
Case Report

Anterior Dens Screw Fixation for Traumatic C1-2
Lateral Subluxation With 3-Part Fractures of the C2
Axis (Dens, Lateral Mass, and Hangman Fractures):
A Case Report

ABSTRACT

Introduction: To report the first case of traumatic C1-2 lateral

subluxation with three-part fractures of the C2 axis (dens, lateral mass,

and hangman fractures) thatwas successfully treatedwith only anterior

dens screw fixation.

Methods: A 56-year-old man was admitted to the hospital

complaining of neck and left arm pains caused by a pedestrian traffic

accident. Radiologic examination revealed traumatic C1-2 lateral

subluxation, type 3 dens fracture (Anderson and D’Alonzo

classification), fracture of both C2 lateral masses, and type 1 hangman

fracture (Levine and Edwards classification).

Results: Preoperative closed reduction of the C1-2 lateral subluxation

was successfully achievedby skull traction usingaGardner-Wells tong.

The patient underwent anterior dens screw fixation for type 3 dens

fracture with posterior angulation. At the 2-year follow-up visit, good

reduction of traumatic C1-2 lateral subluxation and solid fusion of all

three-part fractures of the C2 axis were achieved with full range of

motion and stability at the C1-2 joint. In addition, notable improvement

of neck and left arm pains was achieved.

Discussion: Preoperative closed reduction and anterior dens screw

fixation can be considered as a less invasive and motion-preserving

surgery for traumatic C1-2 lateral subluxation with three-part fractures

of the C2 axis.

F ractures of the C2 axis are considered to be one of the most common
traumatic injuries of the cervical spine and account for between 17%
and 27% of cervical spine fractures.1 However, multiple fractures of

the C2 axis are relatively rare, and currently, no consensus for surgical
management exists.2,3

Several poorly defined strategies have been suggested for managing mul-
tipleC2axis fractures.2 For cases with multiple C2 axis fractures, posterior or
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combined C1-2/3 fusion is commonly done to achieve a
solid fusion, despite sacrificing the C1-2 motion, espe-
cially rotation.1-3 Here, we report the first case of
traumatic C1-2 lateral subluxation with three-part
fractures of the C2 axis (dens, lateral mass, and hang-
man fractures) that was successfully treated with only
preoperative closed reduction and anterior dens screw
fixation.

Case Presentation
A 56-year-old man was admitted to the emergency
department of our institution complaining of neck pain
and left shoulder pain that occurred after a pedestrian
traffic accident. The pain intensity for the neck and
shoulder was reported at visual analog scale values of 8
and 6, respectively. Clinical examination showed ten-
derness and limited neck rotation. Neurologic examina-
tion showed normal motor and sensory functions of
upper and lower extremities. Coronal (Figure 1, A) CT

scan revealed a type 3 dens fracture (based on the An-
derson and D’Alonzo classification) and C1-2 lateral
subluxation to the right side. Axial (Figure 1, B and C)
CT scans revealed asymmetry of the C1-2 joints and
fractures of both C2 lateral masses. A sagittal (Figure 1,
D) CT scan revealed a type 3 dens fracture with pos-
terior angulation. Right and left parasagittal (Figure 1, E
and F) CT scans revealed fractures of both pars inter-
articularis, which indicated a type 1 hangman fracture
(based on the Levine and Edwards classification). Initial
open mouth view (Figure 2, A) and a lateral radiograph
(Figure 2, B) showed a type 3 dens fracture with pos-
terior angulation and C1-2 lateral subluxation to the
right side. Sagittal (Figure 2, C) and axial (Figure 2, D)
MRI showed a type 3 dens fracture with intact trans-
verse atlantal ligament (TAL) with a normal atlanto-
dental interval.

On admission, skull traction was applied using a
Gardner-Wells tong with 3 kg of weight. The weight was
gradually increased to 4 kg over a period of 2 days under

Figure 1

Coronal (A) CT (CT) scan showing a type 3 dens fracture (dotted dark arrow) and C1-2 lateral subluxation (dark arrows). Axial (B and C)
CT scans showing asymmetry of C1-2 joints (dark arrows) and fractures of both lateral masses (dark arrows). Sagittal (D) CT scan
showing a type 3 dens fracture with angulation (dotted dark arrow). Right and left parasagittal (E and F) CT scans showing fractures of
both pars interarticularis (dark arrows), indicating a type 1 hangman fracture.
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careful neurologic function monitoring. A serial check
of a lateral radiograph and openmouth viewwas done to
determine whether the closed reduction was successful
and to prevent overdistraction of C1-2. After the closed
reduction was determined to be successful, the weight
was reduced to 2.5 kg for maintenance. Afterward, he
underwent anterior dens screw fixation for type 3 dens
fracture with posterior angulation using a 4.0-mm can-
nulated screw through a standard C5-6 transverse skin
incision. After surgery, he wore the Philadelphia brace
for 3 months.

At 2 years after surgery, follow-up coronal (Figure 3,
A) CT scan showed fusion of the type 3 dens fracture
with good reduction of C1-2 lateral subluxation. Axial
(Figure 2, B and C) CT scans showed symmetry of C1-2
joint and union of the fractures of both C2 lateral masses.
Sagittal (Figure 3, D) CT scan showed fusion of the type 3
dens fracture with corrected posterior angulation. Right
and left parasagittal (Figure 3, E and F) CT scans showed
fusion of fractures of both pars interarticularis, which

was a type 1 hangman fracture. The two-year open
mouth view (Figure 4, A) and lateral radiograph
(Figure 4, B) follow-up images showed fusion of type 3
dens fracture with correction of posterior angulation.
Flexion and extension lateral radiographs (Figure 4, C
and D) showed a full range of motion and stability at
the C1-2 joint. Neck pain and left arm and shoulder
pain were markedly improved to visual analog scale
values of 2 and 1, respectively.

Discussion
Multiple fractures of the C2 axis (ie, three-part fractures
of the axis) have been reported as case reports, and
Korres et al4 showed that only 1% (9 of 764 patients)
had multiple fractures of the axis, which is indicative of
three-part fractures (dens, lateral mass, and traumatic
spondylolisthesis). To the best of our knowledge,
traumatic C1-2 lateral subluxation with a three-part
fracture of the C2 axis (dens, lateral mass, and hangman

Figure 2

Initial open mouth view (A) and lateral radiograph (B) showing a type 3 dens fracture with angulation (dotted dark arrow) and C1-2 lateral
subluxation (dark arrow). Sagittal (C) MRI showing a type 3 dens fracture with intact transverse atlantal ligament (dark arrow) and normal
atlanto-dental interval (ADI) (white arrow). Axial (D) MRI showing an intact transverse atlantal ligament (dark arrows) and normal ADI
(white arrow).

Journal of the AAOS Global Research & Reviews® ---
-- December 2021, Vol 5, No 12 ---
-- © American Academy of Orthopaedic Surgeons 3

C
ase

R
eport

Dong-Gune Chang, MD, PhD, et al



fractures) has not yet been reported. Thus, our case will
help determine appropriate decision making for trau-
matic C1-2 lateral subluxation with complex three-part
fractures of the C2 axis.

Although conservative treatments showed good clini-
cal outcomes for stable three-part fractures, surgical
treatment is essential for the unstable nature of three-part
fractures, as shown in our case. A posterior approach was
widely accepted for unstable three-part fractures because
it was beneficial for stability from the fracture’s reduction
and fusion.1 However, this approach showed relatively
higher mortality, and Lipson5 reported that posterior
fixation markedly decreased the range of motion of the
cervical spine by up to 50%. Compared with other
unstable fractures that were managed with posterior
fusion, TAL was intact, which allowed sufficient stability
to be achieved and preserved the range of cervical motion
from less invasive fixation, despite the unstable fracture
pattern that was identified in our case. Therefore, injury

of TAL could be considered as an important factor for
decision making or surgical methods, particularly for
case of unstable three-part fractures.

Treatment of the separate isolated fractures is a useful
approach for managing complex fractures.1,4 In our case,
the patient presented with a type 3 dens fracture with
posterior angulation, fractures of both C2 lateral masses,
and C1-2 lateral subluxation. Preoperative closed reduc-
tion by skull traction successfully corrected the angulation
and lateral subluxation of C1-2, which improved the sta-
bility of the type 3 dens fracture. Furthermore, type 3 dens
fracture has been associated with higher healing potential
compared with other types (type 1 and type 2 dens frac-
tures).1 Based on this information, we would expect to
achieve sufficient stability through anterior screw fixation
and to subsequently determine whether anterior dens screw
fixation should be done to minimize complications.

Most cases of unstable three-part fractures have led
to aggressive surgical procedures because traumatic

Figure 3

At 2 years after surgery, follow-up coronal (A) CT scan showing fusion of the type 3 dens fracture (dotted dark arrow) and good
reduction of C1-2 lateral subluxation (dark arrows). Axial (B and C) CT scans showing symmetry of the C1-2 joints (dark arrows) and
union of the fractures of both C2 lateral masses (dark arrows). Sagittal (D) CT scan showing fusion of a type 3 dens fracture with
correction of angulation. Right and left parasagittal (E and F) CT scans showing fusion of fractures of both pars interarticularis, a type 1
hangman fracture.
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spondylolisthesis of C2 causes more unstable fracture.3

Our case showed that a less invasive fixation method
(anterior dens screw fixation) could be applied through
successful preoperative closed reduction in comparison
with other similar cases. Therefore, the success of pre-
operative closed reduction has a notable effect on
determining surgical choices in unstable three-part
fractures.

There are several strengths to our research study. We
achieved favorableoutcomesby applying less invasive and
motion-preserving surgery for traumatic C1-2 lateral
subluxation with dens and hangman fractures as follows:
fracture site stability, early mobilization, preserved range
of motion in the cervical spine, and good osteosynthesis.
These results suggested that preoperative closed reduction
and anterior dens screw fixation can be a useful surgical
option in traumatic C1-2 lateral subluxation with com-
plex three-part fractures of the C2 axis.

In conclusion, preoperative closed reduction and
anterior dens screw fixation were associated with suc-
cessful outcomes for traumatic C1-2 lateral subluxation

with three-part fractures of the C2 axis (dens, lateral
mass, and hangman fractures). Therefore, preopera-
tive closed reduction and dens screw fixation can be
considered as a less invasive and motion-preserving
surgery.

References
1. Kepler CK, Vaccaro AR, Fleischman AN, et al: Treatment of Axis
body fractures: A systematic Review. Clin Spine Surg. 2017;30:
442-456.

2. Shinbo J, Sameda H, Ikenoue S, et al: Simultaneous anterior and

posterior screw fixations confined to the axis for stabilization of a 3-part

fracture of the axis (odontoid, dens, and hangman fractures): Report of 2

cases. J Neurosurg Spine. 2014;20:265-269.

3. Yuan S, Wei B, Tian Y, et al: Posterior temporary C1-2 fixation for 3-
part fractures of the axis (odontoid dens and Hangman fractures).
Medicine (Baltimore). 2018;97:e12957.

4. Korres DS, Papagelopoulos PJ, Mavrogenis AF, et al: Multiple fractures

of the axis. Orthopedics. 2004;27:1096-1099.

5. Lipson SJ: Fractures of the atlas associated with fractures of the

odontoid process and transverse ligament ruptures. J Bone Joint Surg Am.

1977;59:940-943.

Figure 4

At 2 years after surgery, follow-up lateral radiograph (A) and open mouth view (B) showing fusion of the type 3 dens fracture with
correction of angulation. Flexion and extension lateral radiographs (C and D) showing no instability of the C1-2 joint.
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