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ABSTRACT
Background

The choice of surgical approach for the management of subaxial cervical spine facet dislocations is a controversial subject amongst
spine surgeons. Reasons for this include differences in the technical familiarity and experience of surgeons with the different surgical
approaches, and variable interpretation of image studies regarding the existence of a traumatic intervertebral disc herniation and of
the neurological status of the patient. Moreover, since the approaches are dissimilar, important variations are likely in neurological,
radiographical and clinical outcomes.

Objectives

To compare the effects (benefits and harms) of the different surgical approaches used for treating adults with acute cervical spine facet

dislocation.
Search methods

We searched the Cochrane Bone, Joint and Muscle Trauma Group Specialised Register (9 May 2014), The Cochrane Central Register
of Controlled Trials (7he Cochrane Library, 2014 Issue 4), MEDLINE (1946 to April Week 5 2014), MEDLINE In-Process & Other
Non-Indexed Citations (8 May 2013), EMBASE (1980 to 2014 Week 18), Latin American and Caribbean Health Sciences (9 May

2014), trial registries, conference proceedings and reference lists of articles to May 2014.
Selection criteria

We included randomised and quasi-randomised controlled trials that compared surgical approaches for the management of adults with
acute cervical spine facet dislocations with and without spinal cord injury.

Data collection and analysis
Two review authors independently selected studies, assessed risk of bias and extracted data.
Main results

We included one randomised and one quasi-randomised controlled trial involving a total of 94 participants and reporting results for a
maximum of 84 participants. One trial included patients with spinal cord injuries and the other included patients without spinal cord
injuries. Both trials compared anterior versus posterior surgical approaches. Both trials were at high risk of bias, including selection bias
(one trial), performance bias (both trials) and attrition bias (one trial). Data were pooled for one outcome only: non-union. Reflecting
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also the imprecision of the results, the evidence was deemed to be of very low quality for all outcomes; which means that our level of
uncertainty about the estimates is high.

Neither trial found differences between the two approaches in neurological recovery or status, as shown in one study by small clinically
insignificant differences in NASS (Northern American Spine Society) neurological scores (0 to 100: optimal score) at one year of follow-
up: anterior mean score: 85.23 versus posterior mean score: 83.86; mean difference (MD) 1.37 favouring anterior approach, 95%
confidence interval (CI) -9.76 to 12.50; 33 participants; 1 study). The same trial found no relevant between-approach differences at
one year in patient-reported quality of life measured using the 36-item Short Form Survey physical (MD -0.08, 95% CI -7.26 to 7.10)
and mental component scores (MD 2.88, 95% CI -3.32 to 9.08). Neither trial found evidence of significant differences in long-term
pain, or non-union (2/38 versus 2/46; risk ratio (RR) 1.18, 95% CI 0.04 to 34.91). One trial found better sagittal and more 'normal’
alignment after the anterior approach (MD -10.31 degrees favouring anterior approach, 95% CI -14.95 degrees to -5.67 degrees),
while the other trial reported no significant differences in cervical alignment. There was insufficient evidence to indicate between-group
differences in medical adverse events, rates of instrumentation failure and infection. One trial found that the several participants had
voice and swallowing disorders after anterior approach surgery (11/20) versus none (0/22) in the posterior approach group: RR 25.19,
95% CI 1.58 to 401.58); all had recovered by three months.

Authors’ conclusions

Very low quality evidence from two trials indicated little difference in long-term neurological status, pain or patient-reported quality of
life between anterior and posterior surgical approaches to the management of individuals with subaxial cervical spine facet dislocations.
Sagittal alignment may be better achieved with the anterior approach. There was insufficient evidence available to indicate between-
group differences in medical adverse events, rates of instrumentation failure and infection. The disorders of the voice and swallowing
that occurred exclusively in the anterior approach group all resolved by three months. We are very uncertain about this evidence and
thus we cannot say whether one approach is better than the other. There was no evidence available for other approaches. Further higher
quality multicentre randomised trials are warranted.

PLAIN LANGUAGE SUMMARY
Surgical approaches for dislocations of the neck bones

The part of the back bone found in the neck is called the cervical spine. It consists of seven bones (or vertebrae). The relative movement
of these vertebrae is mainly via small joints (called facet joints) located between each vertebrae. The facet joints in the cervical spine
facilitate good movement of the neck, but they are vulnerable to dislocation. Typically, cervical spine facet dislocations are caused by
high-energy traumas such as road traffic accidents or violent attacks. Approximately half of people with such dislocations sustain an
injury to the spinal cord carried within the spine. This can result in significant impairment of function (e.g. paralysis). Surgery is usually
needed for these serious injuries in order to keep the neck bones in place.

‘What are the different surgical approaches?

There are two main stages to surgery: reduction and fixation. Reduction is the restoration of an injured or dislocated bone or joint to its
normal anatomical position, and can be achieved either with surgery or through closed reduction, which is performed with traction or
manipulation. Fixation is the medical procedure used to stabilise one or more joints, or a fractured bone, usually by surgically inserting
devices such as wires, screws, plates and rods. Fixation of the injury is generally accomplished by either an anterior or posterior surgical
approach. With an anterior cervical approach the surgery is performed through an incision over the front surface of the neck, while the
posterior cervical approach consists of a lengthwise midline incision over the back part of the neck and dissection through muscle to
the cervical vertebrae. This approach gives direct access to the dislocated facet joints.

Description of the studies included in the review

We searched the medical literature until May 2014 and found two relevant studies that included a total of 94 adults with cervical
spine facet dislocations. One trial included individuals with spinal cord injuries and the other included individuals without spinal cord
injuries. Both studies compared the anterior versus posterior surgical approach.

Quality of the evidence
The two studies were small and both were at high risk of bias. We therefore judged the quality of the evidence to be very low.

Summary of the evidence

Surgical approaches for cervical spine facet dislocations in adults (Review) 2
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Neither study found differences between the two approaches in neurological status and pain at one year. One study also found no
differences between the two approaches in patient-reported quality of life. Although one study found that the anterior approach resulted
in more normal curvature of the neck, the other study reported finding no difference between the two approaches with regard to the
alignment of the neck vertebrae. The evidence was insufficient to indicate differences between the two approaches in medical adverse
events, rates of instrumentation failure and infection. Although over half (11) of 20 people in the anterior approach group in one study
had voice and swallowing disorders, these all resolved by three months.

Conclusion

The quality of the evidence was very low, meaning that we are very uncertain about the direction and size of effect. Thus we are unable
to say whether either an anterior or posterior approach to the surgical management of individuals with dislocations to the cervical spine
facet joints is better than the other. We suggest that further research is needed to inform the choice of surgical approach.
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SUMMARY OF FINDINGS FOR THE MAIN COMPARISON [Explanation]

Anterior versus posterior approach for cervical facet dislocations in adults

Population: adults with cervical spine facet dislocations

Settings: hospital

Intervention: anterior approach
Comparison: posterior approach

Outcomes Illustrative comparative risks* (95% Cl) Relative effect No. of participants Quality of the evidence Comments
(studies) (GRADE)

Assumed risk! Corresponding risk

Posterior approach Anterior approach
Final post-surgical Mean 83.86 The mean final post- 33 SO00 Another study (47 par-
neurological status (range 43.3 to 100) surgical neurological (1 study)? very low3 ticipants), which in-
NASS (North American status in the anterior cluded patients with
Spine Society) scores. group was spinal cord injury, re-
Scale from: 0 to 100 1.37 higher ported that there was
(higher scores indi- (9.76 lower to 12.5 no significant differ-
catebetterneurological higher) ences in neurological
function). recovery between the
Follow-up: mean 12 two groups (very low
months quality evidence)*
Functional aspects and Mean 46.91 The mean SF-36 physi- 33 SOOO
quality of life - SF-36 (range 35.2 to 58.9) cal score in the anterior (1 study)? very low3

physical scores
SF-36. Scale from: 0 to

100 (higher scores in-

dicate better quality of
life).

Follow-up: mean 12
months

group was

0.08 lower

(7.26 lower to 7.1
higher)
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Emotional aspects and Mean 49.3 The mean SF-36 men- 33 SOOO

quality of life - SF-36 (range 29.9 to 62.1) tal score in the anterior (1 study)? very low3

mental scores group was

SF-36. Scale from: 0 to 2.88 lower

100 (higher scores in- (3.32 lower to 9.08

dicate better quality of higher)

life).

Follow-up: mean 12

months

Pain Mean 81.67 The mean NASS pain 33 SO00 Another study (47 par-

North Americal Spine (range 58 to 100) score was (1 study)? very low3 ticipants), which in-

Society pain scores. 4.14 higher in the ante- cluded patients with

Scale from: 0 to 100 rior group spinal cord injury, re-

(higher scores indicate (5.54 lower to 13.82 ported that seven par-

less pain). higher) ticipants in each group

Follow-up: mean 12 had neck pain (7/20 an-

months terior group versus 7/
27 posterior group; RR
1.35, 95% CI 0.56 to 3.
23)
(very low quality evi-
dence)?

Non-fusion at follow- Study population RR1.18 (0.04 to 34.91) 84 DOO0O

up (2 studies) very low3-4

Radiographic data

Follow-up: 12 to 17 43 per 1000 51 per 1000

months (2 to 1000)

Sagittal alignment Mean The mean sagittal align- 36 SO00 Lower (negative) de-

Scale from: -20 to 20 1.55 degrees ment was (1 study)? very low3 grees indicate physio-

degrees.
Follow-up: mean 12
months

10.31 lower in the an-
terior group
(14.95 to 5.67 lower)

logical cervical align-
ment

Another study (47 par-
ticipants), which in-
cluded patients with
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sninal cord iniirv re-

Complications Swallowing/voice disorders (short-term) RR25.19 42 SO00
Number of events (1.58t0 401.58) (1 study)? very low3
Follow-up: mean 12
months
0 per 1000 550 per 1000 (actual re-
sults)

Very low quality evi-
dence® did not con-
firm between-group dif-
ferences in medical
adverse events, rates
of instrumentation fail-
ure and infection. The
only significant dif-
ference found related
to voice and swal-
lowing disorders af-
ter anterior approach
surgery; this was re-
ported only in one
study. All had recov-
ered by three months

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is

based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95%Cl).
Cl: Confidence interval; RR: risk ratio; SF-36: 36-item Short-Form Survey

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

1. The assumed risk is based on that provided in the included studies.

2. This study excluded patients with spinal cord injury.

3. The evidence was downgraded two levels for limitations in study design and implementation (primarily performance bias
from lack of clinician and participant blinding, and attrition bias) and one level for imprecision (small sample size and wide
Cl).

4. The evidence was downgraded two levels for limitations in study design and implementation (primarily selection bias
from inadequate randomisation method and lack of allocation concealment, performance bias from lack of clinician and
participant blinding, detection bias from lack of outcome assessment blinding and other bias, especially imbalances in
baseline characteristics) and one level forimprecision (small sample size and either wide Cl or a clearly large range in values).



BACKGROUND

Description of the condition

Fractures and dislocations of the spine are among the most chal-
lenging in trauma clinical practice. Vertebral column injuries oc-
cur in approximately 6% of trauma patients, half of which sustain
spinal cord or nerve root neurological deficits (Burney 1993). The
main causes of traumatic spinal cord injury (SCI) are motor vehi-
cle-related accidents (39.5% to 55%), violence (14.2% to 29.5%),
falls (18.8% to 23%) and sports injuries (7.3% to 11.1%) (Burke
2001; DeVivo 1997; Nobunaga 1999). For definitions of some of
the terms used in this review, see the Glossary in Table 1.

The incidence of SCIs in North America has remained stable over
the past 30 years, and ranges between 27 and 47 cases per million
population (Fisher 2006). In addition, it has been estimated that
the annual incidence of SClIs requiring hospitalisation in devel-
oped countries is approximately 11.5 to 53.4 per million popula-
tion (Kraus 1975; Surkin 2000). The most common site of SCI is
the cervical region, accounting for 50% to 64% of traumatic SCls
(Tator 1995). Approximately 40% of these injuries are associated
with a neurological deficit (Lasfargues 1995). Moreover, the in-
cidence of traumatic disc herniations at the site of injury in this
population may be about 54% (Robertson 1992).

The cervical or neck region of the spine consists of seven verte-
brae. The first and second cervical vertebrae (C1 and C2), respec-
tively, the atlas and axis, form the upper cervical spine. The lower
cervical spine comprises the third to the seventh vertebrae (C3 to
C7). Below this is the thoracic region of the spine, starting with
the T'1 vertebra. Relative movement of the vertebrae is primarily
via the facet joints. Starting from below C2, intervertebral discs
lie between the cylindrical parts (centrum) of adjacent vertebrae.
These discs act as shock absorbers, as well as allowing movement.
A traditionally used classification system for subaxial cervical spine
injuries is that described by Allen 1982. This is based on the mech-
anism of injury, and is divided into six categories: compression-
flexion, vertical compression, distraction-flexion, compression-ex-
tension, distraction-extension and lateral flexion. Facet disloca-
tions are classified as distraction-flexion injuries and account for
approximately 10% of all subaxial cervical spine fractures. They
may be unilateral or bilateral. Although pure ligamentous facet
injuries, by definition, are classified as facet dislocations, it is im-
portant to note that facet fractures are part of the same spectrum
of injury. Both types are probably the result of subtle differences
in injury mechanism, in which pure ligamentous injuries occur
when distractive forces across the posterior elements outweigh
shear forces, whereas facet fractures take place when the facet is
subjected to a relatively greater shear force. Both have similar as-
sociated instability patterns and diagnostic, therapeutic and prog-
nostic factors (Bellabarba 2006).

Description of the intervention

Several aspects in the management of facet dislocations are contro-
versial. Intervention may be considered in two stages: a) reduction,
which can be performed closed with skull traction or surgically
(by an anterior or posterior approach), and b) internal fixation,
which can be performed by an anterior or posterior approach.

It should be clearly established whether it is safe to undertake
closed manipulation of the neck either awake or under anaesthe-
sia. The timing of such closed reduction is important. Some au-
thors believe that an early, successful, closed reduction protects
neurological elements during the mobilisation of the patient and
may potentially improve neurorecovery in compromised patients
compared with delayed reduction (Kahn 1998; Lee 1994). Oc-
casionally, gentle manipulation by an experienced surgeon can be
necessary to reduce a perched facet during the traction procedure
(Star 1990). Any treatment will be complicated by the presence
of an intervertebral disc prolapse. Whether magnetic resonance
imaging (MRI) is required before intervention is uncertain, with
some authors arguing that, due to the high incidence of herniated
discs at the time of cervical dislocations, an MRI scan should be
obtained prior to reduction (Eismont 1991; Robertson 1992) and
others considering that imaging is unnecessary during immediate,
awake, closed traction in an alert and cooperative patient (Hart
2002).

Generally, facet dislocations are stabilised posteriorly, but there has
been a trend towards anterior surgery, due to concern regarding the
potential for any disc herniation to lead to spinal cord compression
(De Lure 2003; Doran 1993; Eismont 1991; Harrington 1991;
Harrop 2001; Maiman 1986).

Open posterior reduction and stabilisation is accomplished by
a distraction manoeuvre and the placing of a small instrument
between the dislocated facets or, if necessary, by removal of the
superior part of the caudal facet, allowing the dislocated facet to
fall back to its original position. The subsequent fixation may be
performed with sublaminar or spinous process wires, or both, or
lateral mass or pedicle screws.

The anterior approach is initiated with decompression and dis-
cectomy at the level (of the spine) compromised by the injury,
followed by a reduction manoeuvre (if necessary) that can be per-
formed in many ways, including distraction with sequential appli-
cation of weight, direct manipulation or reduction through Cas-
par vertebral pins. Thereafter, fixation may be achieved with iliac
crest graft or cage placement at the intervertebral space associated
with anterior cervical plating.

Some studies justify anterior procedures on the grounds of safety
(Ordonez 2000; Reindl 2006), whereas others promote posterior
cervical reduction and fusion even in the presence of a herniated
disc (Abumi 2000), or anterior cervical discectomy and grafting
followed by a posterior reduction and fusion (Allred 2001).

Surgical approaches for cervical spine facet dislocations in adults (Review) 7
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How the intervention might work

All surgical approaches (including anterior- and posterior-only
approaches) for cervical facet dislocation may be used for reduction
and fixation in an attempt to acquire anatomical realignment and
bony fusion, and maximise neurological recovery, long-term relief
of pain, functional recuperation and early return to activities of

daily living.

Why it is important to do this review

The seriousness of cervical spine facet dislocations, including the
risk of major complications such as paralysis, points to the need
for evidence-based practice. Although there appears to be a trend
towards the use of the anterior approach for some types of these
injuries, a recent survey found poor overall agreement between
surgeons on the choice of surgical approach (Nassr 2008). This
underlying variation in treatment indicates the uncertainty on the
best approach and the need to conduct a systematic review of the
best evidence to inform practice.

OBJECTIVES

To compare the effects (benefits and harms) of the different surgical
approaches used for treating adults with acute cervical spine facet

dislocation.

METHODS

Criteria for considering studies for this review

Types of studies

We included randomised controlled trials (RCTs) and quasi-ran-
domised (a method of allocating participants to a treatment which
is not strictly random, e.g. by date of birth, hospital record num-
ber, alternation) controlled trials.

Types of participants

We included all studies relating to adults with an acute (less than
three weeks) and radiologically confirmed distraction-flexion dis-
location or fracture-dislocation of the lower cervical spine with
or without neurological deficit. Trials including participants with
unilateral or bilateral facet dislocation injuries were included. Tri-
als including adolescents or people with other cervical spine in-
juries, or both, were included, provided separate data could be
obtained or the proportion included was small.

Types of interventions

Included were trials comparing different surgical approaches for
these injuries. The main comparison was the anterior versus the
posterior approach for either open reduction and fixation or fixa-
tion after initial closed reduction.
1. Anterior surgical approaches, including:

e anterior cervical surgical reduction and fixation;

e closed reduction followed by anterior cervical surgical
fixation.

2. Posterior surgical approaches, including:

e posterior cervical surgical reduction and fixation;

e closed reduction followed by posterior cervical surgical
fixation.

3. Combined approaches following closed reduction:
e anterior-posterior;
e anterior-posterior-anterior;
® posterior-anterior.

4. Combined approaches (with open reduction):
e anterior-posterior;
e anterior-posterior-anterior;
® posterior-anterior.

Types of outcome measures

Primary outcomes

e Final post-surgical neurological status (recovery or
deterioration)

Secondary outcomes

Functional aspects and quality of life
Pain

Radiographical outcomes
o Bone fusion

o Dislocation reduction or sagittal realignment

Complications

o Economic data

We considered only validated measure instruments for analysis.
We accepted outcomes measured at any time of follow-up.

Search methods for identification of studies

Electronic searches

We searched the Cochrane Bone, Joint and Muscle Trauma Group
Specialised Register (9 May 2014), The Cochrane Central Reg-
ister of Controlled Trials (CENTRAL; The Cochrane Library,

Surgical approaches for cervical spine facet dislocations in adults (Review) 8
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2014 Issue 4), MEDLINE (1946 to April Week 5 2014), MED-
LINE In-Process & Other Non-Indexed Citations (8 May 2013),
EMBASE (1980 to 2014 Week 18) and LILACS (Latin Amer-
ican and Caribbean Health Sciences) database (9 May 2014).
We also searched Current Controlled Trials (May 2014) and
the World Health Organization (WHO) International Clinical
Trials Registry Platform (May 2014). No language restrictions
were applied.

We present search strategies composed of descriptors for the clin-
ical condition, intervention of interest, as well as an RCT fil-
ter for each database in Appendix 1. We combined the MED-
LINE search with the sensitivity- and precision-maximising ver-
sion of the Cochrane Highly Sensitive Search Strategy for identi-
fying RCTs (Lefebvre 2011) and the LILACS search with the op-
timal search strategy for clinical trials in LILACS (Castro 1999).

Searching other resources

We also searched the reference lists of relevant articles, includ-
ing narrative reviews, and book chapters. We screened confer-
ence proceedings from Orthopaedic Trauma Association Annual
Meetings (1996 to 2013) and EuroSpine Meetings (2007 to
2013). We also contacted other researchers and experts in the field.

Data collection and analysis

The intended methodology for data collection and analysis was

described in our published protocol (Del Curto 2009).

Selection of studies
Two review authors (DDC and DEM) independently assessed the

titles and abstracts of the identified articles to determine potential
relevance. The same authors analysed the full text of potentially
relevantarticles to assess eligibility. All disagreements were resolved

by discussion or by a third opinion (JCB).

Data extraction and management

Two review authors (DDC and DEM) independently extracted
data from each study using a pre-piloted data extraction form. All
unresolved disagreements were resolved by discussion with another

author (JCB).

Assessment of risk of bias in included studies

Two review authors (DDC and DEM) independently assessed the
risk of bias of the included studies using The Cochrane Collabora-
tion’s 'Risk of bias” tool (Higgins 2008). This tool incorporates the
assessment of randomisation (sequence generation and allocation
concealment), blinding of participants and personnel (for perfor-
mance bias), blinding of outcome assessment (for detection bias),
completeness of outcome data, selection of outcomes reported and

other sources of bias. Other considered sources of bias included
bias resulting from major imbalances in baseline characteristics
(e.g. the presence of SCI) and performance bias, where we assessed
the risk of bias from systematic differences in the experience of
the operating surgeon(s) and subsequent rehabilitation. All un-
resolved disagreements were resolved by discussion with a third
author (JCB). Titles of journals, names of authors or supporting

institutions were not masked at any stage.

Measures of treatment effect

Where appropriate, we calculated risk ratios (RR) with 95% confi-
dence intervals (CIs) for dichotomous outcomes and mean differ-
ences (MD) with 95% ClIs for continuous outcomes. When data
from primary studies were not parametric (e.g. effects reported as
medians and quartiles, etc) or were not adequately reported (e.g.
without standard deviations), we presented these in text or tables,

or both.

Unit of analysis issues

The individual participant was both the unit of randomisation and
the unit of analysis in included trials. We avoided other unit of
analysis issues such as presenting total numbers of complications
rather than numbers of participants with complications, where

participants have more than one complication.

Dealing with missing data

For dichotomous data, we attempted to perform intention-to-treat
analyses including all participants randomised to the intervention
groups. For continuous data, we intended, if necessary by contact-
ing trial investigators, to favour ’last observation carried forward’
analyses for accounting for missing data. When our efforts to ac-
quire missing data from authors were unsuccessful, we performed
available case analyses and thus just used the data that were avail-
able. We stipulated beforehand that we would assume there were
no dropouts in any study that did not report dropouts.

Assessment of heterogeneity

We assessed heterogeneity by visual inspection of the forest plot
(analysis) together with consideration of the Chi? test for hetero-
geneity and the I2 statistic (Higgins 2003). We based our quanti-
tative assessment of heterogeneity mainly on the I2 statistic, and
interpreted it according to the Cochrane Handbook for Systematic
Reviews of Interventions (Deeks 2011) where 0% to 40% might not
be important, 30% to 60% may represent moderate heterogeneity,
50% to 90% may represent substantial heterogeneity and 75% to
100% may represent very substantial (considerable) heterogeneity.
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Assessment of reporting biases

In future, should a sufficient number of studies be available (10
studies), we will attempt to assess publication bias by preparing
a funnel plot. However, we remain aware that asymmetry in the
funnel plot can be associated with other reasons than publication
bias (e.g. chance, real heterogeneity and clinical particularities in-
herent to each of the included studies, such as participants at high
risk for the outcome).

Data synthesis

When appropriate, we pooled the results of comparable groups and
calculated the 95% CI. In future updates, we plan to present MDs
for continuous outcomes unless data are derived from disparate
outcome measures, in which case standardised mean differences
(SMDs) will be presented. We used the random-effects model be-
cause, as expected, there was substantial clinical and methodolog-
ical heterogeneity between studies, which could generate substan-
tial statistical heterogeneity.

Subgroup analysis and investigation of heterogeneity

We planned but could not carry out subgroup analyses by age and
gender, fracture type (unilateral versus bilateral facet dislocation),
neurological status (neurologically intact, incomplete and com-

plete SCI) and use/non-use of MRI before reduction.

Sensitivity analysis

Where possible, we planned sensitivity analyses to examine various
aspects of trial and review methodology, including the effects of
intention-to-treat and available data analyses, and the inclusion of
trials without concealment of allocation or those reported only in
abstract form.

Quality assessment and 'Summary of findings’ table

We used the GRADE (Grades of Recommendation, Assessment,
Development and Evaluation) approach to assess the quality of
evidence relating to the listed outcomes (Higgins 2011, Section
12.2) and generated a 'Summary of findings’ table for the sole

comparison tested in the review.

RESULTS

Description of studies

Results of the search

We completed the search in May 2014. We screened a total of 949
records from the following databases: Cochrane Bone, Joint and
Muscle Trauma Group Specialised Register (122 records); CEN-
TRAL (169), MEDLINE (75), EMBASE (578), LILACS (5),
Current Controlled Trials (0) and the WHO International Clin-
ical Trials Registry Platform (0). We did not identify any poten-
tially eligible studies from other sources such as the manual search
of references.

We identified three potentially eligible studies, for which full re-
ports were obtained. Upon study selection, we included two stud-
ies (Brodke 2003; Kwon 2007) and excluded one (Kandziora
2005). We did not identify any ongoing studies.

A flow diagram summarising the study selection process is pre-
sented in Figure 1.
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Figure 1. Study flow diagram.
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Included studies

We included two studies in this review (Brodke 2003; Kwon
2007). Brodke 2003 was also reported in abstract form at the
Orthopaedic Trauma Association Annual Meeting in September
1996. For further details, please see the Characteristics of included
studies.

Design
Brodke 2003 was a quasi-randomised trial, where allocation was
according to the day of admission. In Kwon 2007, participants

were randomised “according to a block randomisation procedure”.

Sample sizes

The two studies included a total of 94 participants. Brodke 2003
included 52 participants, and presented results for at least six
months of follow-up for 47 participants. Kwon 2007 included 42
participants, and presented results for 12 months of follow-up for
33 participants.

Setting

There was no information available as to whether studies were
conducted in single or multiple centres. Brodke 2003 was con-
ducted in the USA and Kwon 2007 in Canada.

Participants

Most of the participants in each trial were male (79% of the trial
population in Brodke 2003 and 74% in Kwon 2007). The mean
age was 35 years in both studies. An important difference between
participants in the studies was that Brodke 2003 specifically in-
cluded individuals with spinal cord injuries (SCls), whereas Kwon
2007 included individuals with unilateral facet fractures or dis-
locations without SCIs. Brodke 2003 included individuals with
different types of spine injuries, most of them including facet joint
dislocations. However, Brodke 2003 also included seven people
with burst type fractures only.

Interventions

Both trials compared the anterior surgical approach versus the pos-
terior surgical approach in the treatment of cervical spine injuries.

Outcomes

Primary outcomes

Final post-surgical neurological status was evaluated in Brodke
2003 on the last day of follow-up (minimum of six months) using
the Frankel classification (Frankel 1969) and the American Spinal
Injury Association (ASIA) motor index score (ASIA 1992).
Kwon 2007 reported on neurological function using NASS
(Northern American Spine Society) neurological scores after 12
months of follow-up.

Secondary outcomes

Clinical outcomes were assessed in both studies. Kwon 2007 re-
ported on functional aspects and quality of life via the 35-item
Short-Form Survey (SF-36). Both studies reported pain as an out-
come. However, Brodke 2003 reported only the numbers of par-
ticipants reporting neck pain at final follow-up and Kwon 2007
reported postoperative pain on day one and day two, assessed via a
visual analogue scale (VAS), and at one year, assessed via the NASS
cervical spine pain score.

Radiographical outcomes were reported in both studies. Brodke
2003 and Kwon 2007 both evaluated fusion rates and sagittal
alignmentat the level of injury. Brodke 2003 also assessed kyphotic
angulation across the injury site and anterior-posterior displace-
ment of the vertebral body.

Both studies reported complications as an outcome.

Kwon 2007 reported on the duration of time required for a par-
ticipant to achieve a standard set of discharge criteria. The rela-
tion between these criteria and actual discharge criteria was not
discussed in the trial report.

Excluded studies

We excluded one study because it was not randomised (Kandziora
2005) (see the Characteristics of excluded studies).

Risk of bias in included studies

See Figure 2 and Figure 3.
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Figure 2. ’Risk of bias’ graph: review authors’ judgements about each ’Risk of bias’ item presented as
percentages across all included studies.
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Figure 3. ’Risk of bias’ summary: review authors’ judgements about each ’Risk of bias’ item for each
included study.
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Allocation

Since Brodke 2003 was quasi-randomised with allocation based
on the day of admission, we judged this trial to be at high risk of
selection bias relating to inadequate sequence generation and lack
of allocation concealment. Kwon 2007 reported only that it used
a block randomisation process. Given the lack of details on which
to make a judgement, we rated Kwon 2007 as being at unclear
risk of selection bias relating to sequence generation and allocation
concealment.

Blinding

Due to the nature of the interventions, blinding was not feasible
cither for participants or treatment providers. Hence, we judged
both trials to be at high risk of performance bias relating to lack of
blinding. Both trials referred to independent but not treatment-
blinded outcome assessment. We judged detection bias to be un-
clear for both trials.

Incomplete outcome data

Surgical approaches for cervical spine facet dislocations in adults (Review)
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Both studies described the participants who were lost to follow-
up as well as those who were excluded. However, outcome data
for those participants were not available, even after our attempts
to obtain these data from the trial authors.

We judged Brodke 2003 to be at unclear risk of attrition bias, as
there were similar losses to follow-up from the final analysis in both
groups. Of the five excluded participants (9.6%), two had died
of other injuries in the eatly postoperative period in the anterior
group (9%) and three had less than six months of follow-up in the
posterior group (10%).

We considered Kwon 2007 to be at high risk of bias as losses to
follow-up were not evenly distributed between allocation groups.
For patient-reported outcomes of functional aspects and quality of
life, 6 of 20 participants from the anterior group (30%) and 3 of 22
(14%) from the posterior group were lost to follow-up or did not
send back outcome questionnaires at the one year follow-up. For
radiographical outcomes, 2 of 20 (10%) participants randomised
to anterior surgery and 3 (14%) of those randomised to posterior
surgery did not complete follow-up at the one-year postoperative
time point.

Selective reporting

All the outcomes described in the methods of both studies were
presented in the results. However, we judged Brodke 2003 to be
at unclear risk of selective reporting bias because the scoring sys-
tem for the Frankel classification of neurological status was incom-
pletely described, as well as being inappropriate. We judged Kwon
2007 to be at low risk for reporting bias.

Other potential sources of bias

In Brodke 2003, there were important between-group baseline
differences in type of injury and neurological status; additionally,
the mean time to surgery was twice as long in the anterior group
as in the posterior group (10 versus 5 days). We thus judged this
trial to be at high risk of other bias. We judged Kwon 2007 to be at
unclear risk of other bias because of the variety of instrumentation
devices used in both participant groups, especially in the posterior
fixation group, in which lateral mass screws with plates, or posterior
wiring, or both, were used.

Effects of interventions

See: Summary of findings for the main comparison Anterior
versus posterior surgical approaches for cervical facet dislocations
in adults

The only surgical approaches compared in these trials included in
this review were the anterior and posterior approaches.

Primary outcomes

Final post-surgical neurological status

Brodke 2003 presented preoperative and final follow-up data on
neurological outcomes based on Frankel grades (see below) and
the ASIA motor score (ASIA 1992).
The Frankel classification grading system is shown below (Frankel
1969).

e Grade A: complete neurological injury - no motor and
sensory function below the injured level

e Grade B: some sensation present below the lesion (injured
level) but the motor paralysis is complete below that level

e Grade C: some motor power present below the lesion but it
is of no practical use to the patient

e Grade D: useful motor power below the level of lesion

e Grade E: normal motor and sensory functions (some
abnormalities may still be present)

The baseline distribution of Frankel grades differed between the
groups; for example, 10 (50% of 20) participants in the anterior
group had grade A injuries, compared with 16 (59% of 27) in the
posterior group. Whereas 14 of 20 (70%) participants in the ante-
rior group and 15 of 27 (56%) participants in the posterior group
improved one grade or more, this outcome measure is unsatisfac-
tory given the different extents of recovery between the different
levels and the differences in the baseline distribution.

The mean ASTA motor index scores (0 to 100, where 100 is the
optimal score) increased from 43 to 64 in the anterior group and
from 40 to 54 in the posterior group. This difference was reported
to be not statistically significant but the study authors did not
provide standard deviations or respond to our request for these
data.

Neurological status at one year of follow-up was evaluated in Kwon
2007 using NASS neurological scores (0 to 100, where 100 is the
optimal score) in 33 participants (14 in the anterior group and 19
in the posterior group) and found no difference between groups
(anterior mean: 85.23 versus posterior mean: 83.86; MD 1.37,

95% CI-9.76 to 12.50) (Analysis 1.1).

Secondary outcomes

Functional aspects and quality of life

Brodke 2003 did not report these outcomes.

In Kwon 2007, 12 months after surgery, 33 participants (14 ver-
sus 19) completed the SF-36 and the NASS cervical spine ques-
tionnaire. There were no statistically significant differences be-
tween participants for the SF-36 physical component score (ante-
rior mean: 46.83 versus posterior mean: 46.91; MD -0.08, 95%
CI -7.26 to 7.10) or mental component scores (anterior mean:
52.31 versus posterior mean: 49.43; MD 2.88, 95% CI -3.32 to
9.08) (Analysis 1.2). These are both scored on a 0 to 100 scale,
with 100 being the best score and a score of 50 representing the
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mean for a normal population; neither of the mean differences
amounted to a clinically important difference.

Pain

Brodke 2003 reported that seven participants in each group had
neck pain at final follow-up (7/20 anterior approach versus 7/27
posterior approach; RR 1.35, 95% CI 0.56 to 3.23; Analysis 1.3).
In Kwon 2007, pain was assessed using a VAS on the first and
second postoperative days. On this scale, 0 means no pain and 10
represents the worst pain. Pain scores on both days favoured the
anterior group, but the MD was less than the minimum clinically
important difference and the results on the second postoperative
day only were of borderline statistical significance (anterior mean:
2.10 versus posterior mean: 2.98; MD -0.88, 95% CI -1.76 to
0.00) (Analysis 1.4). At one year of follow-up, pain was evaluated
using NASS cervical spine pain scores and no difference was ap-
parent between the two groups (anterior mean: 85.81 versus pos-
terior mean: 81.67; MD 4.14, 95% CI -5.54 to 13.82) (Analysis
1.5).

Radiographical outcomes

Two participants in the anterior group of Brodke 2003 and two
in the posterior group of Kwon 2007 were found to have non-
fusion or union at final follow-up. Hence, only two participants
had non-bony fusion in each group in the pooled results (2/38
versus 2/46; RR 1.18, 95% CI 0.04 to 34.91; Analysis 1.6).
Brodke 2003 reported, without providing usable data, that there
were “no significant differences in improved alignment or loss of
correction between groups”. In Kwon 2007, however, the average
sagittal alignment at the level of injury of participants treated by
the anterior approach was 8.76 degrees (SD 5.96 degrees) of lor-
dosis; whereas in those treated by posterior approach, the mean
sagittal alignment was 1.55 degrees (SD 8.17 degrees) of kyphosis,
which represents a statistically significant difference favouring the
anterior group (MD -10.31 degrees, 95% CI -14.95 degrees to -
5.67 degrees) (Analysis 1.7). The normal curvature at the cervical
spine is lordotic: Kwon 2007 reported that 3 of 18 participants
in the anterior group versus 11 of 19 in the posterior group were
kyphotic across the injured segment.

Complications

These data are presented in Analysis 1.8. Brodke 2003 reported
one case of instrumentation failure in each group (RR 1.35, 95%
CI 0.09 to 20.31) and that four participants (two in each group)
developed medical complications (three pneumonia and one acute
respiratory distress syndrome) (RR 1.35, 95% CI 0.21 to 8.78).
There were also two deaths that were unrelated to the surgery in
the anterior group in Brodke 2003.

In Kwon 2007, 11 of 20 participants treated by the anterior ap-
proach had difficulties with swallowing or voice disorders at the

time of discharge; no such complications were reported in those
treated by the posterior approach (RR 25.19, 95% CI 1.58 to
401.58). However, 10 of these participants had recovered by six
weeks of follow-up and the remaining participant had recovered
at three months. Four of 22 participants randomised to the poste-
rior group had neck wound infection during their hospitalisation,
whereas one participant in the anterior group had infection at the
site of the iliac graft harvesting (RR 0.28, 95% CI 0.03 to 2.26).
An elderly participant in the anterior group presented with a va-
riety of medical complications in the acute postoperative period
(Analysis 1.8).

Economic data

Neither trial provided cost data. Kwon 2007 reported a signifi-
cantly longer mean operating time for the anterior group (134
versus 103 minutes; reported P value = 0.0002) but warned that
as these times include patient positioning and setup, they “may
not accurately reflect skin-to-skin time”. No participant required
blood transfusion in Kwon 2007, who reported that mean blood
loss was minimal. Actual length of stay data were not provided by
Kwon 2007. Instead, Kwon 2007 reported a proxy, which was the
time required for participants to meet the criteria for discharge
from the hospital after surgery. Individual participant data and
notes on complications (not swallowing/speech difficulties) from
Kwon 2007 are presented in Table 2. In the 20 participants in the
anterior group, the median time to achieve discharge criteria was
2.75 days; in the 22 participants in the posterior group, the time
was 3.5 days (reported p value = 0.096, Mann-Whitney U-test).

DISCUSSION

Summary of main results

We included two RCTs in this review, involving a total of 94 par-
ticipants but reporting on a maximum of 84 participants. Follow-
up was approximately one year. Both studies compared anterior
and posterior surgical approaches for the stabilisation of a cervical
spine facet dislocation. The trials included different and heteroge-
neous populations: Brodke 2003 included only people with spinal
cord injury whereas Kwon 2007 excluded people with spinal cord
injury (Kwon 2007). We were able to pool data for one outcome
only: non-union. We judged the quality of the evidence to be very
low for all outcomes.

There were no significant differences between groups regarding
final post-surgical neurological status in either trial. Brodke 2003
used non-validated outcome measure instruments, whereas Kwon
2007 used one validated score. Even though participants with
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SClIs were excluded in Kwon 2007, the study included 10 partic-
ipants with single-level radiculopathy associated with partial mo-
tor deficit who fully recovered at follow-up. Considering that re-
duction was performed during surgery, prior to stabilisation, these
participants were at risk of spinal cord or nerve root injury that
could lead to neurological deterioration. However, none occurred,
as was demonstrated by the lack of neurological deterioration at
one year of follow-up.

In Kwon 2007, only 33 participants completed functional aspects
and quality of life questionnaires at final follow-up, and again there
wete no between-group differences between the anterior and pos-
terior groups. No differences regarding long-term pain and num-
ber of days to achieve specific discharge criteria were found in this
study. Pain was evaluated on the first and second postoperative
days, and results demonstrated a borderline statistical significance
favouring the anterior approach only on day two. Lower postop-
erative pain with the anterior approach than with the posterior
approach is plausible since the stripping of the superficial and deep
muscles, necessary for exposure of the spine in the posterior ap-
proach, is likely to increase pain at the access site after surgery.
Although heterogeneous in nature, pooled data from the two stud-
ies showed no significant differences related to non-fusion (two
participants in each group) between the anterior and posterior
approaches. Brodke 2003 reported no differences in changes in
alignment between the two approaches. Conversely, Kwon 2007
found better sagittal alignment after one year of follow-up in the
group treated using the anterior approach.

There was insufficient evidence from the two studies to indicate
between-group differences in medical adverse events, rates of in-
strumentation failure and infection. In Kwon 2007, there were
minor complications related to the surgical access in the anterior
approach group amounting to voice and swallowing disorders in
11 participants; however, all had recovered by three months.

Overall completeness and applicability of
evidence

Outcome data were available for a maximum of 84 participants
with cervical spine facet dislocations. Moreover, the populations of
the two trials differed in clinically important ways, the main differ-
ences being that Brodke 2003 allowed the inclusion of participants
with SCIs and a variety of skeletal injuries (including those with
burst fractures) as well as facet dislocations, whereas Kwon 2007
included only participants with unilateral facet fractures or dis-
locations but without SClIs. (Ideally, trials comparing approaches
for the surgical management of facet dislocations should analyse
outcomes for homogeneous populations that can be divided into
different subgroups: unilateral and bilateral dislocations, and total
and partial neurological deficits.)

The measurement of outcomes differed in the two trials. Final
post-surgical neurological status was evaluated through ad-hoc
conversion of Frankel scores into a non-validated numerical scale

in Brodke 2003. In contrast, Kwon 2007 assessed neurological
function using the validated NASS neurologic score.

Notably, various types of instrumentation with different biome-
chanical qualities were used in the posterior group in Kwon 2007.
In current practice, lateral mass and pedicular screws have gener-
ally replaced interspinous and oblique wiring techniques for pos-
terior fixation of the cervical spine; a small number of articles have

been published reporting such fixation methods in recent years.

Quality of the evidence

We downgraded the evidence for all outcomes two levels due to
major limitations in study design and implementation. This re-
flects our finding that both studies were at very high risk of bias,
including risk of performance bias from lack of blinding. Addi-
tionally, we considered Brodke 2003 to be at high risk from: selec-
tion bias, because it used an inappropriate method of random se-
quence generation that in turn precluded allocation concealment;
detection bias from lack of blinding of outcome assessments; and
other bias, in particular between-group imbalances in fracture type
and extent of cord injury. We judged Kwon 2007 to be at high
risk of attrition bias and at unclear risk of selection and detection
biases.

We further downgraded the evidence for imprecision, given that
both trials had small sample sizes. Thus, overall, we judged the
evidence to be of very low quality, which means that we are very
uncertain about the estimate.

Potential biases in the review process

In this systematic review we tried to follow the pre-established
criteria and methods included in the published protocol (Del
Curto 2009). However, findings in one included study led us to
change our primary outcome, as surgery took place several days
after reduction (Brodke 2003). Hence, the immediate change in
neurological status would be the result of anatomical changes in
the spinal canal caused by reduction rather than stabilisation.
We developed a search strategy designed to capture the largest
possible number of relevant studies and performed the search in
May 2014. We also searched the reference lists of relevant arti-
cles, conference proceedings and ongoing clinical trials. Despite
efforts to make our strategy more sensitive, the possibility that we
have missed potentially eligible studies should not be ruled out.
We were unsuccessful in our attempts to obtain further data and
information from the authors of both studies.

Agreements and disagreements with other
studies or reviews

In a narrative review that drew on evidence from experimental
biomechanical studies in cadavers and retrospective studies as well
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as RCTs, Dvorak 2007 proposed an algorithm to guide the choice
of surgical approach for subaxial cervical spine injuries, which
included those covered in our review. Dvorak 2007 considered
that anterior and posterior approaches to fixation were both viable
treatment options for the majority of unilateral or bilateral facet
fracture dislocations and pointed out, as we have, the advantages
and disadvantages of the two approaches. While noting the dif-
ficulties with swallowing and voice disorders associated with the
anterior approach, Dvorak 2007 observed that the long-term clin-
ical significance of segmental kyphosis found more often with the

posterior approach “remains to be seen”.

AUTHORS’ CONCLUSIONS

Implications for practice

The very limited and poor quality evidence available on this topic
comes from two trials that compared anterior with posterior ap-
proaches for the surgical treatment of adults with acute cervi-
cal spine facet dislocations. The very low quality evidence avail-
able is indicative of little difference in long-term neurological sta-
tus, pain or patient-reported quality of life between the two ap-
proaches. There was insufficient evidence available to indicate be-
tween-group differences in medical adverse events, rates of instru-
mentation failure and infection. Although one trial reported com-
plications relating to voice and swallowing associated with the an-
terior approach, these resolved and there was no long-term im-
pairment. The same trial found better alignment (more in keep-
ing with normal curvature) of the cervical spine in the anterior
group; however, the long-term clinical consequences of the poorer
alignment obtained in the posterior group is uncertain. Addition-
ally, the second trial did not report superior radiological results for
either approach. Given the insufficiency of the available evidence
to inform practice, decisions on the best approach for individual
patients should be based primarily on other factors such as the

surgeon’s experience and patient preference.

Implications for research

Given that changes in neurological status represent the key out-
come for subaxial cervical spine facet dislocations, and that differ-
ences between surgical approaches might appear with the study of
larger populations, there is a need for high-quality multicentre ran-
domised controlled trials to determine the safest and most effec-
tive method of reduction and surgical approach for such injuries.
It is crucial that such trials also collect patient-reported quality of

life and adverse event data.

We suggest that the priority comparisons are anterior versus pos-
terior approaches for reduction and fixation in individuals with
no or varying degrees of spinal cord injury, as well as closed reduc-
tion and open fixation versus open reduction and fixation in those
with spinal cord injury. Given the inevitable heterogeneity in the
trial population, stratification by key patient characteristics, such
as bilateral versus unilateral facet dislocation and no versus par-
tial versus total initial neurological deficit will facilitate subgroup
analyses and better inform practice.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies /[ordered by study ID]

Brodke 2003

Methods

Method of randomisation: based on the day of admission
Assessor blinding: unclear, but probably not
Loss to follow-up or excluded from analysis:
e Anterior group: 2/22 (2 died)
e DPosterior group: 3/30 (3 did not complete 6 months of follow-up)

Participants

Country: USA
Period of study recruitment: 01/01/1991 to 31/12/1993
Total number: 52 participants
e Inclusion criteria
o Unstable cervical injuries between C3 and C7
o Complete or incomplete spinal cord injuries
o Minimum six months of follow-up (post-randomisation exclusion)
o Exclusion criteria
o Patients requiring a specific approach for reduction or decompression
o Patients with radiculopathies only or neurologically intact
Age (of 47 followed up)
o Anterior group: 38 years
e Posterior group: 33 years
Gender
e Male: 37

o Female: 10

Interventions

Immediate reduction in the Emergency Department. Surgical stabilisation a few days
later

1. Anterior procedure: discectomy or corpectomy + autologous tricortical iliac crest graft
harvested for fusion + fixation with an anterior cervical locking plate

2. Posterior procedure: posterior fusion with iliac crest cancellous autograft + fixation
with lateral mass screws and plates

Postoperative care: Minerva braces or Miami J collars for 8 to 10 weeks. Mobilisation
as soon as tolerated and transferred for spinal cord rehabilitation as the patient’s other
medical conditions allowed

Outcomes

Length of follow-up: minimum six months (anterior: mean 17 months; posterior: mean
14 months)

Neurological outcomes: ASIA (American Spinal Injury Association) motor score and
Frankel score

Radiographical outcomes: fusion and sagittal alignment

Clinical outcomes: postoperative pain

Complications

Notes

The authors of the study did not respond to our questions about missing information
on trial methodology

The population of the study included the following types of injuries:
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Brodke 2003  (Continued)

e burst fracture (anterior versus posterior): 4 versus 3
e pure facet dislocations: 6 versus 18
e burst fracture plus facet dislocation: 8 versus 4
e flexion-compression injury plus facet dislocation: 1 versus 2
e cxtension/distraction injury: 1 versus 0
Risk of bias Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection High risk Randomisation was based on the day of ad-
bias) mission
Allocation concealment (selection bias) High risk Since the allocation sequence was deemed
inadequate, it could not be properly con-
cealed
Blinding of participants and personnel High risk Blinding is not feasible for participants nor

(performance bias)
All outcomes

treatment providers in this sort of trial

Blinding of outcome assessment (detection
bias)

All outcomes

Unclear risk

Blinding of outcome assessors was not
mentioned. There was reference to inde-

pendent review by the lead author

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk

All participants lost to follow-up or ex-
cluded were reported. However, their data
were not presented

Five participants were not included for final
pain analysis:

e anterior group: 2 participants - died
of other injuries in the early postoperative
period (9%)

e posterior group: 3 participants - did
not complete six months of follow-up
(10%)

Selective reporting (reporting bias)

Unclear risk

All the outcomes described in the meth-
ods section were presented in the results.
However, the scoring system for neurolog-
ical status was not specified, not fully re-
ported and is inappropriate (it was not used

in this review)

Other bias

High risk

o There was imbalance between the
two groups in the type of fracture and
extent of cord injury (Frankel level)

e There was a three month between-
group difference in the mean time to
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Brodke 2003  (Continued)

follow-up, and the minimum follow-up
time of six months did not allow
evaluation of long-term clinical and
radiographical outcomes

e Difference in timing of surgery. The
anterior group was operated on an average
10 days from injury; the posterior group
an average five days from injury

Kwon 2007
Methods Method of randomisation: block randomisation (no other information)
Assessor blinding: no blinding but independent assessment of clinical and radiological
outcome measures
Loss to follow-up:
e patient-reported outcomes: 9 were lost to follow-up or refused to send in their
self-reported “outcome packages”
o radiographical outcomes: 5 lost to follow-up
Participants Country: Canada, at the Vancouver General Hospital, Vancouver, British Columbia
Period of study recruitment: between 1998 and 2003
Total number: 42 participants
e Inclusion criteria
o Unilateral facet fracture, dislocation, or fracture dislocation between C3 and
T1, with subluxation of < 25% of anteroposterior diameter of caudal vertebral body
o Injury amenable to either anterior or posterior approach
o Age > 17 years
e Exclusion criteria
o Associated spinal cord injury
o Associated injury that would affect postoperative mobilisation
o Associated compression fracture of subjacent vertebral body > 10% of
anterior height
o Narcotic or opioid allergy or addiction
o Inability to understand use of self-controlled analgesia device
o Pre-existing conditions that would affect postoperative mobilisation
o Documented disc herniation on magnetic resonance imaging
Age
e Anterior group: 35.5 + 3.6 years
e Posterior group: 33.0 + 3.1 years
Gender
e Male: 31
e Female: 11
Interventions Reduction was performed during the surgical procedure
1. Anterior procedure: anterior cervical discectomy + tricortical iliac crest autograft +
plate fixation
2. Posterior procedure: lateral mass screw-plate fixation and/or interspinous and/or
oblique wiring
Postoperative care: self-controlled analgesia device provided to the participants; all mo-
Surgical approaches for cervical spine facet dislocations in adults (Review) 23
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Kwon 2007  (Continued)

bilised with cervical orthoses (Guildford, Inc.) and were trained by occupational thera-
pists in brace application. Standard physiotherapy regimen. Outpatient physiotherapy
was not routine

Outcomes Length of follow-up: 12 months

Pain: 1st and 2nd postoperative days
Clinical and radiographical outcomes: 6 weeks and 3, 6 and 12 months postoperatively
Primary outcome

e Duration of postoperative time required to achieve a standard set of discharge
criteria
Secondary outcomes

e Neck pain: 1st and 2nd postoperative days (visual analogue score)

e Function and activities of daily living: 36-item Short-Form Survey and North
American Spine Society cervical spine questionnaire questionnaires

e Radiographical outcomes: fusion and sagittal alignment

e Complications

Notes The study population included the following types of unilateral facet injuries:
e fracture subluxations: 34, of which there were 9 isolated inferior facet fractures,
15 isolated superior facet fractures and 10 other fracture subluxations
o DPurely ligamentous injuries without fracture: 8, of which facet was completely
dislocated in 2, perched in 2 and subluxed in 4
Ten participants had single nerve root injury: 6 (anterior) versus 4 (posterior)

Risk of bias Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Unclear risk No details: “The patients were randomised
bias) according to a block randomisation proce-
dure”
Allocation concealment (selection bias) Unclear risk No details provided
Blinding of participants and personnel High risk No blinding for participants or treatment
(performance bias) providers

All outcomes

Blinding of outcome assessment (detection Unclear risk No blinding. “Independent research assis-

bias) tants not involved in the patients’ clinical

All outcomes care administered all clinical outcome mea-
sures”

Incomplete outcome data (attrition bias) ~ High risk All participants lost to follow-up or ex-

All outcomes cluded were reported. However, their data

were not presented

For patient-reported outcomes:
e anterior group: 6 participants (30%)
e posterior group: 3 participants
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Kwon 2007  (Continued)

(14%)

For radiographic outcomes:
e anterior group: 2 participants (10%)
e posterior group: 3 participants

(14%)

Selective reporting (reporting bias) Low risk All the outcomes described in the methods
section were presented in the results
Other bias Unclear risk Different types of instrumentation were

used in both groups, especially in the pos-
terior fixation group, in which lateral mass
screws with plates and/or interspinous and/
or oblique wiring were deployed

Characteristics of excluded studies /ordered by study ID]

Study Reason for exclusion

Kandziora 2005 Not a randomised study
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DATA AND ANALYSES

Comparison 1. Anterior versus posterior approach for cervical facet dislocations

No. of No. of
Outcome or subgroup title studies participants Statistical method Effect size
1 Final post-surgical neurological 1 Mean Difference (IV, Fixed, 95% CI) Totals not selected
status
1.1 Neurological scores - 1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]
NASS (0 to 100: best outcome)
2 Functional aspects and quality of 1 Mean Difference (IV, Fixed, 95% CI) Totals not selected
life - SF-36
2.1 Physical scores (0 to 100: 1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]
best outcome)
2.2 Mental scores (0 to 100: 1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]
best outcome)
3 Pain at final follow-up (6+ 1 Risk Ratio (M-H, Fixed, 95% CI) Totals not selected
months)
4 Pain postoperative 1 Mean Difference (IV, Fixed, 95% CI) Totals not selected
4.1 Pain day 1 1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]
4.2 Pain day 2 1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]
5 Pain scores - NASS (0 to 100: no 1 Mean Difference (IV, Fixed, 95% CI) Totals not selected
pain)
6 Non fusion at follow-up 2 84 Risk Ratio (M-H, Random, 95% CI) 1.18 [0.04, 34.91]
7 Sagittal alignment (degrees) 1 Mean Difference (IV, Fixed, 95% CI) Totals not selected
8 Complications 2 Risk Ratio (M-H, Fixed, 95% CI) Totals not selected
8.1 Instrumentation failure 1 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
8.2 Medical complications 2 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
8.3 Swallowing/voice 1 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
disorders
8.4 Infection 1 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
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Analysis 1.1. Comparison | Anterior versus posterior approach for cervical facet dislocations, Outcome |
Final post-surgical neurological status.

Review: Surgical approaches for cervical spine facet dislocations in adults

Comparison: | Anterior versus posterior approach for cervical facet dislocations

Outcome: | Final post-surgical neurological status

Mean Mean
Study or subgroup Anterior approach Posterior approach Difference Difference
N Mean(SD) N Mean(SD) IVFixed,95% Cl IVFixed,95% Cl
I Neurological scores - NASS (0 to 100: best outcome)
Kwon 2007 14 8523 (15.39) 19 83.86 (17.08) - 1.37[-9.76, 1250 ]
-20 -10 0 10 20

Favours posterior

Favours anterior

Analysis 1.2. Comparison | Anterior versus posterior approach for cervical facet dislocations, Outcome 2
Functional aspects and quality of life - SF-36.

Review: Surgical approaches for cervical spine facet dislocations in adults

Comparison: | Anterior versus posterior approach for cervical facet dislocations

Outcome: 2 Functional aspects and quality of life - SF-36

Mean Mean
Study or subgroup Anterior approach Posterior approach Difference Difference
N Mean(SD) N Mean(SD) IV,Fixed,95% Cl IV Fixed,95% ClI

| Physical scores (0 to 100: best outcome)
Kwon 2007 14 46.83 (11.49) 19 4691 (871) R -008 [-7.26,7.10]

2 Mental scores (0 to 100: best outcome)
Kwon 2007 14 5231 (8.1) 19 4943 (10.06) T 2.88[-332,9.08]

-20 -10 0 10 20

Favours posterior

Favours anterior
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Analysis 1.3. Comparison | Anterior versus posterior approach for cervical facet dislocations, Outcome 3

Pain at final follow-up (6+ months).

Review: Surgical approaches for cervical spine facet dislocations in adults

Comparison:

Outcome:

3 Pain at final follow-up (6+ months)

| Anterior versus posterior approach for cervical facet dislocations

Study or subgroup Anterior approach Posterior approach Risk Ratio Risk Ratio
n/N n/N M-H,Fixed,95% Cl M-HFixed,95% Cl
Brodke 2003 7120 7127 I 1.35[0.56,323]

001 0.1 |

Favours anterior

F.

10 100

avours posterior

Analysis 1.4. Comparison | Anterior versus posterior approach for cervical facet dislocations, Outcome 4

Pain postoperative.

Review: Surgical approaches for cervical spine facet dislocations in adults

Comparison:

Outcome: 4 Pain postoperative

| Anterior versus posterior approach for cervical facet dislocations

Mean Mean
Study or subgroup Anterior approach Posterior approach Difference Difference
N Mean(SD) N Mean(SD) IV,Fixed,95% Cl IV/Fixed,95% Cl

| Pain day |
Kwon 2007 20 259 (2.06) 22 3.56 (2.23) -7 -097[-227,033]

2 Pain day 2
Kwon 2007 20 2.1 (1.98) 22 298 (04) ] -0.88 [ -1.76,0.00 ]

4 2 0 2 4

Favours anterior

Favours posterior
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Analysis 1.5. Comparison | Anterior versus posterior approach for cervical facet dislocations, Outcome 5

Pain scores - NASS (0 to 100: no pain).

Review: Surgical approaches for cervical spine facet dislocations in adults
Comparison: | Anterior versus posterior approach for cervical facet dislocations

Outcome: 5 Pain scores - NASS (0 to 100: no pain)

Mean Mean

Study or subgroup Anterior approach Posterior approach Difference Difference
N Mean(SD) N Mean(SD) IV,Fixed,95% Cl IVFixed,95% Cl

Kwon 2007 14 85.81 (18.23) 19 81.67 (3.5) ] 4.14[-554,1382]

-20 -10 0 10

Favours posterior

20

Favours anterior

Analysis 1.6. Comparison | Anterior versus posterior approach for cervical facet dislocations, Outcome 6

Non fusion at follow-up.
Review: Surgical approaches for cervical spine facet dislocations in adults
Comparison: | Anterior versus posterior approach for cervical facet dislocations

Outcome: 6 Non fusion at follow-up

Study or subgroup Anterior approach Posterior approach Risk Ratio Weight Risk Ratio
M- M-

H,Random,95% H,Random,95%
n/N n/N cl cl
Brodke 2003 2/20 0/27 —— 499 % 667034, 13167 ]
Kwon 2007 0/18 2/19 —— 50.1 % 021001, 411]
Total (95% CI) 38 46 T ————— 100.0 % 1.18 [ 0.04, 34.91 ]

Total events: 2 (Anterior approach), 2 (Posterior approach)
Heterogeneity: Tau? = 3.66; Chi? = 259, df = | (P =0.11); 1> =61%
Test for overall effect: Z = 0.10 (P = 0.92)

Test for subgroup differences: Not applicable

0.005 0.1 | 10 200

Favours anterior Favours posterior
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Analysis 1.7. Comparison | Anterior versus posterior approach for cervical facet dislocations, Outcome 7
Sagittal alignment (degrees).

Review: Surgical approaches for cervical spine facet dislocations in adults

Comparison:

Outcome:

7 Sagittal alignment (degrees)

| Anterior versus posterior approach for cervical facet dislocations

Mean Mean

Study or subgroup Anterior approach Posterior approach Difference Difference

N Mean(SD) N Mean(SD) IV Fixed,95% ClI IV Fixed,95% ClI

Kwon 2007 17 -8.76 (5.96) 19 1.55 (8.17) - -10.31 [-14.95,-5.67 ]
-20 -10 0 10 20

Favours anterior

Favours posterior

Analysis 1.8. Comparison | Anterior versus posterior approach for cervical facet dislocations, Outcome 8
Complications.

Review: Surgical approaches for cervical spine facet dislocations in adults

Comparison:

Outcome:

8 Complications

| Anterior versus posterior approach for cervical facet dislocations

Study or subgroup Anterior approach Posterior approach Risk Ratio Risk Ratio
n/N n/N M-HFixed,95% ClI M-HFixed,95% ClI

I Instrumentation failure

Brodke 2003 1120 1127 1.35[0.09,2031 ]
2 Medical complications

Brodke 2003 (1) 2/20 2/27 - 1.35[021,878]

Kwon 2007 (2) 1120 0/22 - 3297[0.14,7633]
3 Swallowing/voice disorders

Kwon 2007 (3) 11720 0/22 I — 25.19 [ 1.58,401.58 ]
4 Infection

Kwon 2007 (4) 1120 4/22 T 028[003,226]

0.002 0.1 | 10 500

Favours anterior

Favours posterior
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(1) Pneumonia: | versus 2; acute respiratory distress syndrome: | versus O

(2) These were severe medical complications in an 86 years old male

(3) Patient reports at discharge; 10 resolved by 6 weeks and | by 3 months

(4) Anterior: graft site infection; posterior: 3 superficial and | deep neck wound infections

ADDITIONAL TABLES

Table 1. Glossary

Term Definition

Discectomy Excision (cutting out), in part or whole, of an intervertebral disc. The most common indication is disc
displacement or herniation (see "Hernia). In addition to standard surgical removal, it can be performed by
percutaneous discectomy or by laparoscopic discectomy, the former being the more common

Fracture A break in a bone

Fracture fixation

The use of usually metallic devices inserted into or through bone to hold a fracture in a set position and
alignment while it heals

Facet dislocation

Complete displacement that occurs between facets of the interior (located below) and superior (located

above) articular processes of adjacent vertebrae

Hernia Protrusion (pushing out) of tissue, structure or part of an organ through the muscular tissue or the membrane
by which it is normally contained
Reduction The restoration, by surgical or manipulative procedures, of a part to its normal anatomical relation

Surgical decompression A surgical operation for the relief of pressure in a body compartment or on a body part

Pseudarthrosis A pathological entity characterised by persistent non-union of bone fragments, leading to formation of a
false joint

Non-union Failure of healing at the ends of a fracture

Fusion Formation of an ankylosis by surgical means

Table 2. Number of days to achieve discharge criteria (Kwon 2007)

Anterior approach Posterior approach

Case Days Complications Case Days Complications

1 1 1 1.5
Surgical approaches for cervical spine facet dislocations in adults (Review) 31
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Table 2. Number of days to achieve discharge criteria (Kwon 2007)  (Continued)
2 1.5 2 1.5
3 1.5 3 2
4 1.5 4 2
5 1.5 5 2
6 1.5 6 2.5
7 2 7 2.5
8 2 8 2.5
9 2.5 9 3
10 2.5 10 3 Pseudarthrosis requiring revision
11 3 11 3.5
12 3 12 3.5
13 3 Infection at bone graft 13 4
site at 3 weeks
14 3.5 14 4
15 4 15 4
16 4 16 5
17 4 17 5
18 4.5 18 6 (non-union but not listed as a complication)
19 4.5 19 17 Wound infection, 2 weeks of oral antibiotics
20 24 Severe medical compli- 20 18 Wound infection, 2 weeks of oral antibiotics
cations postoperatively
21 28 Wound infection, 3 weeks of oral antibiotics
22 42 MSRA wound infection, 6 weeks of intra-

venous
antibiotics + surgical debridement

MSRA = methicillin-resistant Staphylococcus aureus
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APPENDICES

Appendix |. Search strategies

The Cochrane Library (Wiley Online Library)

#1 MeSH descriptor: [Spine] this term only (600)

#2 MeSH descriptor: [Spinal Injuries] this term only (87)

#3 #1 or #2 (678)

#4 MeSH descriptor: [Fractures, Bone] this term only (1188)

#5 MeSH descriptor: [Fracture Healing] this term only (401)

#6 MeSH descriptor: [Dislocations] this term only (222)

#7 MeSH descriptor: [Fracture Fixation] this term only (340)

#8 MeSH descriptor: [Bone Plates] this term only (360)

#9 (#4 or #5 or #6 or #7 or #8) (2174)

#10 #3 or #9 (2797)

#11 (spine or spinal or facet or vertebra® or zygapophyseal):ti (6716)
#12 (fractur® or injur* or dislocat* or osteosnythesis or osteosyntheses or fixation):ti (12933)
#13 #11 and #12 (1394)

#14 (#10 or #13) (4083)

#15 MeSH descriptor: [Cervical Vertebrae] this term only (740)
#16 (cervical):ti (4593)

#17 (#15 or #16) (4764)

#18 (#14 and #17) (169)

MEDLINE (Ovid Online)
1 *Spine/su or *Spinal Injuries/su (3235)

2 *Fractures, Bone/ or *Fracture Healing/ or *Dislocations/ or *Fracture Fixation, Internal/ or *Bone Plates/ (61637)

3 1and 2 (339)

4 (spine or spinal or facet or vertebra* or zygapophyseal).ti. (148703)
5 (fracture™ or injur* or dislocat™ or osteosynthesis or osteosyntheses or fixation*).ti. (344404)
64 and 5 (28455)

7 3 or 6 (28581)

8 *Cervical vertebra/ (18094)

9 cervical.mtitl. (75346)

10 8 or 9 (79888)

11 7 and 10 (4035)

12 Randomized controlled trial.pt. (372786)

13 Controlled clinical trial.pt. (88303)

14 randomized.ab. (292619)

15 placebo.ab. (153603)

16 Clinical Trials as Topic.sh. (169745)

17 randomly.ab. (211955)

8 trial.ti. (125876)

19 12 or 13 or 14 or 15 or 16 or 17 or 18 (900715)

20 exp Animals/ not Humans.sh. (3934711)

21 19 not 20 (831165)

22 11 and 21 (75)
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EMBASE (Ovid Online)

1 Spine/su or vertebra/su or Vertebra, Body/ or Spine injury/su or Spine Surgery/ (22805)

2 Fracture/su or Fracture Dislocation/su or Fracture Fixation/su or Fracture Healing/su or Dislocation/su or Joint Dislocattion/su or
Vertebra Dislocation/su (12197)

3 1and 2 (452)

4 (spine or spinal or facet or vertebra® or zygapophyseal).mtitl. (161974)

5 (fracture® or injur* or dislocat® or osteosynthes#s or fixation).m"titl. (379331)

64 and 5 (33105)

7 3 or 6 (33324)

8 Cervical Spine/su or Cervical Spine Injury/su or Cervical Spine Fracture/su or Cervical Spine Dislocation/su (3226)
9 cervical.ti. (85223)

10 8 or 9 (86266)

11 7 and 10 (4016)

12 exp Randomized Controlled trial/ (340479)

13 exp Double Blind Procedure/ (112848)

14 exp Single Blind Procedure/ (18159)

15 exp Crossover Procedure/ (38658)

16 Controlled Study/ (4300288)

17 or/12-16 (4374855)

18 ((clinical or controlled or comparative or placebo or prospective* or randomi#ed) adj3 (trial or study)).tw. (732540)
19 (random™* adj7 (allocat* or allot* or assign* or basis* or divid* or order*)).tw. (181019)

20 ((singl* or doubl* or trebl* or tripl*) adj7 (blind* or mask*)).tw. (157521)

21 (cross?over* or (cross adjl over*)).tw. (67921)

22 ((allocat® or allot® or assign* or divid*) adj3 (condition® or experiment® or intervention® or treatment* or therap* or control* or
group*)).tw. (235837)

23 or/18-22 (1096300)

24 or/17,23 (4932124)

25 limit 24 to human (2994582)

26 11 and 25 (578)

LILACS (Bireme)

Mh “Spinal Fractures” or (Mh “Spine” or Mh “Spinal Injuries”) and (Mh “Fractures, Bone” or Mh “Fracture Fixation” or Mh “Fracture
Fixation, Intramedullary” or Mh “Fracture Healing” or Mh “Osteosynthesis, Fracture” or Mh “Dislocations”)) OR (Tw spine or Tw
spinal or Tw facet or Tw vertebra$ or Tw zygapophyseal) AND (Tw fracture$ or Tw injur$ or Tw dislocat$ or Tw osteosynthesis or Tw
osteosyntheses or Tw fixation) [Words] and (Mh “Cervical Vertebrae” or Tw cervical) [Words] and ((Pt Randomized Controlled Trial
OR Pt Controlled Clinical Trial OR Mh Randomized Controlled Trials OR Mh Random Allocation OR Mh Double-Blind Method
OR Mh Single-Blind Method OR Pt Multicenter Study) OR ((tw ensaio or tw ensayo or tw trial) and (tw azar or tw acaso or tw placebo
or tw control$ or tw aleat$ or tw random$ or (tw duplo and tw cego) or (tw doble and tw ciego) or (tw double and tw blind)) and tw
clinic$)) AND NOT ((Ct Animals OR MH Animals OR Ct Rabbits OR Ct Mice OR Mh Rats OR Mh Primates OR Mh Dogs OR
Mh Rabbits OR Mh Swine) AND NOT (Ct Human AND Ct Animals)) [Words]

Total number of references: 5
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Appendix 2. Types of outcome measures listed in the protocol

Primary outcomes

e Immediate post-surgical neurological status (recovery or deterioration)

Secondary outcomes

e Dislocation reduction or realignment, or both
e Bone fusion
e Pain

o Functional aspects (e.g. number of patients who returned to former occupation) and health-related quality of life (e.g. 36-item

Short-Form Survey)

e Surgical complications with need for another major operation: pseudarthrosis, infection and implant failure or loss of fixation

e Blood loss
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

1. We clarified in the title that the review was aimed at adults with these injuries. We clarified in the Objectives and Types of participants

that the review was considering acute injuries.

2. We adjusted the Types of outcome measures (see Appendix 2 for those listed in the protocol) after a reappraisal prompted by an
assessment of the appropriateness of the outcomes reported by the included studies and feedback at editorial review.

3. In some medical institutions the general approach to cervical facet dislocations associated with SCIs is to perform closed reduction
followed by surgical stabilisation after some days, as seen in Brodke 2003. In this way, we considered that immediate neurological
improvement or worsening might be affected more directly by reduction than by the surgical approach itself. So we decided to change
our primary outcome from immediate post-surgical neurological status to final post-surgical neurological status.

4. We did not assess the risk of bias associated with a) blinding and b) completeness of outcomes separately for patient-reported and
objective outcomes as planned, but considered risk of bias for these two domains for all outcomes together.

INDEX TERMS

Medical Subject Headings (MeSH)

Cervical Vertebrae [*injuries]; Joint Dislocations [*surgery]; Neck Pain [diagnosis]; Orthopedic Procedures [methods]; Pain, Postop-
erative [diagnosis]; Quality of Life; Randomized Controlled Trials as Topic; Recovery of Function; Zygapophyseal Joint [*injuries]

MeSH check words
Adult; Female; Humans; Male
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