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Abstract: Objective: to compare the clinical outcomes of anterior fusion with ROI-C™ and titanium plate in the
treatment of Hangman’s fractures. Methods: From Dec 2005 to Jan 2015, a total of 21 patients with Hangman’s
fracture, who underwent anterior internal fixation with titanium plate or ROI-C™, were retrospectively reviewed. All
patients underwent anteroposterior, lateral, and flexion-extension radiography and computed tomography of cervi-
cal spine preoperatively and postoperatively at 3 days and 3 months. Cervical visual analog scale (VAS) score, Bazaz
dysphagia score, angular displacement (AD), horizontal displacement (HD), fusion rate, and blood loss were mea-
sured. Results: The VAS and Bazaz dysphagia score at postoperative 3 days were significantly lower in ROI-C™ group,
as compared to titanium plate group (P<0.05). AD and HD were significantly decreased in both groups after opera-
tion (P<0.05). The postoperative rate of complete reduction of spondylolisthesis was significantly higher in ROI-C™
group than that in titanium plate group (P<0.05). The operative time and blood loss was significantly decreased
in ROI-C™ group, as compared to titanium plate group (P<0.05). Conclusion: ROI-C™ device showed superiority to
titanium plate in the treatment of Hangman'’s fractures, suggesting that anterior operation with ROI-C™ device may

be a better choice for treating Hangman'’s fractures.
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Introduction

Hangman’s fracture, also known as traumatic
spondylolisthesis of axis, is a fracture involves
injury of pedicle, articular facet, and pars inter-
articularis of the axis [1-3] and is frequently
companied by C2-C3 intervertebral fracture.
In 1982, Levine and Edwards classified
Hangman’s fracture into four types [4].
Conservative methods, such as cervical ortho-
sis, halo-vest immobilization and skull traction,
are favored for the treatment of Hangman’s
fracture. However, poor fixation and slow heal-
ing rate greatly affect the quality of patients’
lives. Even if the fracture heals well, the cervi-
cal instability induced by cervical disc damage
still exists and patients may have C2/3 kypho-
sis or false articuli, and pain in neck, shoulders
and arms in the late period.

With the development of anterior cervical plate
and posterior pedicle screws, surgical treat-
ment with reduction internal fixation shows

superiority for unstable Hangman’s fracture.
Surgical methods commonly used in the treat-
ment of Hangman’'s fracture mainly include
C2/3 anterior approach with titanium plates
and posterior approach with pedicle screws.
Anterior approach has several advantages,
such as easy operation, less injury, satisfactory
stability, and conducting discectomy and spinal
decompression at the same time. These advan-
tages make anterior approach the first choice
for the treatment of Hangman’'s fracture to
most spine surgeons. However, this approach is
often associated with poor exposure, difficult
internal implantation and fixation, and high fre-
quency of complications [5]. Posterior screw
fixation is favored for treating Ill fracture, which
provides good exposure and can treat articular
facet noose meanwhile. But some patients may
still have to conduct anterior decompression to
solve the problems such as disc relict and com-
pression of the cervical spine cord after reduc-
tion [2, 3]. To decrease the effects of thick tita-
nium plate on the esophagus and pharynx, low
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profile or zero notch internal fixation materials
are constantly emerging. ROI-C™ device has
double locking tabs that can lock the upper and
lower vertebral body at a time, avoiding dis-
placement of the fusion device. The usage of
double locking tabs provides good immediate
stability, thereby resulting in improved interver-
tebral space and cervical physiological curva-
ture and higher fusion rate [6-8].

Currently, ROI-C™ device has been widely used
in the treatment of disorders of subaxial cervi-
cal spine and cervical spine fractures; however,
its application in the treatment of Hangman’s
fractures has not been reported. In the present
study, we retrospectively compared the effects
of ROI-C™ device and titanium plate on postop-
erative immediate stability and clinical out-
comes in the treatment of Hangman’'s
fractures.

Subjects and methods
Design

Retrospective clinical study.
Subjects

Between December 2005 and January 2015,
21 patients with Hangman’s fractures were
included in this study. 15 patients were treated
with anterior fixation with titanium plates and 6
patients were treated with anterior fixation with
ROI-C™ devices.

Diagnostic criteria

(1) Typical neck trauma history and clinical
symptoms, such as neck pain, stiffness, and
limited mobility. Some patients may also have
concomitant injury of the neck or other parts.
(2) X-ray films and CT of cervical spine showing;:
type Il with translation (>3 mm) and kyphosis
after C2-C3 angulation; type Ila with translation
(<3 mm) and C2-C3 angulation (>15°); type llI
with server translation, angulation, and facet
noose. MR shows spinal cord or nerve com-
pression, and Tl and T2 image signal nay be
changed.

Inclusion criteria

Patients with Type Il and lla Hangman’s frac-
tures classified by Levine and Edwards.
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Exclusion criteria

(1) type | Hangman'’s fracture; (2) developmen-
tal spinal stenosis and server ossification of
posterior longitudinal ligament; (3) severe heart
failure, respiratory failure, renal failure, and
metal allergies surgical contraindications; (4)
server swallowing discomfort before operation;
(5) type lll Hangman'’s fracture.

Basic information

All the cases were retrospectively analyzed.
According to the types of fusion devices,
patients were divided into two groups, the ROI-
C™ group and the titanium plate group. There
were 13 males and 8 females. Mean age at sur-
gery was 43.2+13.9 years (range 25-62 years).
Patients and their families were informed and
consent for the treatment. The cause of injury:
fall injury 4 cases, traffic accident 15 cases,
heavy injured 2 cases. Classification by Levine-
Edwards: type Il 15 cases, type lla 6 cased.
Most of the patients were complicated with
varying degrees of neurological symptoms.
Classification of spinal cord function (Frankel):
C grade 1 case, D grade 8 cases, E grade 12
cases.

Methods
Materials

ROI-C™ fusion device was obtained from LDR
(France), with 5 mm, 6 mm or 7 mm in height
and 12 mm or 14 mm in length. Titanium plate
was from Cervilock Anterior Cervical Plate
System (Weigao, China).

Surgical procedures

Titanium plate group: All patients were con-
ducted inhalation anesthesia mediated by
endotracheal intubation. Patients were placed
in a supine position, avoiding heperextension.
After anesthesia, patient’s shoulders and back
were padded and the neck was slightly extend-
ed. Axial reduction was observed under fluoros-
copy. A standard horizontal incision was made
2 cm below the jaw. Hypoglossal nerve was
elevated used a long thyroid retractor and the
carotid artery was hold to the lateral. The hyoid
bone was retracted medially without harming
the deep laryngeal nerve. After exposure of
pharyngeal space and prevertebral fascia,

Int J Clin Exp Med 2015;8(10):18665-18672



ROI-C™ fusion device for Hangman'’s fracture treatment

Table 1. Comparison of baseline characteristics in pa-

tients of two groups

Statistical analysis

ROI-C™ Titanium

Non-radiographic indexes

Items group plate group value . .

M/F(n) 51 12/3 >0.05 Operative time and bloqd loss were mga-
sured. Bazaz dysphagia was classified

Age (X £s, years) 41.2¢12.7 45.9+13.6 >0.05 into mild, moderate and severe degree.

Levine-Edwards classification >0.05 Visual analogue scale (VAS) score was

Type |l 4 11
Type lla 2 4

used to evaluate the neck pain.

Note: There were no significant difference in gender, age, Hangman’s
fracture type between ROI-C™ group and titanium plate group preop-

eratively.

C2/3 anterior exposure was obtained. Anterior
C2/3 discectomy and decompression were per-
formed with the help of an intervertebral
expander. After endplate treatment, cage filled
with comminuted bone was impacted into the
prepared disc space. Anterior titanium plate
with appropriate length was curved and placed
in the C2, C3 vertebral bodies. Final alignment
was achieved by tightening the screws. After
confirming the positions of titanium plate,
screws, and cage, and the satisfactory C2, C3
vertebral reduction, a drainage tube was placed
and the surgical incision was sutured.

ROI-C™ group: Anesthesia and surgical opera-
tion were performed as the titanium plate
group. After anterior C2/3 discectomy, decom-
pression, and removal of intervertebral expand-
er, depth limiting screw was adjusted according
to the degree of spondylolisthesis to achieve
satisfactory vertebral reduction. Then an appro-
priate type of ROI-C™ fusion device was chose,
filled with comminuted bone, and impacted into
the intervertebral space. While the surgical
assistant holding the skull and pushing down
the trailing, locking tabs of ROI-C™ were fixed to
C2, C3 vertebrae. After confirming the vertebral
reduction and fixation, a drainage tube was
placed and the surgical incision was sutured.

Postoperative treatment

At 1 day postoperatively, patients without serv-
er cervical cord and neural lesions could have
out-of-bed activities while wearing a neck
brace, but the brace would be not necessary
while lying down. Drainage tube was removed
when the drainage was less than 50 ml within
24 h. Radiographs were taken at 3 day postop-
eratively. Cervical support with neck brace was
used for 3 months. All patients were rechecked
at 3 months postoperatively.
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Radiographic indexes

Cervical anteroposterior, lateral, and

flexion-extension radiography and com-

puted tomography (CT) were performed
preoperatively and postoperatively at 3 days
and 3 months. Angular displacement (AD) and
horizontal displacement (HD) were also mea-
sured. Fusion criteria: (1) Bone trabecula goes
through bilateral interfaces and bone bridge is
formed between the upper and lower edges of
the vertebral body. (2) Space between vertebral
body and fusion device is disappeared. (3)
AD<2° at heperflexion or heperextension state.
(4) Having enough intervertebral height and
there is no collapse and scoliosis [9].

Statistical analysis

Statistical analyses were performed using
SPSS 16.0. Data was expressed as X+S. Pair
comparison was performed using T-test. Bazaz
dysphagia was analyzed with rank sum test.
Fusion rate was analyzed with Chi-square test.
Pvalue <0.05 was considered to be statistically
significant.

Results
Comparison of baseline characteristics

There were no significant difference in gender,
age, Hangman'’s fracture type between ROI-C™
group and titanium plate group preoperatively
(P>0.05) (Table 1).

Comparison of non-radiographic indexes

The cervical VAS score, Bazaz dysphagia score
were significantly decreased at postoperative 3
days in ROI-C™ group, as compared to titanium
plate group (P<0.05); however, at postopera-
tive 3 months, there was no significant differ-
ence in the cervical VAS score and Bazaz dys-
phagia score between the two groups (P>0.05).
The operative time and blood loss was signifi-
cantly lower in ROI-C™ group (62.3+18.7 min
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Table 2. Comparison of non-radiographic indexes in patients of two groups

ltems ROI-C™ group (n=6) Titanium plate group (n=15) P value

Operative time (X s, min)

Blood loss (X +s, ml)

Dysphagia classification (3 days after operation)
Mild
Moderate
Severe

Dysphagia classification (3 months after operation)
Mild
Moderate
Severe

VAS score (X £s) (3 days after operation

VAS score (X £s) (3 months after operation

62.3+18.7 125.4+31.4 <0.05
39.6+17.7 69.8+23.9 <0.05
<0.05

0 5

0 2

0 0
>0.05

0 2

0 0

0 0
2.5+0.4 3.910.9 <0.05
0 0 >0.05

Note: There were significant differences in the operative time, blood loss, Bazaz dysphagia score and VAS score at 3 days
postoperatively between the two groups (P<0.05). There was no significant difference in Bazaz dysphagia score and VAS score

at 3 months postoperatively between the two groups (P>0.05).

Table 3. Comparison of radiographic indexes in patients of two groups

Groups AD (mm) HD (mm) Fusion rate (%) Complete reduction rate (%)
ROI-C™ group (n=6) 100

Before operation 21.7+4.6 4.2+1.4

3 days after operation 2.2+0.4 0.9+0.3

3 months after operation 0.4+0.1 0.0+£0.0 83.3%
Titanium plate group (n=15) 46.6

Before operation 20.845.3 4.7+1.6

3 days after operation 2.1+0.52 0.3+0.0°

3 months after operation 0.3+0.0° 0.0+0.0? 80.0%

Note: Angular displacement (AD) and horizontal displacement (HD) at 3 day and 3 months postoperatively were significantly
decreased, as compared to preoperation (P<0.05); however, there was no significant difference between the two groups
(P>0.05). No significant difference in fusion rate at 3 day postoperatively was found between ROI-C™ group (83.3%) and
titanium plate group (80.0%), (P>0.05). The rates of complete reduction of spondylolisthesis after operation in ROI-C™ group
(100%) was significantly higher than that in titanium plate group (46.6%), (P<0.05). 2Represents the statistically significant dif-
ference of AD and HD at 3 day and 3 months postoperatively as compared to preoperation.

and 39.6+17.7 ml), as compared to titanium
plate group (125.4+31.4 min and 69.8 mI+23.9
ml) (P<0.05) (Table 2).

Comparison of radiographic indexes

AD and HD at postoperative 3 days and 3
months in both groups were significantly
decreased after operation (P<0.05), but there
was no difference in AD and HD at postopera-
tive 3 days and 3 months between the two
groups. No significant difference was observed
in the fusion rate 3 months postoperativiey
between the two groups (P>0.05). The rate of
complete reduction of spondylolisthesis after
operation in ROI-C™ group (100%) was signifi-
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cantly higher than that in titanium plate group
(46.6%), (P<0.05) (Table 3).

Typical case

A 49-year-old male (**Jiang), who was involved
in a car accident, had neck pain and limited
mobility for 2 days. Upon examination, his neck
movements were restricted, and his muscle
power of left upper limb was grade 4. His super-
ficial sensibility was lost, but his muscle power
of right limb was normal. Hoffmann sign -, knee
tendon reflexes ++. Auxiliary examination: X-ray
showed vertebral displacement forward 6 mm,
and there was a clear C2 pars interarticularis
fracture (Figure 1A). Flexion-extension radio-
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Figure 1. Images of a patient with Hangman'’s fractures before and after treatment. (A) Images of a patient with
Hangman'’s fractures before and after treatment with Titanium plate. Cervical vertebra lateral radiograph (a), heper-
extension radiograph (b), heperflexion radiograph (c), MR (d) and CT (e) before operation. Cervical vertebra lateral
radiograph 2 weeks postoperatively (f), cervical vertebra lateral radiograph 3 months postoperatively (g), cervical
vertebra lateral radiograph 6 months postoperatively (h). (B) Images of a patient with Hangman’s fractures before
and after treatment with ROI-C™ device Cervical vertebra lateral radiograph (a’), heperextension radiograph (b’),
heperflexion radiograph (c’), MR (d’) and CT (e’) before operation. Cervical vertebra lateral radiograph (f’), heperex-

tension radiograph (g’), heperflexion radiograph (h’), and CT (i’, j’) 3 days postoperatively.

graph showed unstable C2/3 segment (Figure
1b’ and 1c¢’). Cervical MR showed that C2 dislo-
cated forward, but had no sign of cervicpulp
and radiculopathy symptom. Diagnosis: type Il
Hangman’s fracture. This patient was per-
formed anterior cervical discectomy and inter-
nal fixation with ROI-C™ device. The operative
time and blood loss were 60 min and 20 ml,
respectively. Patient underwent lateral (Figure
1f’) and flexion-extension (Figure 1h’) radiogra-
phy and CT at 3 days postoperatively. CT scan
showed a complete fusion at 3 months postop-
eratively (Figure 17’).
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Discussion

Axis fracture, as known as traumatic spondylo-
listhesis of the axis, accounts for 4%-7% of all
cervical fractures, and its incidence is signifi-
cantly increased attributed to elevated car
accidents and aloft works. Axis is a transitional
vertebra between the upper and lower cervical
spines. Anatomical differences between the
superior and inferior articular process makes
pars interarticularis of axis a mechanical lever,
which is the stress concentration point of two
segments of cervical spine and has both roles

Int J Clin Exp Med 2015;8(10): 18665-18672
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Figure 2. Comparison of C2, C3 and C4 curvature. A. The curvature of C2 vertebral frontal edge. B. The curvature of
C3 vertebral frontal edge. C. The curvature of C4 vertebral frontal edge.

of pedicle and isthmus. However, because of its
anatomical and biomechanical characteristics,
the pars interarticularis is prone to fracture
when the neck is subjected to external force[1,
10].

According to the mechanisms and fracture
characteristics, Levine-Edwards classified Han-
gman’s fracture into four types, type |, II, lla and
Il [11]. Type Il is often accompanied by com-
pression fractures of anterior vertebral body
edge and shows significant displacement (>3
mm) and slight angulation. Type lla is a variant
of type Il caused by flexion and traction vio-
lence. Type lla is unstable and shows server
angulation and slight displacement (<3 mm). In
1980s, Hangman’s fracture is mainly treated
with conservative methods, but with the
improvement of surgery and the emergence of
better fixation material, more and more of type
lI~1ll, and even part of type | fractures are tend
to treated with surgical methods [12, 13].
Surgical treatments include anterior and poste-
rior approach. Anterior approach is mainly used
in the treatment of type lla, type Il and part of
type lll that can be reduced by traction. The big-
gest advantage of the anterior approach is that
it can solve the problems of cervical spine
instability and cervical cord compression.
However, it still has some disadvantages,
including (1) complicated anatomical opera-
tion, difficult exposure, and high incidence of
laryngeal and hypoglossal nerve damage and
complications; (2) unsatisfactory vertebra
reduction; (3) fracture malunion due to the indi-
rect fixation; (4) less immediate biomechanical
stability compared with posterior approach.
Skilled operation and fixation postoperatively
can greatly overcome these disadvantages.
Thus, it can still be a good choice for the treat-
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ment of type Il and most of type Ill (excluding
those that are hard to be reduced by traction)
[5].

Dysphagia commonly occurs after anterior
operation, with an incidence of 3-12% in
patients with the lower cervical spine fracture
[16-19]. ROI-C™ cage is a zero-notch self-lock-
ing cervical interbody cage. Unless there is seri-
ous vertebral osteophytosis, dissection of a
wide range of soft tissues is not necessary
when using this self-locking cage, and this will
greatly reduce dysphagia. Wang et al. have
reported that 25.9% of patients treated with
titanium plate show dysphagia, while only 7.8%
of patients treated with intervertebral cages
show dysphagia, and those who underwent cer-
vical fusion procedures without intervertebral
cages or cervical artificial discs, do not have
dysphagia. Their findings suggest that dyspha-
gia is associated with the implants [20]. Qi et
al. also showed that the incidence of dysphagia
was significantly higher in plate plus cage group
(41.53%) than that in Zero-p cage group
(33.33%), suggesting that the choice of
implants and the surgical margin significantly
influences the postoperative dysphagia [21].
Zhang et al. compared the effects on clinical
efficacy by anterior cervical decompression
and internal fixation using self-locking inter-
body fusion MC+® or ROI-C™ in the treatment
of cervical spondylosis and they found that at 3
days or 3 months postoperatively, AD and HD
were significantly higher in MC+® group than
that in ROI-C™ group, suggesting that ROI-C™
has superiority to MC+® for stability [6]. In this
study, we found that in ROI-C™ group, none had
dysphagia, while in titanium plate group, 46.6%
of patients had dysphagia. Cervical VAS score
was significantly lower in ROI-C™ group than
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that in titanium plate group. The decreased
dysphagia and cervical pain in ROI-C™ group
may be attributed to zero-profile of ROI-C™,
shorter operative time, and smaller range of
soft tissue dissection, which can greatly reduce
the traction and irritation of the throat.

Atlantoaxial frontal curvature analysis showed
that the frontal edge of C2>C3>C4 (Figure 2).
Due to the axial frontal curvature difference,
titanium plate cannot patch to the vertebral
body perfectly, and its thickness has a high irri-
tation to the pharyngeal soft tissues. The
appearance of zero-notch ROI-C™ greatly
improves the problems raised by titanium plate.
First, ROI-C™ was implanted into the interverte-
bral space directly and then the locking tabs
are implanted to lock the upper and lower ver-
tebrae; thus, axial frontal curvature is no more
an issue. Second, spondylolisthesis reduction
was achieved by directly adjustment of the
depth adjusting lever. Furthermore, due to
small range of vertical and horizontal tissue
dissection less blood loss was achieved.

Coming to C2 pedicle fracture or C2 at a float-
ing state, ROI-C™ implantation and fixation has
to be conducted with the help of an interverte-
bral expander. However, when performing C2/3
cage implantation, an expander is not recom-
mended. The reasons for this suggestion
include: (1) Because of cervical extension cur-
vature, the expander will firstly reach the end of
C3 vertebral nail but not the end of C2 verte-
bral nail, and thus cannot reduce the C2 verte-
bra. (2) The expander influences the adjust-
ment of depth adjusting lever, leading to
unavailable compression reduction. (3) Due to
insufficient exposure, vertebral screws are hard
to be implanted in the lower edge of vertebral
body (>5 mm), and screw implantation further
obstructs the implantation of locking tabs [6,
22]. How to achieve good reduction and fixation
without an expander? Following is our experi-
ence. First, we adjust the depth adjusting lever
to conduct compression reduction. Then the
assistant gives skull downgrade support, which
can provide satisfactory reduction and solves
the problem of intervertebral space compres-
sion. In the present study, we found that the
rate of complete reduction of spondylolisthesis
after operation was significantly higher in ROI-
C™ group than that in titanium plate group.
Moreover, the operative time and blood loss
were significantly less in ROI-C™ group than
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those in titanium plate group. These data sug-
gest that ROI-C™ has superiority in vertebral
reduction, operative time, blood loss and
dysphagia.

In summary, ROI-C™ device shows advantages
in the treatment of Hangman’s fractures, such
as achieving satisfactory postoperative imme-
diate stability, having less neck pain, dysphagia
and Dblood loss, and easy operation.
Furthermore, ROI-C™ demonstrates superiority
to titanium plate for both implantation and
complete reduction of spondylolisthesis.
Together, our data suggest that anterior opera-
tion with ROI-C™ device can be a better choice
for the treatment of Hangman'’s fractures.
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