgeons
from private hospitals statistically requested more MRIs
than those from trauma referral centers or university hospitals
(P = 0.009); similarly, surgeons who had a lower volume of
spine trauma cases (<30/year) requested more MRIs compared
with those with a higher volume (>30/year) (P = 0.003). Inter-
estingly, neurosurgeons requested more vascular (P = 0.034)
and dynamic studies (P = 0.009) than orthopedic surgeons.

Type 2 morphology (Table 2)

A total of 76% of the surgeons required an MRI; 20.1% had
a vascular study, and 50.2% dynamic cervical lateral x-rays.
Similar to type 1 injuries, surgeons from private hospitals sta-
tistically requested more MRIs than those from trauma referral
centers, general hospitals, or university hospitals (P = 0.011);
surgeons who had a lower volume of spine trauma cases
(<30/year) requested more MRIs compared with those with a
higher volume (>30/year) (P = 0.043). In type 1 injuries,
neurosurgeons requested more vascular (P = 0.001) and
dynamic studies (P = 0.013) than orthopedic surgeons.

Type 3 morphology (Table 3)

A total of 94.8% of the surgeons requested an MRI, 66.4%
had a vascular study, and 16.6% required dynamic cervical
lateral x-rays. MRI exams also were more likely to be requested
in private hospitals (P = 0.023); neurosurgeons requested vas-
cular studies (P = 0.001) and dynamic x-rays (P = 0.002) more
often when compared with orthopedic surgeons.

Type 4 morphology (Table 4).

A total of 72.5% of the surgeons required an MRI, 86.9% a
vascular study, and 16.6% dynamic cervical lateral x-rays.
MRIs were more commonly requested in private hospitals
(P < 0.001) and among surgeons with a lower volume of spine
trauma cases (<30 cases/year) (P = 0.009). Surgeons with
relatively fewer years of experience (<8 years) as well neuro-
surgeons (when compared with orthopedics) (P = 0.034) also
requested more vascular studies and dynamic x-rays.

The rate of requesting any modality of a complementary
study before treatment was 72.5% for F1, 86.9% for F2,
94.7% for F3, and 96.1% for F4.
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Table I. FI Facet Injury.

MRI Vascular study Dynamic radiographs
Variable Yes No P Value Yes No P Value Yes No P Value
Age
<40 years 59 60 0.244 13 106 0.482 56 63 0.282
>40 years 63 47 9 101 44 66
Gender
Male 6 98 0.286 22 192 0.372% 95 119 0.404
Female 6 9 0 15 5 10
Specialty
Neurosurgeon 48 49 0.324 14 83 0.034 52 45 0.009
Orthopedic surgeon 74 58 8 124 48 84
Complexity of hospital
Private hospital 56 31 0.009 8 79 0.393 42 45 0.226
Trauma center 7 18 2 23 13 12
General hospital 38 34 10 62 31 41
University hospital 21 24 2 43 14 31
Experience
<8 years 6l 59 0.437 14 106 0.267 55 65 0.488
>8 years 6l 48 8 101 45 64
Spine trauma cases/year
<30 85 54 0.003 15 124 0.450 69 70 0.024
>30 37 53 7 83 31 59
AO Classification System
Using in practice 105 92 0.985 19 178 0.962 83 114 0.245
Not using in practice 17 I5 3 29 17 I5

(*) Fishers exact Test. Age, years of experience and number of spine trauma cases/year are divided by the median.

Table 2. F2 Facet Injury.

MRI Vascular study Dynamic radiographs
Variable Yes No P Value Yes No P Value Yes No P Value
Age
<40 years 89 30 0.660 28 91 0.176 60 59 0.949
>40 years 85 25 18 92 55 55
Gender
Male 165 49 0.134 45 169 0.315% 109 105 0413
Female 9 6 | 14 6 9
Specialty
Neurosurgeon 77 20 0.302 30 67 0.001 58 39 0.013
Orthopedic surgeon 97 35 16 116 57 75
Complexity of hospital
Private hospital 73 14 0.011 17 70 0.765 41 46 0.247
Trauma center 13 12 5 20 12 13
General hospital 55 17 17 55 43 29
University hospital 33 12 7 38 19 26
Experience
<8 years 93 27 0.573 31 89 0.023 6l 59 0.845
>8 years 8l 28 15 94 54 55
Spine trauma cases/year
<30 112 27 0.043 28 1 0.979 74 65 0.256
>30 62 28 18 72 41 49
AO Classification System
Using in practice 150 47 0.888 39 158 0.786 98 99 0.723
Not using in practice 24 8 7 25 17 I5

(*) Fisherfs exact Test. Age, years of experience and number of spine trauma cases/year are divided by the median.
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Table 3. F3 Facet Injury.
MRI Vascular study Dynamic radiographs
Variable Yes No P Value Yes No P Value Yes No P Value
Age
<40 years 104 15 0.394 83 36 0.122 33 86 0.820
>40 years 100 10 66 44 32 78
Gender
Male 191 23 0.671* 142 72 0.122 62 152 0.565%*
Female 13 2 7 8 3 12
Specialty
Neurosurgeon 89 8 0.267 76 21 0.001 38 59 0.002
Orthopedic surgeon 115 17 73 59 27 105
Complexity of hospital
Private hospital 83 4 0.023 52 35 0.443 27 60 0.672
Trauma center 22 3 I5 10 6 19
General hospital 64 8 50 22 22 50
University hospital 35 10 32 13 10 35
Experience
<8 years 108 12 0.641 88 32 0.006 34 86 0.986
>8 years 96 13 6l 48 31 78
Spine trauma cases/year
<30 126 13 0.345 93 46 0.468 38 101 0.663
>30 78 12 56 34 27 63
AO Classification System
Using in practice 174 23 0.361 123 74 0.038 57 140 0.647
Not using in practice 30 2 26 6 8 24
(*) Fishers exact Test. Age, years of experience and number of spine trauma cases/year are divided by the median.
Table 4. F4 Facet Injury.
MRI Vascular study Dynamic radiographs
Variable Yes No P Value Yes No P Value Yes No P Value
Age
<40 years 110 9 0.101 84 35 0.160 25 94 0.062
>40 years 107 3 68 42 13 97
Gender
Male 204 10 0.180%* 143 71 0.589 34 180 0.283*
Female 13 2 9 6 4 I
Specialty
Neurosurgeon 92 5 0.960 74 23 0.006 22 75 0.034
Orthopedic surgeon 125 7 78 54 16 116
Complexity of hospital
Private hospital 86 | 0.001 57 30 0.980 15 72 0.509
Trauma center 23 2 6 9 3 22
General hospital 71 | 49 23 15 57
University hospital 37 8 30 I5 5 40
Experience
<8 years 113 7 0.673 90 30 0.004 25 95 0.070
>8 years 104 5 62 47 13 96
Spine trauma cases/year
<30 136 3 0.009 93 46 0.833 23 116 0.981
>30 8l 9 59 31 15 75
AO Classification System
Using in practice 187 10 0.782 131 66 0.923 34 163 0.502
Not using in practice 30 2 21 I 4 28

(*) Fisherfs exact Test. Age, years of experience and number of spine trauma cases/year are divided by the median.
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Discussion

Very few spine surgeons managed cervical facet injuries with
only CT. A growing prevalence of additional radiological
exams were requested according to the crescent injury sever-
ity (from F1 to F4). Surgeons who work in private centers
generally requested cervical MRIs more frequently for almost
all types of injuries. Surgeons with a lower volume of cases
and surgeons with fewer years of experience also requested
more supplementary exams, which may be partially explained
by the need for additional information by less experienced
surgeons.

The contemporary treatment of unstable cervical spine inju-
ries consists of early surgery when possible and necessary to
improve the neurological outcome’ and to avoid neurological
deterioration. A classification system® can guide the decision-
making in the treatment of these spine injuries and is important
for surgeons to standardize their treatments. However, the
spectrum of presentations of cervical fractures in real-life may
require complementary studies before the final treatment deci-
sion. In developing countries, additional radiological evalua-
tion after a CT scan may significantly delay treatment and
negatively affect the final outcome. This may be extrapolated
to other low-income regions of the world. Another important
fact not addressed here is that additional radiological evalua-
tions increase hospital costs—both in terms of the exam and the
longer hospitalization time until the final decision is reached on
the best treatment option. MRI was the most common addi-
tional exam requested and MRI is not cost-effective for further
evaluation of unstable injury in neurologically intact patients
with blunt trauma after a negative cervical spine CT result.®
However, Rathod et al in a recent study incluiding 45 patients
with subaxial cervical spine fracture concluded that vertebral
artery injury in cervical spine trauma is an underrecognized
phenomenon and MRI can be an instrumental low-cost screen-
ing tool in resource-deficient parts of the world.” Thus, studies
investigating the real need and the impact of further radiologi-
cal evaluation on patient outcomes in context of facet fracture
are necessary.

Regional variations and the varied experiences of surgeons
during diagnosis and treatment of cervical facet dislocation
injuries have been recently studied by the AO Spine Cervical
Classification Validation Group. They found that >50% of the
272 AO spine members across all geographic regions initiate
radiological investigation of a cervical facet dislocation with an
MRI. There was a participation of 40 spine surgeons from
Latin/South America.'® This current study included a large
sample of spine surgeons exclusively from this same region
who are AO Spine members. We obtained information regard-
ing diagnosis in each type of facet injury and evaluated other
radiological modalities than MRI. In this region, there are sig-
nificant differences in the treatment of unilateral cervical facet
joint dislocation: 65% of the spine surgeons studied considered
it mandatory to have an MRI before treatment.''

Here, we analyzed the 3 most common complementary stud-
ies ordered by spine surgeons after a documented facet fracture

in the CT scan. Most surgeons requested an additional exam
after a CT; the crescent prevalence confirmed the degree of
severity ranging from 72.5% in F1 to 96.1% in F4.

MRI Before Treatment

Cervical spine MRI is a useful tool to evaluate spinal injuries. It
provides information about the status of the neural elements
(such as spinal cord and nerve roots) not clearly visualized by a
CT scan as well as information regarding the status of the
posterior ligamentous complex without the need for a dynamic
exam—this may increase the risk of an iatrogenic spinal cord
injury. However, MRI is much more time-consuming than a CT
scan and relies on a fully cooperative patient.'? Intubation is
common in severe trauma, and here MRI-compatible ventila-
tors are required, which may be difficult to obtain in low-
income centers that do not have full access to the necessary
resources.

Requesting an MRI in an isolated and non-displaced facet
fracture (such as an F1 or a F2 in a neurologically intact
patient) is controversial'® because it may not impact the con-
servative management strategy. Of note, our survey did not
inform surgeons of the neurological status of patients. It may
have increased the chances of them requesting a complemen-
tary exam and is a limitation of our results interpretation.
Neurologically intact patients may require fewer radiological
exams than severely injured patients, but further studies are
needed on this topic. In addition, there is a point of debate in
facet dislocation: Neurosurgeons are significantly more likely
than orthopedic surgeons to order an MRI before a closed or
open reduction. In fact, neurosurgeons ordered an MRI in
76.7% of cases whereas orthopedic surgeons did the same in
57.5% of cases.'* Our study also reported that neurosurgeons
were more likely to request an MRI than orthopedic surgeons
during the assessment of facet fractures of the subaxial cervi-
cal spine.

There is some validated evidence to support that an MRI in
the context of a cervical spine trauma in a non-neurologically
intact patients with a F4 facet fracture—regardless of the neu-
rological status of the patient—may lead to a change in the
surgical approach (anterior versus posterior) including if a her-
niated disk is present.'> However, if the patient has a conco-
mitant traumatic brain injury, then an MRI represents an
additional risk despite the potential to rule out cervical
injury-instability. The MRI may increase intracranial pressure
for supine positioning and may increase the risk of pneumonia
due to aspiration during the study.'®

Vascular Study Before Treatment

A potential vertebral artery injury may occur mainly in cervi-
cal fractures involving the cervical transverse foramen, facet
subluxation, and luxation as well as in upper cervical spine
injuries (from the condyles to C2).'” In the subaxial cervical
spine, only F2 and F3 fractures may have a fracture line
involving the transverse foramen when (sub)luxation is not
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present. Notably, in our survey, spine surgeons requested a
vascular study before the decision of treatment in 20.1% of F2
fractures and in 65.1% of the F3 fractures; neurosurgeons
requested this exam more frequently. The indication for a
vascular study may impose the risk of contrast reaction and
additional radiation, which should be considered especially in
asymptomatic patients.

We did not assess which modality of vascular study was
desirable, which may also limit our results interpretation. In
fact, despite the many available modalities, the gold standard
exam for vascular injuries was a digital subtraction angiogra-
phy (DSA).!” However, CT angiography (CTA) while useful as
a screening tool may lead to the unnecessary management of
vascular injuries such as anticoagulation therapy due to a
higher false positive rate caused by a lower sensitivity than the
DSA.'® Finally, MRI angiography has the advantage of being a
non-invasive study with an acceptable sensitivity similar to that
of CTA; however, it has a higher cost and requires taking the
patient to an MRI room, which may be difficult for severely
injured patients."”

Dynamic Radiographs Before Treatment

Simple plain radiographs have a low sensibility to detect facet
fractures versus CT scan images.”® On the other hand, dynamic
radiographs may play a role in the assessment of segmental
motion instability. Flexion-extension radiographs of the cervi-
cal spine can detect the slippage of vertebral bodies or distan-
cing between 2 contiguous spinous processes as well as
increase kyphosis suggesting that the instability is not obvious
in static exams. Their real usefulness in minor facet fractures is
unclear and requires further investigation. Additionally,
flexion-extension movements could not demonstrate vertebral
instability in a facet fracture where a rotational component is
assumed.

Differentiating between F1 and F2 facet fractures is crucial
due to the possibility of the patient developing clinical mani-
festations of instability, chronic pain, and/or deformity. In
addition, inter-observer disagreements in diagnosis exist with
CT scan images.* On a CT scan, some signs suggest the pres-
ence of a F2 fracture instead of a F1 fracture as the pattern of
the fracture involving the transverse process or comminution.*!
Dynamic radiographs may not help in this differentiation
despite their potential to identify occult instability.

Segmental instability is considered for most F3%% and F4****
fractures. Notably, 28.4% of the surgeons of this survey
requested dynamic radiographs before the decision of treat-
ment in F3 and 16.6% in F4. In our opinion, dynamic exams
may pose an additional risk of spinal cord injury for potentially
or clearly unstable injuries. Besides, flexion-extension radio-
graphs cannot demonstrate instability especially in isolated
floating lateral masses without displacement. In addition,
flexion-extension (dynamic) CT can be performed to diagnose
pathological movement of the cervical spine in trauma patients
to improve this capability to detect vertebral instability not
diagnosed by static CT and MRL.*

Limitations of This Survey

This study has the following limitations. First, it is based on the
response rate of our survey (23.4%). Even though 231 is a
reasonable sample size, it is not representative of all Latin
American spine surgeons. This is a limitation inherent to every
survey and may be a source of selection bias. Other limitations
may be related to the heterogeneity of responses in different
countries making our results difficult to generalize. In fact,
there was a significant difference in participation among the
countries: this can be a source of bias as countries with less
financial support are likely to have a lower possibility of
requesting more complementary studies. Finally, important
limitations are the study design, the non-availability of clinical
data when deciding if prescribing or not supplementary exams,
and the diagnosis based on the classification system rather than
on the examinations of illustrative cases. In addition, did not
consider the neurological status of the patient and the clinical
modifiers, which are essential parts of the AO Spine Classifi-
cation System.

Conclusions

Spine surgeons generally requested additional radiological
exams to manage cervical facet injuries. MRI was the most
commonly requested additional exam after a CT scan docu-
menting a fracture. Dynamic radiographs were commonly
requested for F1 and F2 injuries whereas vascular studies were
more common for F3 and F4 morphologies. Spine surgeons
from private hospitals and with lower spine trauma cases/year
requested MRIs and dynamic radiographs for F1 and F2 inju-
ries more frequently than more experienced surgeons. Sur-
geons with fewer years of experience also requested more
vascular studies in cases of F3 and F4 fractures.

Finally, neurosurgeons requested significantly more vascu-
lar studies and dynamic radiographs than orthopedic surgeons
before the treatment of all facet fractures. Further studies are
needed to understand the specific subgroup of patients who
may need additional radiological exams for managing cervical
facet fractures.
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