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ABSTRACT
Background: Cervical facet dislocations are among the most common traumatic spinal injuries. The management of 

this type of lesions is still controversial. The objective of the present study was to analyze the results of subaxial cervical facet 
dislocations submitted to an isolated anterior cervical discectomy and fusion (ACDF) after attempted closed reduction with 
cranial traction and to identify risk factors for treatment failure.

Methods: All patients who were operated on in a tertiary trauma center during an 11- year period (2008–2018) for 
traumatic single- level cervical facet joint dislocation (AO C F4 injuries) were retrospectively reviewed. Age, use of cranial 
traction, dislocation characteristics, neurologic injury, surgical data, and follow- up records were reviewed. A minimum of 18 
months follow- up was required.

Results: A total of 70 patients with a mean age of 56 years (18–90) (72% men) were identified. The C6- C7 level was 
the most frequently affected (36/70 cases). Spinal cord injury (SCI) was present in 34% of the cases. Bilateral dislocations and 
rigid spines were risk factors for SCI. Cranial traction was performed in 59 cases with success in 52 cases (88%). There were 3 
failures after anterior fusion, which required revision surgery with a 360° fusion, all occurring at the C7- T1 level.

Conclusions: Cranial traction of the cervical spine is an effective and fast way to achieve closed reduction of cervical 
facet dislocations. After successful reduction, ACDF, as a single procedure, offers an excellent surgical option. All cases of 
failure occurred at the C7- T1 level, suggesting that a 360° fusion may be needed at this level.

Level of Evidence: 3.
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INTRODUCTION

Traumatic cervical spine fracture dislocation is one 
of the most devastating injuries involving the axial 
skeleton and is frequently associated with direct spinal 
cord or nerve root injury.1 Approximately two- thirds of 
cervical spine injuries affect the subaxial cervical spine 
with fractures occurring most often at C6 and C7 and 
dislocations at C5- C6 and C6- C7.2,3

Dislocation of cervical facets resulting from trau-
matic injury often leads to neurologic impairment due 
to narrowing of the spinal canal.4 While the primary 
mechanical injury damages ligaments, blood vessels, 
and axonal connections, secondary injury due to con-
tinued compression with ischemia and the production 
of free radicals leading to apoptosis plays a significant 
role in the long- term recovery of the patient.5,6 Early 

reduction of cervical spine injuries is shown to improve 
the likelihood of neurologic recovery at or below the 
level of injury by reducing the effect of secondary 
injury.4,6,7

Cranial traction of the cervical spine seems to be 
an effective and fast way to achieve closed reduction 
of many cervical facet dislocations, especially in low 
impact injuries.6,8 This less invasive technique allows 
for the decompression of the spinal cord compression 
due to the dislocation and realignment of the spine to 
an anatomic position.9,10 However, some controversy 
still exists in the decision to perform a closed reduc-
tion compared with open surgical reduction.10 Lee et 
al10 postulated that the 2 factors influencing this deci-
sion are the safety of the patient and feasibility of per-
forming a closed reduction. It requires close neurologic 
monitoring, imaging to monitor progress, and patience, 
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because closed reductions are not always feasible for 
various reasons.9,10 While it is supported that closed 
reduction in awake patients suffering from acute spinal 
injuries is safe, the current literature is still not clear if 
this approach is effective in different types of fractures 
and neurologic status.4,11

The operative management of these injuries is also 
controversial. There are reports describing success with 
anterior,12–14 posterior,14–18 or combined approaches.19–21 
In the setting of cervical facet dislocation with a tandem 
disc herniation, increased surgeon agreement can be 
observed with regard to the utilization of the anterior 
approach. In one study by the Spine Trauma Study 
Group, 91% of survey spinal surgeons favored an ante-
rior approach or anterior- posterior approach for cases 
with an associated disc herniation.22

The advantages of the anterior approach for cervi-
cal facet dislocations are numerous. One of the main 
advantages is to limit the fusion to a single level; 
multiple- level fusions are performed during a pos-
terior approach. Also, this approach allows for the 
placement of a large structural graft with a greater 
surface area under compression, allows for the surgeon 
to remove an associated cervical disc herniation, and 
incorporates biomechanically the center of rotational 
instability in the sagittal plane within the graft. Addi-
tionally, the inherent risks of alignment change during 
the prone positioning and fixation, and the increased 
infection rates of the posterior approach are similarly 
avoided.23,24

Proponents of an initial posterior approach argue that 
a midline posterior exposure provides bilateral access to 
the facets for reduction and stabilization,22,25 including 
the ability to remove a portion of the superior articular 
pillar of the inferior vertebra to assist in relocating the 
spine. In up to 25%–40% of cases, anterior intraoper-
ative reduction forces provided chiefly by interverte-
bral distraction are insufficient to reduce unilateral or 
bilateral facet dislocations.13,20 Alternatively, posterior 
cervical approaches allow for the direct visualization 
of facet dislocations and decompression of the central 
canal and neural foramen.24,26

The primary aim of the present study was to evalu-
ate the efficacy of awake closed reduction in the initial 
management of cervical facet dislocations (specifically 
the AO- type C F4 injuries)27 and to analyze the results 
of anterior- only surgical management for subaxial 
cervical facet dislocations. The secondary aim was to 
analyze the risk factors for treatment failure and reasons 
for reoperation.

METHODS

After institutional review board approval, a retrospec-
tive review of a prospective, locally maintained database 
was conducted using medical records from January 2008 
to the end of 2018, including all patients aged 18 or older 
with single- level subaxial cervical facet dislocations (AO 
spine classification C F4).27

Plain radiographs and cervical computed tomography 
(CT) including 3- dimensional reconstruction were per-
formed in all patients. The imaging of each patient was 
individually reviewed and the injury characteristics were 
evaluated (unilateral or bilateral facet dislocations, level of 
injury, and presence of associated facet fracture or end- 
plate fracture).

Preoperative magnetic resonance imaging (MRI) was 
not routinely performed due to the risk of delayed reduc-
tion and surgery with consequent possible aggravation of 
the neurological function and due to the lack of clinical 
evidence of the necessity for this exam in all cases (as is 
better described in the Discussion).

Our tertiary hospital has a 24- hour on- call spine surgeon 
to respond to urgent spine fractures and all attempts are 
made to treat the patient as quickly as possible when not 
limited by other concomitant injuries, independently of 
the presence or absence of spinal cord injury (SCI). In 
this study, 97% of patients were operated on within the 
first 12 hours after injury. The other 3% (2 cases) had 
other severe concomitant injuries and were too unstable 
to proceed with the early treatment. They were treated 69 
and 75 hours later, respectively.

Demographic variables, mechanism of trauma, initial 
Glasgow Coma Scale, presence of SCI (determined by 
the American Spinal Injury Association Impairment Scale 
[ASIA]), radiculopathy, surgical data, and follow- up 
records including all the imaging studies were reviewed.

Patients were assessed for the occurrence of a second 
posterior operation after a planned stand- alone anterior- 
only fusion. However, patients who required a supple-
mentary posterior fusion were analyzed for the reasons of 
failure and rationale for posterior supplementation. Facet 
fractures, unilateral or bilateral facet dislocations, end 
plate fractures, and level of the injury were studied as pos-
sible risk factors for anterior- only fusion failure.

All patients with pathologic factures, previous cervi-
cal fixation, and those with less than 2 years’ follow- up 
were excluded.

Reduction and Surgical Technique

The technique used for closed reduction was cranial 
traction with Gardner- Wells tongs. This was only 
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performed in awake patients in order to closely monitor 
them clinically. After the imaging study was finished, 
the patient with cervical facet dislocation was trans-
ferred to the operating room where appropriate analge-
sic medication was given by the anesthesiologist. With 
the patient awake, local anesthetic was administered to 
the cranial pin site and the pins were placed. The pin 
location was 1 cm above the pinna and 1 cm posterior 
to the line of the external auditory meatus and below 
the equator of the skull. This more posterior pin loca-
tion allows for a slight cervical flexion during traction, 
which aids in the dislodgment of the perched facets.

In the first 21 cases, reported in this study, the initial 
traction weight was 2 kg and was increased progres-
sively to a maximum of 20 kg or until appropriate 
reduction. Whenever reduction was not possible with 
this approach, a posterior reduction was performed (as 
reported in the results section).

However, and because traction has been reported to be 
safe up to 65 kg,7,11 the technique used in the later cases 
was based solely on manual traction without weights 
(Figure 1). Immediately after pin placement, manual 
longitudinal traction was applied to the Gardner- Wells 
tongs. If this was ineffective, rotational maneuvers were 
added by performing gentle manual torsion with neck 
flexion and rotation toward the contralateral side of the 
dislocation, followed by rotation toward the side of the 
dislocation. The patient was kept awake throughout the 
whole process and his neurologic status was continu-
ously assessed by the surgical team. Any worsening of 
neurological status would prompt immediate reversal of 
the reduction maneuvers and the patient would undergo 
MRI.

To avoid overdistraction C- arm fluoroscopy was used 
throughout the reduction process. After appropriate 
reduction, the traction weight was reduced to maintain 
the alignment but avoiding overdistraction (generally 
around 3–4 kg).

In cases where good realignment by closed reduc-
tion was achieved, an anterior approach was used and 
anterior discectomy or corpectomy and fusion (ACDF 

or ACCF) with iliac crest autograft and plating was 
performed. The avoidance of oversizing the interver-
tebral graft was one important consideration to avoid 
inadvertently overdistracting a relatively unstable spine 
(Figure 2).

If the reduction was not successful after closed 
maneuvers, an open posterior reduction was performed 
followed by an ACDF.

Postoperatively, all patients were prescribed a rigid 
cervical collar for 8 weeks.

Statistical Analysis

The IBM Statistical Package for Social Sciences, 
version 23, was used for statistical analysis. Descriptive 
statistics were calculated and Kolmogorov- Smirnov test 
was used for assessing normal distribution. Depending 
on the variables analyzed, χ2, Fisher exact test, t test, 
and Mann- Whitney U test were used.

Bivariate and multivariate analyses were performed 
to access factors responsible for success of closed 
reduction, and also causes of ACDF failure and qual-
itative and quantitative variables relating to the patient.

All P values < 0.05 were considered statistically sig-
nificant. Variables included in the logistic regression 
model were based on clinical indication or P value < 
0.05 on univariate analysis. Odds ratios (ORs) and 95% 
confidence intervals (CIs) were calculated when appro-
priate.

RESULTS

A total of 70 patients, 51 men and 19 women, with 
mean age of 56 ± 18 years (18–90) were identified.

Motor vehicle accidents were the most common 
trauma mechanism followed by fall from height. Young 
adults were overrepresented among motor vehicle acci-
dents, whereas falls contributed to a majority of facet 
joint dislocations sustained by older adults. The mech-
anism of trauma didn’t impact the success of closed 

Figure 1. Closed reduction based solely on cranial manual traction without weights. (A) Neutral position; (B) flexion position; (C) neck flexion and rotation.
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reduction (P = 0.58) or was it a reason for ACDF failure 
(P = 0.67).

The C6- C7 level was the most frequently affected 
(35/70 cases). Forty- six patients had unilateral disloca-
tions and 24 had bilateral dislocations, with 48 of those 
cases (69%) having associated facet fractures. There 
were 4 cases of vertebral comminution and 9 cases of 
vertebral end plate fractures.

SCI was present in 36% of the cases (25/70); with 
13% cases (9/70) having a complete SCI (ASIA A) and 
radiculopathy was present in 16% of the cases (ASIA 
E) (Table).

Bilateral dislocations were associated with the pres-
ence of SCI (P = 0.004). Patients with bilateral dislo-
cation were 4.7 times more likely to have an SCI (OR: 
4.7; CI 95% = 1.6–13.8).

In this study, 3 patients had rigid/ankylosed spines 
(due to ankylosing spondylitis) and all of them had SCI. 
A subanalysis of these patients found that they were 
2.96 times more likely to have an SCI (OR: 2.96; CI 
95% = 2.11–4.15).

Cranial traction was attempted in 59 cases (84%) 
with success in 52 cases (88%). No worsening of the 
patient neurological status occurred during the reduc-
tion maneuver and, therefore, no postreduction MRI was 
performed. In patients achieving closed reduction, an 
anterior approach was performed. These 7 cases, where 
reduction was not successful, a posterior approach with 
effective open reduction was performed followed by 
ACDF. These 7 unsuccessful cases of closed reduc-
tion were all made with the older technique used at our 

institution, previously described. Of those 7 cases, 6 
were at C6- C7 and 1 at C7- D1. There were no cases of 
unsuccessful closed reduction using the manual traction 
and reduction maneuvers used more recently.

Cranial traction was not performed in 11 cases: in 
3 cases it was the option of the surgeon not to perform 
cranial traction—these were cases of unilateral facet 
dislocation associated with facet fracture, which cor-
rected with neck hyperextension so the decision was to 

Figure 2. Unilateral C3- C4 facet dislocation managed with closed reduction by cranial traction, followed by anterior cervical discectomy and fusion. (A) Sagittal 
sequence of the cervical CT showing left facet joint dislocation and fracture; (B) radiograph showing 50% anterior subluxation of C3 on C4; (C) radiograph showing 
the closed reduction with cranial traction; (D) radiograph taken 2 y after the surgery demonstrating a good cervical alignment and a complete incorporation of the 
allograft with the C3 and C4 vertebral bodies.

Table. Patients’ characteristics (N = 70).

Parameter Finding

Age, y, mean ± SD (range) 56 ± 18 (18–90)
Gender, male, n (%) 51 (73%)
Bilateral facet dislocation, n 24
Unilateral facet dislocation, n 46
Facet fractures, n (%) 48 (69%)
Vertebral body fractures, n (%) 13 (19%)
Rigid spines, n 3
Closed reduction attempted, n 59 (70%)
Closed reduction success % (n/N) 88% (52/59)
Follow- up, y, mean (range) 6.97 (1.5–12.5)
Failures needing revision, n (%) 3 (4%)
Level
  C3- C4 3
  C4- C5 4
  C5- C6 22
  C6- C7 35
  C7- T1 6
ASIA
  A 9
  B 2
  C 5
  D 9
  E 45
Radiculopathy (in ASIA type E), n (%) 11 (45)

Abbreviation: ASIA, American Spinal Injury Association Impairment Scale.
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perform immediately ACDF without the need of cranial 
traction; 8 patients had a severe head injury or were 
unconscious, which made cranial traction impossible. 
The preferred approach in all of those 8 cases was ante-
rior: in 6 cases the reduction was possible with open 
reduction maneuvers (convergent caspar pin placement 
and distraction) and then an ACDF/ACCF was per-
formed; however, in 2 cases the anterior open reduction 
maneuvers were ineffective and, therefore, a posterior 
approach was used to reduce the perched facets, after 
which the ACDF was performed.

The rate of successful closed reduction did not differ 
between patients with complete, incomplete, and no 
neurological injury (P = 0.56) and there were no cases 
of neurological worsening with closed reduction. The 
success of closed reduction was neither affected by the 
presence of unilateral or bilateral facet dislocations (P 
= 0.14) nor by the presence of associated fractures (P 
= 0.27).

Of the 52 cases with a successful closed reduction, 
48 cases were submitted to an ACDF alone and 4 cases 
were submitted to ACCF with iliac crest autograft. The 
later was performed due to associated vertebral body 
comminution.

From the total of 70 cases, 3 cases (4%) failed after 
anterior fusion, which required revision surgery with a 
360° fusion. All of these failures occurred after an iso-
lated anterior fusion in the C7- T1 transition, with recur-
rent dislocation, neurological worsening, and screw 
pullout (Figure 3). The 3 cases of failure corresponded 
to 50% of all C7- T1 dislocations. And so, injury at 
this level was found to be a significant risk factor (P < 
0.001).

Facet fractures and bilateral dislocations were not 
shown to be a risk factor for treatment failure. Of the 

48 cases of facet fractures, failure only occurred in 3 
cases and it was at the C7- T1 transition. Despite all of 
the cases of failure having facet fractures there was not 
a statistical difference from the ones that didn’t fail (P = 
0.163). Bilateral dislocations were also not found to be 
at our study a risk factor for ACDF failure (P = 0.432). 
End plate fracture was present at 1 of the 3 cases of 
ACDF failure, but was also not found to be a significant 
risk factor at our study (P = 0.071).

DISCUSSION

Traumatic cervical spine fracture dislocation is one 
of the most devastating injuries involving the axial skel-
eton. Several approaches to reduction and stabilization 
have been proposed with all demonstrating advantages 
and disadvantages. The objective of this paper was to 
evaluate the efficacy of wide- awake closed reduction 
in the initial management of cervical facet dislocations 
and to analyze the results of anterior- only surgical man-
agement for subaxial cervical facet dislocations. The 
secondary aim was to analyze the risk factors for treat-
ment failure and reasons for reoperation.

Despite the obvious biomechanical advantage of 
combined anterior- posterior approach, some authors 
advocate for an anterior approach alone as an effec-
tive treatment option for single- level cervical fracture 
dislocations.12,28 Advocates of this approach argue a 
shorter operative time, less blood loss, and the advan-
tage of performing a discectomy with a direct spinal 
cord decompression view. Furthermore, this approach 
obviates the need to place patients in the prone position 
with unstable spinal injuries.12,13,25

In this study, cranial traction of the cervical spine 
was an effective, safe, and fast way to achieve closed 

Figure 3. Bilateral C7- D1 facet dislocation treatment failure and revision surgery. (A) Central sagittal sequence of the cervical CT showing 50% anterior subluxation 
of C7 on T1; (B) Lateral sagittal sequence of the cervical CT showing facet joint dislocation; (C) CT showing anterior cervical discectomy and fusion (ACDF) on the 
immediate postop; (D) CT showing failure of the treatment with screw pullout and a new subluxation of the vertebral bodies; (E) CT 3- dimensional reconstruction of 
the 360° fusion revision surgery with a new C7- T1 ACDF and C6- C7- T1- T2 posterior fixation.
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reduction of cervical facet dislocations, with an 88% 
success rate, which was higher than previously reported 
(41%–55%).11,29 Additionally, while others have 
reported lower success rates of closed reduction in cases 
of SCI and unilateral jumped facets,11 in this study, this 
was not found to influence the reduction success. Fur-
thermore, a higher percentage of patients eligible for 
cranial traction (84%) was found in comparison with 
other studies29 (63%), which preconize a prereduction 
MRI in every case.

As the MRI has become widely available, many 
authors have debated whether MRI is necessary to iden-
tify potential anterior impingements to the spinal cord 
(such as a herniated disc) prior to the reduction maneu-
ver. Moreover, although prereduction MRI can demon-
strate traumatic disc herniation and cord compression, 
the clinical significance of these findings is uncertain 
with only a few reports from the 90s suggesting neu-
rological deterioration resulting from disc herniation 
following a satisfactory closed craniocervical reduc-
tion.30,31 Several subsequent reports, including those 
by Vaccaro and colleagues32 have indicated that closed 
reduction in an awake and alert patient is safe without 
obtaining a prereduction MRI. Furthermore, some 
recent studies have indicated that even closed reduc-
tion in sedated patients may be safe in most cases.33 An 
interesting study from 2006 illustrated that a herniated 
disc may reconstitute itself into the disc space with dis-
traction and reduction, as illustrated by an MRI- aided 
reduction technique.34 Moreover, prereduction MRI 
requires movement of a patient with a potentially unsta-
ble cervical spinal fracture/dislocation injury to the 
MRI room. In addition, the use of prereduction MRI 
may delay the reduction of the spinal deformity and 
therefore is bound to delay decompression and realign-
ment of the spinal cord. For these reasons, preoperative 
MRI was not routinely performed in the study.

Postreduction MRI and prior to surgery were also not 
performed in the patients in the study. The rationale for 
this was due to the fact that reduction was performed 
with the patient awake and none of the cases had wors-
ening of the preoperative neurological status, there-
fore it was safe to proceed to surgery without an MRI. 
Additionally, since all these patients were submitted to 
an anterior discectomy and fusion, all remaining discs 
were removed intraoperatively.

There were 3 cases of instrumentation failure in the 
present study, all occurring at the C7- T1 level (which 
corresponded to 50% of all C7- T1 dislocations). There 
are several possible reasons for this higher failure rate at 
this level. First, the cervicothoracic junction is where the 

mobile lordotic cervical spine joins the rigid kyphotic 
thoracic spine, making this a more complex and poten-
tially unstable anatomic region with unique biome-
chanical properties.35 Second, and since the reduction 
is ascertained by intraoperative fluoroscopy, it is possi-
ble that the anatomical landmarks and visibility of this 
region are hindered by the shoulders, and therefore the 
reduction may not have been the most appropriate. For 
these reasons, at this level, a 360° fusion may be nec-
essary.

End plate fractures and facet fractures have been 
reported as possible risk factors for ACDF failure in some 
studies, however, with some inconsistent results.12,36 
Johnson et al36 followed a cohort of 87 patients, with 
only radiographs, after ACDF for flexion distraction 
injuries and found that 65% of their failures were 
associated with facet fractures and end plate fractures. 
However, Anissipour et al12 in a cohort with 36 patients 
corroborated that end plate fracture was a risk factor for 
treatment failure but did not find facet fractures to be 
a risk factor for treatment failure. In the present study, 
while all of cases of failure had facet fractures, their 
presence was not found to be a significant predictor of 
treatment failure (P = 0.163). In fact, of the 48 cases of 
facet fractures only 3 cases had a treatment failure and 
it was at C7- T1 transition. End plate fractures were also 
not found to be significant predictor of treatment failure 
in our study (P = 0.071), however, 1 of the 3 cases of 
treatment failure had an end plate fracture.

Bilateral facet dislocations with frank ligamentous 
disruption represent one area of heightened concern 
for cervical instability. However, despite this concern, 
bilateral facet dislocations were not associated with a 
significant risk of failure. This is in agreement with the 
findings by Razack et al37 and Theodotou et al29 where 
successful realignment, stabilization, and a solid fusion 
were possible using an anterior- only approach in cases 
with unilateral and bilateral facet fracture dislocations.

In agreement with other studies,11,38 in the present 
study, bilateral dislocations were associated with the 
presence of SCI (P = 0.004), and patients with bilateral 
dislocation were 4.7 times more likely to have a SCI 
(OR: 4.7; CI 95% = 1.6–13.8). Moreover, patients with 
rigid spines were 2.96 times more likely to have an SCI 
(OR: 2.96; CI 95% = 2.11–4.15).

To our knowledge, the present study is one of the 
largest studies to date analyzing closed reduction and 
anterior cervical reduction and fusion for the manage-
ment of these fractures.

This study has some limitations. First, data collec-
tion was performed retrospectively, which may have 
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introduced bias. However, data collection was per-
formed by independent researchers who were not 
involved in patient management and should not have 
influenced the data collection. A potential for selec-
tion bias could influence surgeon preference, particu-
larly in cases of highly unstable injuries or comminuted 
facet fractures, which may have led surgeons to opt for 
combined anterior- posterior fixation. Second, a larger 
cohort of patients would have given more information 
on the reasons for failure and would potentially have 
allowed performing a more statistically significant mul-
tivariate analysis, instead of a univariate analysis, which 
was ultimately not possible in this study.

CONCLUSION

Cranial traction of the cervical spine is an effective 
and fast way to achieve closed reduction of cervical 
facet dislocations, even in the absence of a prereduction 
MRI. After successful reduction, anterior discectomy 
and fusion, as a single procedure, offers an excellent 
surgical option in the management of cervical facet 
fracture dislocations with a low reoperation rate (4%). 
All cases of failure in this study occurred at the C7- T1 
level, suggesting that a 360° fusion may be needed at 
that level.
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