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Abstract
Atypical Hangman fractures (AHF) were first formally reported and considered to be more often associated with neurologic deficit in
1993. However, there is a paucity of literature focusing on these fractures. The purpose of the retrospective study was to introduce a
new classification scheme for AHF and its application.
Sixty-two patients with Hangman fractures were identified. There were 46 (74.2%, 46/62) AHF patients, including 29 type I, 9 type

II, 5 type IIa, and 3 type III fractures (Levine–Edwards classification). Based on fracture patterns, incidence, and their impact on
neurologic status, a primary classification for AHF was devised. The clinical features of AHF were observed, and a new classification
was introduced. The appropriate treatment strategy of AHF was discussed.
Of 46 AHF patients, 27 underwent surgical treatment (24 with posterior approach with screw-rod fixation and fusion, 1 with anterior

approach by C2/3 discectomy and fusion, and 2 with anterior and posterior approach), and the remaining 19 patients underwent
nonoperative treatment. No patient complained severe neck pain at final follow-up. Neurologic status improved 1 to 2 grade in 12
cases with neurologic deficit. All patients achieved bony fusion within the follow-up period.
AHF should be recognized as a distinct fracture subtype. The new classification for AHF is based on the feature of fracture patterns,

injury mechanism, incidence, and their impact on neurologic deficit. And the new classification is complementary to Levine–Edwards.

Abbreviations: AHF = atypical Hangman fractures, ASIA = American Spinal Injury Association scale, CT = computed
tomography, LSR = Lag screw-rod.
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1. Introduction

Starr and Eismont reported that 6 cases were atypical Hangman
fractures (AHF) in their series of 19 Hangman fractures, and
AHFwas more often accompanied by paralysis (33%) in 1993.[1]

There is a paucity of literature directly focusing on these
fractures. The true incidence, neurologic status, and proper
treatment strategy of AHF have not been addressed until now.
The Levine and Edwards classification is most widely accepted

categorization for Hangman fractures.[1,2] However, it usually
aims at bilateral pars fractures of C2 (typical Hangman
fractures), and for AHF with fractures involving the posterior
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cortex of C2 on one or both sides, the treatment strategy remains
controversial.[1–5] We conducted the retrospective study to
introduce a new classification scheme for AHF and its
application.
2. Materials and methods

The study enrolled patients with Hangman fractures between
May 2005 andMarch 2015. We reviewed all the medical records
in our prospectively maintained database. Inclusion criteria were
all patients with Hangman fractures, and there were no
exclusion. This study was undertaken in the Affiliated Hospital
of Southwest Medical University, and it was approved by the
local institutional review board at the authors’ affiliated
institution.
The diagnosis was confirmed with the combination of X-rays

and 3-dimensional computed tomography (CT) scans of bony
structures, and MRI images of the cervical spine. AHF was
defined as traumatic spondylolisthesis of the axis with fractures
occurring through the posterior cortex of C2 on one or both
sides.[1] Hangman fractures with a bilateral pars interarticularis
fractures were defined as typical. Hangman fractures were
divided into 4 types by Levine–Edwards classification.[2] Then,
the incidence rate and distribution of AHF in Levine–Edwards 4
types were observed. The surgical strategy of AHF was also
analyzed.
2.1. Patient population
Clinical data were collected on 62 consecutive patients with
Hangman fractures. There were 46 (74.2%, 46/62) patients with
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Table 1

Demographic and baseline characteristics of patients with AHF.

No Age, y/sex Cause of injury
Fracture type according to two classification system

ASIA Treatment options ComplicationsLevine–Edward Li–Wang

1 47/M Fall II A2 C P2–3 None
2 26/F MVA I B1 E P2–3 None
3 43/M Fall I A1 E Non None
4 55/M Fall I A1 E Non None
5 52/M Fall II A1 E P2–3 None
6 29/M Fall I A1 E Non None
7 28/M Fall I A2 D P2–3 None
8 57/M Fall II A1 E P1,3 None
9 70/F Fall I B1 E Non None
10 48/M Fall I A2 E P2–3 None
11 36/M Other IIa A1 D P1,3 None
12 66/M MVA I A2 E Non None
13 40/M Fall I A2 D P2–3 None
14 40/F Fall I A1 D P2–3 None
15 38/M Fall I A1 E Non None
16 72/M Fall II A1 E P2–3 lung infection
17 29/F Other II A1 D P2–3 None
18 58/M MVA II B2 E P2–3 None
19 50/M Other I A2 D P2–3 None
20 70/M Fall I A1 E Non None
21 56/M Other I A1 E Non None
22 46/F MVA I A1 E Non None
23 75/M Other I B1 E Non None
24 56/F Fall IIa A1 D P1,3 urinary infection
25 55/M Other II A2 D P2–3 None
26 34/M Fall III A2 C A2–3+P2 esophageal perforation
27 57/M MVA I B1 B Non None
28 60/F MVA I A1 E Non None
29 43/M Fall III B1 D P1,3 None
30 42/M Fall I A1 E P2–3 TCA
31 74/M Fall III A1 E P2–3 None
32 38/F Fall I A1 A

∗
P2–3 None

33 54/M Fall I A2 E Non None
34 54/M Fall IIa A2 E P2–3 None
35 30/M Fall IIa A1 C† P2–3 None
36 40/M Fall I A2 E Non None
37 48/M Fall I A2 E Non None
38 34/M Other IIa A1 E P2–3 None
39 23/M MVA I A1 E Non None
40 42/M Fall II B2 E A2–3+ P2–3 None
41 25/M MVA I A1 E Non None
42 15/F Other II A1 E P2–3 None
43 39/M MVA I A1 E P2–3 None
44 42/M Fall I A1 E A2–3 None
45 56/M Other I A1 E Non None
46 48/F MVA I A1 E Non None

Non, non-operation; A2–3, anterior cervical discectomy and fusion (ACDF) at C2–C3 level; P1,3, posterior C1 and C3 screw fixation; P2,3, posterior C2 and C3 screw fixation. AHF= atypical Hangman fractures,
ASIA=American Spinal Injury Association scale, Li–Wang= the new classification devised in the study, MVA=motor vehicle accident, TCA= transient cerebellar ataxia.
∗
ASIA A caused by C6/7 injury.

† ASIA C caused by L1 vertebral body fracture.
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AHF, including 36males and 10 females, and the average age was
46.5 years (range, 15–74 years). The causes of injuries were falls
(27 cases), motor vehicle accidents (10 cases), and others (9
cases). The patient demographic and baseline characteristics are
illustrated in Table 1. Associated injuries were reported in 31
(67.4%, 31/46) cases. Combined injuries included head injury
(10 cases, 8 with minor and 2 with major head injuries), atlas
injury (1 case), subaxial cervical spine injuries (6 cases),
thoracolumbar spine fractures (5 cases), multiple rib fractures
2

(3 cases), pelvic fractures (2 cases), clavicle fracture (1 case),
scapular fractures (2 cases), manubrium fracture (1 case), and
fractures of the extremities (3 cases). Specifically, of the 8 cases
with minor head injuries, 3 cases had scalp lacerations or
contusions on the right side, 2 cases on the left side, and 2 cases in
the parietal region.
According to Levine–Edwards classification scheme, 29

patients were types I, 9 patients types II, 5 type IIa, and 3 type
III. Neurological deficit directly associated with C2 injury were



Table 2

New classification of AHF.

Type Fracture feature Description

Type A1 Fracture line through the posterior aspect of the C2 body with contralateral
pars fracture

The most common type (27 cases), and 5 of 27 cases with neurologic
deficit

Type A2 Fracture line through the posterior aspect of the C2 body with contralateral
lamina fracture

Common type (12 cases) with the highest incidence of neurologic deficit
(5/12)

Type B1 Bilateral oblique fracture lines through the posterior aspect of the C2 body Less common type (5 cases), and 1 case with neurologic compromise
Type B2 Bilateral fracture lines through the posterior aspect of the C2 body, one is

oblique and another is vertical
The least common of the four types (2 cases)

AHF= atypical Hangman fractures.
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found in 12 of 46 patients (26.1%), and the incidence rates were
17.2% (5/29) in type I, 33.3% (3/9) in type II, 40% (2/5) in type
IIa, and 66.7% (2/3) type III fractures. According to American
Spinal Injury Association scale (ASIA), 1 patient was with ASIA
B, 2 with C, and 9 with D.[6] Besides, 2 patients with neurologic
impairment not associated with C2 were found, including 1
patient with ASIA A caused by Lumbar 1st burst fracture and
another with C caused by C6/7 traumatic fracture-dislocation.
2.2. New classification

We made a primary AHF classification based on the feature of
fracture patterns, incidence, and their impact on neurologic status
(Table 2). Type A1 means that the fracture pattern is 1 fracture
involving of posterior cortex of C2on 1 side obliquely and another
through the pars interarticularis (n=27 cases) on the other side,
which accounted for 59% of all AHF (Fig. 1A, B). Type A2means
that the fracture pattern is 1 fracture through 1 side of C2 body
obliquely and another through the contralateral laminar (n=12
cases), which may demonstrate a more rotational injury force
compared with type A1 fracture, with 6 cases (50%, 6/12) with
neurologic deficit directly associated with C2 injury (Fig. 2A, B).
Three of 5 caseswith scalp lacerations or contusions on the right or
left side were found in typeA2 group, and only 1 in type A1 group.
Type B1 means bilateral oblique fracture lines through the
posterior cortex of C2 on different sides (n=5 cases, Fig. 3A, B).
Figure 1. (A, B) The sagittal (left) and axial (right) computed tomo
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Type B2means bilateral fracture lines with oblique 1 on 1 side and
another vertical 1 on the other side (n=2 cases, Fig. 4A, B). One
case with scalp contusion on the right side was found in type B2
group, and 1 case with scalp laceration or contusion in the parietal
region was included in type B1 and type B2 group, respectively.

2.3. Treatment strategy

First,Levine–Edwards classificationwasapplicable toAHF:unstable
lesions (type II, IIa, and III) were treated surgically, and patients with
type I fractures without C2–3 level instability were managed with
collars. AHF of type I with neurologic deficit was considered as
neurologic instability, and AHF of type I without neurologic
compromise was evaluated using MRI, and if both the anterior
longitudinal ligament and the disc at theC2 to 3 level were ruptured,
it was recognized as instability. Second, when patients were treated
surgically, we performed 1 of 4 different operation: posterior C2 to
C3LagScrew-Rod(LSR)fixationand fusion,[7] extensivearthrodesis
from C1 to C3, anterior approach with C2 to C3 discectomy and
fusion, or combined anterior and posterior approach.
2.4. Clinical and radiologic assessment

The clinical outcomes included management complications, neck
pain, and neurological improvement. The radiologic outcomes
were assessed on follow-up CT or plain radiographs. Bony fusion
graphy (CT) scans of type A1 fracture in our new classification.
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Figure 2. (A, B) The sagittal (left) and axial (right) computed tomography (CT) scans of type A2 fracture in our new classification.
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was assessed according to Bridwell standard. Two authors
(QW and LG) evaluated each image independently and reached a
consensus on interpretation, and 1 month after the 1st
evaluation, this procedure was repeated again.
3. Results

3.1. Treatment choice

Of 46 AHF patients, 19 with Levine–Edwards I type without
instability underwent nonoperative treatment using rigid collar
for 2 to 3 months, and 27 patients underwent surgical treatment.
Twenty-four patients underwent posterior approach, including
20 patients (11 cases type A1, 7 cases A2, 1 case B1, and 1 case B2
of our classification) with a normal course of vertebral artery and
proper size of pedicle of C2 performed by posterior C2 to C3 LSR
fixation and fusion, and 4 cases (3 cases A1 and 1 case B1) with
extensive arthrodesis from C1 to C3 because of high riding of
vertebral artery and tiny size of pedicle of C2. One patient with
Figure 3. (A, B) The sagittal (left) and axial (right) computed tomog
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C2/3 disc herniation underwent anterior approach by C2/3
discectomy and fusion. Two cases underwent combined anterior
and posterior approach (Table 1).

3.2. Complications

For 1 patient (case no 26) with combined approach, esophageal
perforation occurred during the exposure of the C2 to 3 vertebral
bodies. With the help of thoracic surgeon repairing the lesion and
tube-feeding for 10 days, the patient recovered and were
discharged without sequelae. Two cases with posterior approach
experienced severe bleeding in 1 side screw insertion trajectory
due to the vessel damage when the C2 screw placement prepared,
and the screws were placed to tamponade bleeding. After
operation, 1 patient experienced transient cerebellar ataxia on
postoperative 5 days which disappeared with the help of
medicine. Both of them remained neurologically intact. One
patient with lung infection and 1 patient with urinary infection
were recovered by antibiotics treatment.
raphy (CT) scans of type B1 fracture in our new classification.
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Figure 4. (A, B) The sagittal (left) and axial (right) computed tomography (CT) scans of type B2 fracture in our new classification.
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3.3. Clinical and radiologic outcomes

The mean follow-up time was 3.1 years (range, 6 months to 10
years). No patient complained severe neck pain at final follow-up.
All patients revealed no evidence of neurological deterioration.
Neurological evaluation showed there was 1 to 2 grade
improvement in the 12 patients with neurologic deficit associated
with C2 injuries. No incision infection or internal fixation failure
was observed. All the patients achieved solid bony fusion.
Twenty-six grade I fusions and 20 grade II fusions were observed
within the follow-up period. One patient managed nonoper-
atively showed angulated healing of C2 fractures lines and local
C2 to 3 kyphosis.
4. Discussion

4.1. AHF as a distinct fracture subtype

In 1985, Levine and Edwards modified the Effendi system and
published the most widely accepted categorization for Hangman
fractures, which not only affords a clear picture of the mechanism
of injury, but also guides the proper treatment for each type
lesion.[1,2,5] However, it usually aims at bilateral pars fractures of
C2 and does not focus on whether fractures involving the
posterior cortex of C2 on 1 or both sides. AHF was first formally
reported in 1993, and the incidence was (32%, 6/19) and AHF
with significant neurologic dysfunction were found in 33% of
patients.[1] Burke and Harris[3] reported 11 (18%, 11/62) and
Samaha et al[4] reported 13 (60%, 13/24) AHF in their series,
respectively. However, both of them did not record the incidence
of neurologic deficit in this kind of lesion. In AL-Mahfoudh
et al[5] study, 68% (28/41) fractures were AHF and 18% (5/28)
with neurologic deficit. In the current study, 74.2% (46/62)
fractures were AHF, and 26% of 46 patients were accompanied
with neurologic deficit. Meanwhile, some other authors
acknowledge these fractures, but they classify these lesions
within a broader context of miscellaneous axis fractures or axis
body fractures.[9,10] In Effendi et al[9] series, even though the
authors were aware that one of their cases was permanently
quadriplegic, they still considered that Hangman fractures were
usually benign, resulting in canal expansion, and were rarely
5

associated with severe neurologic deficit. Benzel classified
some AHF (part of his coronally oriented vertical fractures of C2
vertebral body) as axis body fractures.
We suggest that atypical fracture should be recognized as a

distinct fracture subtype: first, AHF presents with a higher
frequency and a higher incidence of neurologic compromise.[1,4,5]

Second, the fracture patterns of AHF are diverse, and the details
of dealing with themmay be different. Third, the characteristic of
AHF is that the intact ring of C2 vertebrae protecting spinal cord
is destroyed.
4.2. New classification for AHF and its feature

In our study, all the 4 types of Levine–Edward were identified,
and even more important, we found not just 4 different fracture
patterns of AHF but also features of each types: pattern of type A
fracture was featured with 1 fracture involving of posterior
cortex of C2 on 1 side and another through either the pars (A1) or
lamina (A2) on the other side, and the 1st fracture pattern (type
A1) was associated with the highest incidence (59%, 27/46); the
2nd fracture pattern (type A2), which might demonstrate a more
rotational injury force compared with type A1 fracture, was
accompanied by a higher incidence of neurologic deficit. We
assume that type A fractures are produced with the combined
forces of traditional components that cause typical Hangman
fractures and a rotational component, and the rotational injury
force in type A2 fracture might be stronger compared with that in
type A1.
The last 2 fracture patterns (type B1 and B2) involved with

bilateral fracture lines through the posterior cortex of C2;
although the location and extent of fracture lines were different,
they usually caused damage to the integrity of spinal canal in the
C2 level, which might produce canal compromise, resulting in
neurologic deficit. We hypothesize that type B fractures are
produced with the combined forces of components that cause
typical Hangman fractures, a rotational component, and a
vertical compression that impact the parietal region of the head,
and with the vertical compression force blocked by C2/3 facet
joints, the complex of forces cause fractures in front of neural
arch of axis. Besides, and the rotational injury force in type B2

http://www.md-journal.com
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fracture should also be stronger compared with that in type B1.
Therefore, our classification is based on the feature of fracture
patterns, injury mechanism, incidence, and their impact on
neurologic deficit to help to further the understanding of these
fractures, and it may be used to establish guidelines for
appropriate surgical treatment as we described our experience
as above. We acknowledge the fact that the Levine–Edwards
classification scheme for Hangman fractures is the most widely
accepted, comprehensive, and consummate until now, and it is
also applicable to AHF. Therefore, our AHF classification should
be considered to be complementary one. We carefully suggest
that patients with Hangman fractures should be classified as
Levine–Edward different types (I, II, IIa, and III) basically;
second, CT scans of the cervical spine should be used to
determine whether the lesions are typical or atypical (AHF);
finally, if the injury was AHF, it should also be divided into 1 of 4
types (type A1, A2, B1, and B2) devised by us to clarify this lesion
further.
AL-Mahfoudh et al[5] conducted a similar study, but there were

no Levine–Edward type III fractures. In their study, 68% (28/41)
fractures were AHF, with 12 fractures (43% of 28 cases) involved
the C2 body on 1 side and a fracture of the contralateral posterior
element (pars or lamina) and 16 fractures showed a coronally
orientated fracture through the body of C2 anterior to the pars
interarticularis. Based on these fracture patterns, the authors also
made a classification for AHF, which had some obvious
drawbacks: it was just based on different fracture patterns,
without all the 4 types of Levine–Edward; some of coronally
orientated fractures should be recognized as axis body fractures
not as Hangman fractures, because these fractures just caused
spinal canal intact in the C2 level.
4.3. Treatment strategy for AHF

Just like management of Hangman fractures, the ideal strategy for
AHF remains controversial.[1–5,11–14] Some literatures reported
that these fractures treated with collar or halo instead of surgery
demonstrated good outcome/high healing rate, but many of them
neglected the drawbacks with conservative treatment, including
residual pain, residual deformities (kyphosis or anterior translation
of C2–C3), and long time of immobilization in a halo orthosis or
traction devices, especially for unstable fractures.[11,13] To resolve
the problem of conservative treatment for these unstable injuries,
early surgical treatment forunstable fractures hasbeen increasingly
used and reported in many countries.[7,14–18]

Our experience are listed as follows: first, Levine–Edwards
classification is also applicable to AHF, and type II, IIa, and III
lesions usually are unstable, and these injuries are better to be
treated with surgical fixation; second, AHF of type I with
neurologic deficit should be considered as neurologic instability
and should be treated with surgical fixation; third, AHF of type I
without neurologic compromise should be evaluated using MRI
whether these lesions are stability or not, and if both the anterior
longitudinal ligament and the disc at the C2 to 3 level ruptured, it
is recognized as C2 to 3 level instability. Finally, for our patients
who need rigid immobilization, we prefer surgical fixation
because it can provide a short treatment duration.
Various operations for unstable Hangman fractures are

available, including anterior, posterior, and both anterior and
posterior approach.[7,13–18]We carefully suggest that posterior C2
to C3 LSR technique may be an effective and reliable option for
these unique injuries, becauseC2 lag screwswithdifferent lengthof
partial thread (C2 lag screws is partial thread screw in the anterior
6

part, and the length of partial thread is different adapting to
variable conditions) can do the best to deal with these asymmetric
injuries.[7] Although, theoretically, posterior C2 to C3 LSR is an
ideal choice, if the attempt failed, we recommend individual
strategy, such as extensive arthrodesis from C1 to C3, or anterior
surgery to avoid and decrease the operation risks.[13–15,19]
4.4. Limitations

Some limitations of our study should be mentioned. First,
although it includes a prospectively maintained database of 10
years and the largest sample focusing on AHF until now, the
present study is still a retrospective, small sample size, and
nonmulticenter study. Another limitation of the current study is
that we did not find AHF with odontoid fracture or with severe
comminuted fractures of C2 body or some more complex
injuries.[20] Finally, we believe that the injury mechanism of AHF
is more complex than we discussed and we previous thought;
however, the complex thing itself makes it is necessary to further
explore the issue. This is a preliminary study, and we look
forward to more studies focusing on this issue by other authors.
Meanwhile, we expect that prospective, large sample size, and
multicenter studies are conducted to confirm and modify our
finding.
5. Conclusion

AHF should be recognized as a distinct fracture subtype. The new
classification for AHF is based on the feature of fracture patterns,
injury mechanism, incidence, and their impact on neurologic
deficit. And the new classification is complementary to Levine–-
Edwards.
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