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Abstract: Objective: To summarize neurological outcome and complications after skull distraction combination of 
anterior cervical surgery managed with corpectomy, titanium mesh cage reconstruction, and cervical locking plate. 
Methods: A total of 42 patients with lower cervical spine fracture and dislocation were included in this study be-
tween May 2009 and September 2014. The average follow-up time was 18.3 months (ranges 8-24 months). After 
diagnosed clearly at admission, all patients were used of skull traction. If closed reduction failed, anterior decom-
pression and corpectomy were performed. Titanium mesh cage filled with autograft removed from vertebral and 
locking plates were applied. The cervical reduction, stabilization, recovery of neurological function, and bone fusion 
were evaluated for the patients. Results: All patients were achieved reduction successfully and recovered the nor-
mal cervical alignment. There were no significant complications occurred during operation. Bone fusion occurred, 
while implant loosening, pseudarthrosis, and graft settling were not observed in six months follow-up. Dysphagia 
was noted in two patients and odynophagia in one patient. These two clinical symptoms disappeared without spe-
cial treatment after three months. No patient was found neurological worsening during preoperative skull traction.
There were 12 patients without ASIA level or upper extremity function improvement in 1 year follow-up. The post-
operative ASIA grades of the thirty patients were increased at least one level. Conclusions: For the lower cervical 
fracture and dislocation, preoperative skull traction acting as an initial treatment is safe and effective to restore 
dislocation to some extent and minimize neurological function deteriorating. If this failed, anterior surgical fixation 
of using titanium mesh cage and locking plate is a proper choice for short operation time, little hemorrhage volume, 
low complication rate, and high fusion rate.

Keywords: Lower cervical, fracture and dislocation, distraction, anterior decompression

Introduction

A few objective criteria regarding the treatment 
of lower cervical spine fracture and dislocation 
has been improved. Either an anterior approa- 
ch or posterior surgical stabilization, even the 
combined procedure, has beenwidely used dur-
ing the last decades. But which is the best 
method to obtain reduction and stabilization 
still remains controversial. As the advantages 
combined with posterior procedure have been 
confirmed, including lower morbidity and com-
plication rates, even the postoperative immedi-
ate stabilization is equal to the cervical pedic- 
le screw system, the use of simple anterior 
decompression and internal fixation for lower 
cervical vertebra dislocation has been widely 
recognized [1, 2].

However, the necessity of preoperative traction 
is what surgeons need to consider subsequent-

ly and based on our experience, anterior sur-
gery combined with skull traction is always 
attended with satisfactory results in the treat-
ment of lower cervical fracture and dislocation.

Materials and methods

A total of 42 patients (32 males and 10 females) 
with lower cervical spine fractureand disloca-
tion were treated by skull traction combined 
with anterior cervical reduction and internal fix-
ationmanaged with titanium mesh cage and 
cervical locking plate in our institution over a 
5-year period (May 2009-September 2014), 
were included in our study. The mean age was 
32.3 years ranging from 18 to 49 years. Twenty-
four cases were caused by traffic accidents, 
eleven cases by heavy pound injuries, and 
seven cases by high fall. In this study, there 
were 9 patients with C4/5 segment injury, 18 
patients with C5/6 segment injury, 15 patients 
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with C6/7 segment injury. Four patients had a 
concomitant closed head injury and twenty 
patients had associated fractures: rib (3), 
humerus (5), distal radius (12), and calcaneus 
(8). Patients previouslyundergone other cervi-
cal surgeriesor dislocations resulted from 
tumors or infections were excluded from the 
study. The average follow-up time was 18.3 
months (ranges 8-24 months). All patients 
underwent preoperative evaluation including 
MRI, CT scan and plain radiographs. The neuro-
logical status was recorded according to The 
American Spinal Cord Injury Association (ASIA) 
classification at the time of admission. Four 
cases were grade A, 14 grade B, 16 grade C, 7 
grade D, and 1 grade E (Table 1). All cases were 
performed by the same four surgeons, followed 
the treatment strictly.

Preoperative traction

After diagnosed clearlyat admission, all pati- 
ents were followed by skull traction starting 
from 3 kg with cervical spine maintainedin a 
neutral position and the neck extended (Figure 
1). Performing lateral plain radiographs for 
every 20 minutes to evaluate the reduction. If it 
failed to achieve the reduction, increasing trac-
tion weight of 2.5 kg after each perspective 
until thecervical physiological curve was fou- 
nd on following plain film. When over-traction 
occurred, thetraction was reduced to 3 kg. If 
reduction was not obtained after continuous 
traction, or vital signs and neurologic deteriora-
tion were found, the traction was also reduced 
to initial weight and the patient was treated 
with surgery that anterior decompression, cor-
pectomy, titanium mesh cage reconstruction, 
and cervical locking plate.

Surgical procedure

A standard right-sided anterior approach to the 
cervical spine was used. After vertebral bo- 
dy exposed adequately, injury segments were 

accurate positioned through intraoperative lat-
eral fluoroscopy. Vertebral body posts were 
inserted into adjacent vertebra of damaged 
segments. Discectomy was then performed, 
opening the posterior longitudinal ligament fol-
lowed by intervertebral disc tissue removal. 
Either a Caspar retractor or a laminar spreader 
was used to insert the disc space with fluoros-
copy guiding and assessing the reduction. 
Reduction was carried with compressing the 
two posts and distraction blunt intervertebral 
retractor while cervical spine in a slightly flexion 
position, if necessary manual traction was 
taken on cervical spine by the assistant sur-
geon to accomplish the reduction. The fluoros-
copy was used to closed monitor the affected 
vertebra during the procedure. Partial resect-
ing the vertebral body was performed and the 
removed grinding bone was filled in a suitable 
titanium mesh cage, located in bone defect. 
The impaired segments were fixed with a 
formed cervical anterior locking plateheld with 
unicortical screws to provide the stabilization.

Postoperative management

All the patients were maintained upper airway 
patency and kept from infection through taking 
antibiotics orally. Drainage of all the patients 
was recorded every day and their vital signs 
were monitored closely. If any difficulty in br- 
eathing or signs of local bleeding were found, 
surgical treatment would be implemented im- 
mediately in the operating room. Functional 
exercised was allowed on the first day after sur-
gery and the neck collar was worn for 8 weeks.

Outcome evaluations

The radiological evaluations, including anterior 
and lateral flexion-extension follow-up films 
were applied at 3, 6 and 12 months after sur-
gery toassess the union, instability, deformity 
and instrumentation failure. The American spi- 
ne injury association (ASIA) score system was 
usedto evaluate postoperative patients’ neuro-
logical function in each follow-up.

Results

All patients were achieved reduction success-
fully and recovered the normal cervical physio-
logical alignment on the postoperative radio-
graphs. There were no esophagus injury, spinal 
cord injury, vertebral artery injury, nonunion, 
andinstrumentation failures after surgery in 

Table 1. Change in ASIA grade from preopera-
tion to postoperative follow-up

Preoperation n
Postoperative follow-up
A B C D E

A 4 3 1 - - -
B 14 1 4 5 4 -
C 16 - - 3 6 7
D 7 - - - - 7
E 1 - - - - 1
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this series. Bone fusion occurred, while implant 
loosening, pseudarthrosis and graft settling 
were not observedin the six months follow-up. 
Complications related to anterior approach 
were consisted of two dysphagias and one ody-
nophagia. The clinical symptoms disappeared 
without special treatment after three months. 
In the 42 patients, neurological worsening was 
not found during preoperative skull traction and 
spinal cord injury was recoveredwith varying 
degrees after surgery. There were 12 patients 
without ASIA level or upper extremity function 
improvement in the postoperative follow-up of 
12 months. Thirty patients increased their po- 
stoperative ASIA grades by at least one level. 
No significant improvement of neurologic func-
tion was observed after 1 year follow-up (Table 
1).

Discussion

Lower cervical fracture and dislocation often 
caused by violence, including traffic accidents, 
falls and blunt injuries, often associated with 
spine cord injury of different degrees. In addi-
tion to the high frequency of complications and-
poor therapeutic effects, it has been a difficult 
problem in clinical work. Considering theage of 
patients, nervous compromise, especially the 

type of injury, the primary surgical approach 
includes anterior, posterior and anterior-poste-
rior surgical procedure. But which is the best 
treatment is still a controversial tropic. The bio-
mechanical superiority of posterior operation 
has been confirmed thatit can providethe sta-
bility of the three columns and resist flexion-
extension forces [3]. Only the following events 
occur: compression of spinal cord deriving from 
posterior elements, instability of the cervico-
thoracic junction, and irreducible unilateral or 
bilateral facet dislocation, we used the posteri-
or procedure. However, more and more good 
results have been reported owing to modern 
instrumentation and proper operative tech-
nique, which plays a vital role, including this 
study. Even though there were no significant 
differences between the two procedures for 
the rate of complications, the superiority of the 
anterior approach as recorded by Aebi et al. [1] 
makes it become preferring for the treatment 
of lower cervical spine fracture and disloca- 
tion. Therefore, anterior cervical operation has 
become popular among young doctors because 
of the short operation time, less trauma and 
complications, even the lower morbidity [4]. 
With the advent of cervicalspine locking plate 
system, in which the cortical screws was used, 
it prevents the screws from backing out, reduc-

Figure 1. (A) Lateral cervical spine 
radiograph showing C5/6 fracture 
and dislocation. (B) The sagittal 
magnetic resonance image dem-
onstrates spinal cord compressi- 
on stems from anterior vertebral 
and the signal had changed. (C) 
A patient who was applied preop-
erative traction. (D) Anteroposterior 
and (E) lateral radiographs were 
taken after anterior cervical sur-
gery through corpectomy, titanium 
mesh cage reconstruction, and cer-
vical locking plate.
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es the risk of intraoperative nerve injury, and 
provides rigid osteosynthesis. Foremost, be- 
cause of neurological deterioration always 
derives from traumatic disc rupture which is in 
front of the spinal cord [5, 6] decompression 
can be achieved conveniently through anterior 
cervical approach.

Reduction should be performed as soon as 
possible after admission, which can restore 
normal cervical alignment, maintain cervical 
spine stability. The goals of closed reduction 
are toobtain spinal cord decompression and 
enhance neurologic recovery, while, the most 
important point is to minimize neurologic defi-
cits worsen. For the patients without reduction 
in lateral plains were increased traction weight 
of 2.5 kg in a 20 minutes interval until half 
ofthe patient’s weight, while neurological exam-
ination were performed to evaluated neural 
function. Through this way, preoperative trac-
tion can be applied safely and sixteen of forty-
two patients have been achieved reduction in 
our study, while the success rates is recorded 
from 23% to 91% in previous literatures [7, 8]. 
However, for the patients closed reduction 
defeated required surgical treatment, it can 
always obtain an anatomic reduction through 
anterior procedurecombined with intraopera-
tive discectomy and corpectomy, when it is nec-
essary. Preoperative skull traction significantly 
decreases the difficulty of intraoperative reduc-
tion. This successfully solved the problem of 
anterior reduction.

The cervical fracture and dislocation was treat-
ed by anterior reduction in 1970s, descried by 
Cloward [9]. Lower cervical spine fractures 
which were always combined with 3-column 
injury, were reported to require anterior-posteri-
or approach surgery to provide 360-degree sta-
bilization in the past [10]. However, it can be 
sufficiently treated with anterior cervical de- 
compression and reconstruction with titanium 
cages and anterior locking plate, following sub-
total corpectomy, while early rehabilitation is 
allowed [1, 11-13]. The titanium mesh cages 
used in anterior cervical reconstructive surgery 
have been approved that it is a safe and effec-
tive procedure which has achieved cervical 
intervertebral fusion surgery following corpec-
tomy [14]. The cages bent to fit the bone defect 
space not only provide bone support, but recon-
struct cervical lordosis in seventeen of the 
twenty-six patients who required corpectomy in 
our study. The cages are filled with the bone 

removed from the corpectomy site which can 
avoid the donor site morbidity. In the series, all 
the 26 postoperative patients were achieved 
immediate strong support and bone graft 
fusion, however no bone nonunion, neurologic 
deterioration, or graft collapse occurred in cur-
rent follow-up. Severe clinical complications 
after anterior decompression and internal fixa-
tion in lower cervical spine fracture and disloca-
tion are shown to be relative few in several 
studies [1, 2, 13, 15]. Compared with posterior 
surgical approach, othercomplications such 
asInstrumentation failure, pseudoarthrosis for-
mation, or reoperation rate (rang from 1% to 
5%) are not higher [1, 13, 16] and the infection 
and spinal cord complication rate are even 
lower [4, 17, 18]. The spinal cord and nerve root 
decompression after discectomy by anterior 
procedure can be obtained safely. The disrup-
tive disc in the cervical injuries always causes 
anterior compression to the spinal cord, it is 
direct and effective to perform anterior decom-
pression. The plate is placed in front of spine to 
reconstruct cervical physiological curvatureand 
play tension band effect at the injury level. 
Additionally, for the patients without preopera-
tive MRI, anterior reduction can be applied.

Conclusions

For majority of lower cervical fracture and dislo-
cation injuries, anterior cervical surgery has 
been recognized as vital part in making a treat-
ment plan. Preoperative skull traction acting as 
an initial treatment is safe and effective to 
restore dislocation of different degrees and 
minimize neurological function deteriorating. If 
closed reduction failed, anterior surgical fixa-
tion using titanium mesh cages and locking 
plates is a proper choice for short operation 
time, little hemorrhage volume, low complica-
tion rate, and high fusion rate.
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