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Abstract: Surgical treatment is a generally accepted and widely used for lower cervical spine dislocation. However, 
there remains controversy and uncertainty over the best surgical approach. This study aimed to explore the clinical 
effect of anterior cervical surgery combined manipulative reduction on patients with lower cervical spine disloca-
tion who failed in closed reduction. Retrospective analysis was performed on the clinical data of patients with lower 
cervical spine fracture and dislocation, as well as small joint noose, who were surgically treated between December 
2013 and January 2015. The injured intervertebral disc segments were removed. Dislocated segments that could 
not be repositioned were subjected to manipulative reduction to facilitate the recovery of the zygapophysial joints 
and dislocated vertebral body in a normal physiological sequence. Segments that fail to reposition were subjected 
to surgery with posterior approach. Ten patients with failed closed reduction achieved complete reduction via an-
terior reduction and internal fixation with manipulative reduction. Six out of the 10 patients were improved by one 
American Spinal Injury Association (ASIA) grade, whereas the preoperative and postoperative ASIA scores in the 
other 4 patients remain the same. The average visual analog scale (VAS) scores were significantly reduced after 
surgery (P < 0.001). No aggravation of neurofunction and failure of internal fixation were observed in all patients. In 
conclusions, anterior cervical surgery with perioperative manipulative reduction can avoid unnecessary combined 
anterior-posterior surgery and is effective and safe approach for patients with lower cervical spine dislocation who 
failed in closed manipulative reduction or anterior distraction.
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Introduction

Low cervical vertebra (C3-7) injury is a severe 
traumatic cervical vertebra disease and fre-
quently encountered in clinical practice. This 
injury is often caused by traffic accidents and 
falls from high altitudes, leading to fractures 
and dislocations in the cervical spine, spinal 
cord injuries or nerve root injuries, and high dis-
ability rates [1]. The prognosis of low cervical 
vertebra injury is poor. Patients often have  
cervical deformity, and complete or incomplete 
paralysis, and thus have decreased quality of 
life, as well as economic burden because of 
expensive treatment [2, 3]. Furthermore, some 
patients die of respiratory complications [4].

It has been demonstrated that cervical spi- 
ne dislocation occurs in approximately 6.7% of 

patients with low cervical vertebra injury, mo- 
stly in the C5/6 and C6/7 segments [5]. Cur- 
rently, there is still no standard surgical man-
agement method for lower cervical spine dislo-
cation. Some researchers proposed anterior- 
posterior-anterior approach for patients with 
severe lower cervical spine dislocation [4, 6]. 
However, this approach is a high skill demand-
ing surgery, and need to change the patient’s 
position during the operation, thus prolonging 
the surgery and increasing the risk of massive 
hemorrhage. Accordingly, some physicians per-
form close manipulative reduction before the 
operation or after anesthesia administration  
to simplify the procedure [7, 8]. Approximately 
40% of patients with lower cervical spine dislo-
cation have intervertebral disk herniation [9]. 
Spinal cord injury can be aggravated by close-
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up manipulative reduction when cervical in- 
tervertebral disk herniation is present. In addi-
tion, the anterior approach has some advan-
tages such as low incidence of complication 
and simple surgical patient positioning, and 
herniated disc can be removed before the re- 
duction to prevent secondary spinal cord injury 
[8, 10]. The surgical procedure is greatly simpli-
fied when the dislocated cervical vertebra is 
restored only through anterior cervical surgery. 
On the basis of our own experiences, we have 
improved the reduction method and therapy 
procedure. Patients with lower cervical spine 
dislocation who were more difficult to achieve 
reduction were treated by removing the cervical 
intervertebral disk, and perioperative manipu-
lative reduction was performed. Ten patients 
with lower cervical spine dislocation who fail- 
ed in closed reduction were treated using the 
anterior approach in combination with periop-
erative manipulative reduction since December 
2013. A satisfactory clinical effect was achieved 
in all the cases.

Materials and methods

Patients

Ten patients with lower cervical spine disloca-
tion with unilateral or bilateral zygapophysial 
joint noose who failed in closed reduction were 
treated through anterior cervical surgery with 
perioperative manipulative reduction from De- 
cember 2013 to January 2015. The patients 
comprised 8 males and 2 females, with an 
average age of 44.7 years (23-60 years). Four 
cases were caused by falls from high altitudes, 
5 cases were caused by traffic accidents, and 
the cause of 1 case was unidentified. The pre-
operative anteroposterior and lateral X-ray films 
of the cervical vertebrae and three-dimension-
al reconstruction of computed tomography (CT) 
suggested the presence of lower cervical sp- 
ine dislocation with zygapophysial joint noose. 
Four patients had bilateral zygapophysial joint 
noose, and 6 patients had unilateral zygapo- 
physial joint noose. The magnetic resonance 
imaging (MRI) showed that patients had the dif-
ferent degrees of protrusions at the interverte-
bral discs of the dislocated segments, which 
put pressure on the spinal cord. Two patients 
had cervical dislocation at the C5/6 segments, 
and 5 patients had cervical dislocation at the 
C6/7 segment. Three patients had cervical dis-
locations at the C2/3, C3/4, and C4/5 seg-

ments, respectively. Subaxial injury classifica-
tion (SLIC) scoring was performed for all pati- 
ents prior to surgery. The SLIC score ranged 
from 6 to 9 points, indicating that patients  
must undergo surgical treatment [11]. At the 
same time, the neurological function and the 
extent of pain patients experienced were evalu-
ated using the ASIA and VAS scores, respec-
tively, before surgery. Two patients had preop-
erative ASIA grade A impairment, 4 had grade C 
impairment, 3 had grade D impairment, and 1 
had grade E impairment. In addition, patients 
had varying extents of neck or limb pain, and 
the average VAS score was 7.03 (4.3-8.7). After 
admission, patients were provided by persis-
tent skull traction with a weight of 1-3 kg to 
restrict the movement of neck and prevent  
the recurrence of spinal cord injury [4]. This 
study was approved by the Ethics Committee of 
Changzheng Hospital.

Surgical procedure

Before the operation, the heavy object for skull 
traction was removed, whereas the traction 
bow was retained. Patient lied down on the 
operating table at supine position, and his or 
her cervical vertebra was mildly hyperextend-
ed. Conventional managements such as tra-
cheal intubation, anesthesia, and muscle re- 
laxation, were then performed. The extent of 
cervical dislocation and the state of dislocat- 
ed segment were observed under fluoroscopy. 
Surgery was initiated under accurate monitor-
ing of the vital signs. Incision through conven-
tional anterior cervical surgery was performed 
to expose the dislocated segments, and the 
intervertebral space was opened using a verte-
bral screw and Caspar distractor for cervical 
discectomy. The Caspar distractor was removed 
after the intervertebral disc wan removed. Ver- 
tebral body was opened using a vertebral  
screw and deep distractor for reduction. How- 
ever, the reduction failed because the zyg-
apophysial noose was severe. Thus, manipula-
tive reduction was performed for the dislocated 
segments.

The reduction method was described as fol-
lows. The traction bow was held by one hand to 
tract the cervical vertebra to excessive flexion 
posture, and the dislocated segment was fixed 
by the other hand, which was placed at the 
back of the neck. Proper traction was then 
applied on the cervical vertebra along the axial 
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direction (the axial rotation toward the noose 
side was necessary when the unilateral zyg-
apophysial joint noose was present). The verte-
bral body under the dislocated segment was 
pushed forward toward the back of the neck. 
Mild hyperextension posture for cervical verte-
bra was returned after the noosed zygapophy-
sial joints and dislocated segments reverted to 
their normal sequences as observed under flu-
oroscopy using a C-arm X-ray machine. Fusion 
operation was performed conventionally after 
the cervical dislocation had been corrected 
through manipulative reduction, and the inter-
body fusion cage was placed while fixation was 
performed using titanium plates and screws. 
Interbody fusion surgery for single segment 
was performed on 8 patients. By contrast, in- 
terbody fusion surgery for two segments was 
performed in the other 2 patients because they 
have intervertebral disk herniation in other seg-
ments and anterior longitudinal ligament tear. 

The surgeries lasted no more than 3 hours for 
all 10 patients, who were performed by physi-
cians with extensive experiences on cervical 
vertebra surgery. Philadelphia neck care was 
used to stabilize the cervical vertebra of the 
patients after the operation.

Results

The clinical characteristics of 10 patients were 
listed in Table 1. The physiological sequence  
of the dislocated segment was successfully 
restored in all 10 patients with lower cervical 
spine dislocation that was more difficult to 
reduce. Therefore, patients avoided to be tre- 
ated with anterior-posterior-anterior approach 
surgery. After 1 year of follow-up, no obvious 
aggravation of neurological function and com-
plications resulted from surgery were observed 
in all patients. The neurological function im- 
proved in 3 patients from ASIA grade C to D, 4 

Table 1. Patient characteristics

Patients Sex Age Cause Level SLIC
ASIA VAS Dislocation 

type
Duration 

of OPPreoperation Postoperation Preoperation Postoperation
A M 60 Fall C2/3 9 C D 4.3 1.2 UFD 90
B M 23 MVA C6/7 8 A A 8.7 2.5 UFD 131
C M 39 MVA C5/6 8 D E 5.4 1.5 BFD 87
D M 30 MVA C3/4 9 D E 6.4 2.0 UFD 70
E M 36 MVA C6/7 9 C D 8.0 3.5 BFD 150
F F 43 Fall C6/7 9 C D 7.8 4.0 BFD 137
G M 56 Fall C4/5 8 C C 6.6 3.8 UFD 80
H M 51 UNK C5/6 6 D E 6.5 1.7 BFD 65
I M 55 Fall C6/7 8 A A 8.1 4.0 BFD 120
J F 54 MVA C6/7 9 D E 8.5 2.0 UFD 134
M, male; F, female; MVA, motor vehicle accident; UNK, unknown; UFD, unilateral facet dislocation; BFD, bilateral facet dislocation.

Figure 1. Imaging examination. A and B: CT scan showed a dislocation at C6/7 with left zygapophysial joint noose. 
C: MRI showed that fibrous ring of the C6/7 intervertebral disk ruptured and the vertebral pulp was pushed into the 
vertebral canal and put pressure on the spinal cord.
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patients from ASIA grade D to E, and 3 patients 
remained no changes which were grade A (2 
patients) and grade C (1 patient). Furthermore, 
pain of all 10 patients was significantly amelio-
rated compared with preoperative state. The 
average VAS score at the last follow up was 2.6, 
which was statistically lower than preoperative 
pain score (7.0, P < 0.001).

One patient (54 years old, female; patient J, 
Table 1) had experienced temporary uncon-
sciousness as a result of a traffic accident.  
Her limb muscle strength was deteriorated, 
and the muscle strength of her right upper limb 
was grade 3. She had experienced pain in her 
neck and right upper limb after she regained 
consciousness. Three-dimensional reconstruc-
tion of CT showed the dislocation of the C6/7 
segment and presence of zygapophysial joint 

physiological sequence of C6/7 was restored. 
No anterior longitudinal ligament tear and in- 
stability was found at the segments near the 
injury site during the perioperative period, and 
interbody fusion surgery for single segment 
was performed at C6/7. The surgery lasted 2 
hours and 14 minutes, with a hemorrhage vol-
ume of 195 ml. The patient wore a cervical col-
lar to protect the cervical vertebra after sur-
gery. The patient was observed for one week  
in the hospital without any complications and 
eventually discharged at stable condition. Pre- 
operative symptoms were found to be signifi-
cantly improved during the last follow-up (1 
year). The ASIA and VAS scores were grade E 
and 2, respectively. No relevant symptoms, 
such as instability of cervical vertebra, were 
observed.

Figure 2. Surgery. A: Heavy object for traction was removed, whereas the 
traction bow was retained. The patient was laid on the operation table at a 
supine position, while intubation and anesthesia was administered. B: Fluo-
roscopy after anesthesia was performed and C6/7 segments were found to 
be at the state of dislocation. C, D: Intervertebral disc was removed, while 
vertebral screw and deep distractor were used to perform reduction. How-
ever, the reduction of the C6/7 segments still failed. E: The reduction of 
C6/7 segments become successful, and the normal physiological sequence 
was recovered after manipulative reduction. F, G: Anterior interbody fusion 
operation was performed for the C6/7 segments.

noose on the left (Figure 1). 
The MRI image of the cervical 
vertebra indicated the rupture 
of the fibrous ring of the inter-
vertebral disk. The vertebral 
pulp was crushed and intru- 
ded into the vertebral canal 
and thus put pressure on the 
spinal cord. The SLIC, AVAS, 
and VAS scores were 9, gra- 
de D, and 8.5, respectively 
(Table 1). The patient under-
went skull traction to restrict 
her action in order to prevent 
secondary spinal cord injury 
after diagnosis (Figure 2). The 
heavy object for traction was 
removed and the traction bow 
was kept before her operati- 
on. Meanwhile, the C6/7 inter-
vertebral disc was firstly rem- 
oved after anesthesia admin-
istration and muscle relaxa- 
tion. We tried to use a verte-
bral screw and deep distract- 
or to open vertebral body for 
reduction, but the recovery of 
cervical vertebral sequence 
was unsuccessful because of 
severe noose of the zygapoph-
ysial joint. Manipulative re- 
duction was performed using 
traction bow, and fluoroscopy 
under C-arm X-ray fluoroscop-
ic machine showed that the 
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Discussion

Currently, no unified standard for surgical treat-
ment of cervical spine dislocation is availa- 
ble worldwide. The strategies primarily include 
anterior, posterior, and combined approaches 
[12, 13]. Previous studies have revealed that 
posterior approach has some advantages su- 
ch as high reduction rate and stable biome-
chanical features after fixation and thus is 
more earlier and widely used in clinical practice 
[14]. However, combined intervertebral disc 
injury occurs in 40% of the patients with ce- 
rvical spine dislocation [9, 15]. Thus, posterior 
approach may make nerve injury more severe 
and consequently lead to aggravation of neuro-
logical function. For anterior approach, protrud-
ed or injured intervertebral disc can be pre- 
ferentially managed, which can prevent nerve 
damage during reduction. However, traditional 
anterior approach only depends on distraction 
to perform reduction, and thus is difficult to 
restore successfully in cases with combined 
joint noose.

Close reduction is used to recover the sequence 
of injured cervical vertebra and simplify the 
course of operation. Close reduction primarily 
comprises traction and manipulative reduc-
tion, and its success rate is approximately 
50%-94% [7, 16]. The common causes of fail-
ure include difficulty tolerating pain and pres-
ence of joint fracture. Moreover, the aggrava-
tion of the nerve symptoms after close reduc- 
tion usually results from excessive traction, 
omission of injury at non-approaching sites, 
intervertebral disk hernia, epidural hematoma, 
and spinal cord edema [17]. Shen et al. [2]  
suggested that instant manipulative reduction 
under general anesthesia and cervical anteri-
or-posterior combined fusion surgery can av- 
oid difficulty tolerating pain resulting from 
manipulative reduction under conscious state, 
and was preferred treatment for lower cervical 
dislocation. However, it has demonstrated that 
complications, such as respiratory disturbance 
and aggravation of neurological functions, still 
occur in some patients even if reduction un- 
der general anesthesia and muscle relaxation 
are performed [18]. Therefore, a more rational 
treatment strategy, anterior-posterior-anterior 
approach, was proposed [6]. The approach was 
also initially proposed and applied in the Spine 
Surgery Department of Shanghai Changzheng 
Hospital. The issues of almost all cases of 

severe lower cervical spine dislocation can be 
resolved by this strategy. Even if it is difficult to 
achieve a completely anatomical reduction for 
obvious adhesion of peripheral tissue of old 
dislocation or fracture of articular process, the 
line of force and physiological curvature for cer-
vical vertebra can be restored via posterior 
approach surgery, which can extend the verte-
bral canal volume and facilitate decompression 
and correction of instability. Thus, the strategy 
is constantly used as the general procedure for 
the treatment of severe cervical spine disloca-
tion in our hospital. However, this method has 
obvious disadvantages, such as immense tech-
nological demand, long operation time, and 
massive hemorrhage volume. Moreover, poste-
rior approach can cause major damage to pos-
terior cervical muscle group, which can lead to 
postoperative cervical pain more easily.

Therefore, we introduce innovative periopera-
tive off-table manipulative reduction method 
for treating lower cervical spine dislocation. 
This method involves the manipulative reduc-
tion of the dislocated vertebral body under the 
assistance of a muscle relaxation drug. The 
manipulative reduction is performed after the 
removal of inferior intervertebral disc of dislo-
cated segment. Meanwhile, only the anterior 
fusion surgery is performed on the injured se- 
gment after the reduction is conducted. For 
patients with combined protrusion resulting 
from intervertebral disc injury, the potential 
secondary injury of spinal cord caused by close-
up reduction is prevented by the new surgical 
method. In addition, unnecessary posterior 
fusion and fixation operation is avoided, and 
perioperative body posture for patient is simpli-
fied. The risk of secondary spinal cord injury 
caused by changing the body posture during 
surgery is prevented, the time of operation is 
shortened, and the hemorrhage volume is 
reduced. The number of patients with lingering 
postoperative neck pain is decreased because 
posterior surgery is not performed. We retro-
spectively analyzed cases with lower cervical 
spine dislocation treated in recent years. A to- 
tal of 24 patients with lower cervical spine dis-
location were treated by surgery between De- 
cember 2013 and January 2015. Perioperative 
off-table manipulative reduction was used to 
achieve reduction in 10 cases where reduction 
cannot be achieved by preoperative traction, 
reduction under anesthesia or via simple ante-
rior distraction. Meanwhile, different degrees 
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of improvement for neurological function and 
pain were observed at the last follow-up after 
the surgery. In the selection of single- or multi-
segment anterior cervical fusion after reduc-
tion, the presentation of combined anterior  
longitudinal ligament injury is one of the con-
sulted indications apart from the presentation 
of intervertebral disk hernia in the adjacent dis-
located segments, which can result in neuro-
logical compression. When the anterior longitu-
dinal ligament among the adjacent segments is 
already injured and broken, these segments 
were fused and fixed to correct the instability 
resulting from ligament breakage [19]. Early 
reduction of cervical spine dislocation can help 
facilitate the recovery of motor function [20], 
our surgical strategy may conduce to achieve 
reduction in time for these patients who were 
difficult to achieve reduction and improve their 
outcomes.

In conclusion, we proposed the following strat-
egy for the treatment of lower cervical spine 
dislocation. After cervical spine dislocation is 
clearly diagnosed by imaging examination and 
neurological function is evaluated, skull trac-
tion with a weight of 1-3 kg is then performed  
to confine the movement of the cervical verte-
bra in order to prevent secondary spinal cord 
injury. For patients with incomplete paralysis, 
the anterior intervertebral disc is removed for 
decompression, and reduction via distraction is 
attempted. If the reduction is successful, ante-
rior fusion surgery is performed. If the reduc-
tion fails, off-table manipulative reduction is 
performed. Anterior fusion surgery is then per-
formed for patients achieving successfully re- 
duction, whereas posterior reduction and ante-
rior fusion surgery were performed for those 
failing to achieving reduction. For patients with 
complete paralysis, manipulative reduction un- 
der general anesthesia can be tried to per-
formed, and only anterior fusion surgery is per-
formed if reduction can be achieved.
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