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Management ofHangman’s Fractures: A Systematic Review

Hamadi Murphy, MD,* Gregory D. Schroeder, MD,* Weilong J. Shi, MD,*
Christopher K. Kepler, MD, MBA,* Mark F. Kurd, MD,* Andrew N. Fleischman, MD,*
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Background: Traumatic spondylolisthesis of the axis, is a common
cervical spine fracture; however, to date there is limited data
available to guide the treatment of these injuries. The purpose of
this review is to provide an evidence-based analysis of the literature
and clinical outcomes associated with the surgical and nonsurgical
management of hangman’s fractures.

Methods: A systematic literature search was conducted using
PubMed (MEDLINE) and Scopus (EMBASE, MEDLINE, COM-
PENDEX) for all articles describing the treatment of hangman’s
fractures in 2 or more patients. Risk of nonunion, mortality, compli-
cations, and treatment failure (defined as the need for surgery in the
nonsurgically managed patients and the need for revision surgery for
any reason in the surgically managed patients) was compared for
operative and nonoperative treatment methods using a generalized
linear mixed model and odds ratio analysis.

Results: Overall, 25 studies met the inclusion criteria and were
included in our quantitative analysis. Bony union was the principal
outcome measure used to assess successful treatment. All studies
included documented fracture union and were included in statistical
analyses. The overall union rate for 131 fractures treated nonsurgically
was 94.14% [95% confidence interval (CI), 76.15–98.78]. The overall
union rate for 417 fractures treated surgically was 99.35% (95% CI,
96.81–99.87). Chance of nonunion was lower in those patients treated
surgically (odds ratio, 0.12; 95% CI, 0.02–0.71). There was not a sig-
nificant difference in mortality between patients treated surgically
(0.16%; 95% CI, 0.01%–2.89%) and nonsurgically (1.04%; 95% CI,

0.08%–11.4%) (odds ratio, 0.15; 95% CI, 0.01–2.11). Treatment fail-
ure was less likely in the surgical treatment group (0.12%; 95% CI,
0.01%–2.45%) than the nonsurgical treatment group (0.71%; 95% CI,
0.28%–15.75%) (odds ratio 0.07; 95% CI, 0.01–0.56).

Conclusion: Hangman’s fractures are common injuries, and surgi-
cal treatment leads to an increase in the rate of osteosynthesis/fusion
without significantly increasing the rate of complication. Both an
anterior and a posterior approach result in a high rate of fusion,
and neither approach seems to be superior.

Key Words: Hangman’s fracture, traumatic spondylolithesis, C2
fracture, upper cervical spine fracture, axis fracture
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INTRODUCTION
Traumatic spondylolisthesis of the axis, also commonly

know by its eponym, a hangman’s fracture, is due to a bilateral
fracture of the C2 pars interarticularis. These injuries account
for 4%–7% of all cervical spine fractures and 20%–22% of
axis fractures.1–3 In 1965, Schneider coined the term “Hang-
man’s fracture” to describe this fracture pattern because of the
similarities seen in the fractures associated with judicial hang-
ings4; however, it has been found that this fracture pattern is
only seen in about 10% of injuries associated with hangings.5

Since then, several classification schemes for hangman’s frac-
tures have been developed that help guide treatment deci-
sions. The original classification system was first developed
by Effendi and later modified by Levine and Edwards.6

The Levine-Edwards classification system is the most
used classification system, and it classifies fractures based on
the mechanism of injury. Type I fractures are the result of
a hyperextension-axial loading force, whereas type II fractures
most likely result from a combined hyperextension-axial
loading force, with an additional anterior flexion and compres-
sion force. Type IIA and type III fractures are the result of
a primary flexion force.6 Type I injuries are considered stable,
whereas type II, IIA, and III injuries are unstable as they usu-
ally involve ruptures of the C2/3 disk and anterior and posterior
longitudinal ligament involvement (Fig. 1). In addition to these
fracture types, there is an atypical variant first identified by
Starr and Eismont.7 In the atypical variant, the fracture produ-
ces canal compromise rather than canal expansion.7

Although hangman’s fractures are a relatively common
fracture, there is a paucity of high-quality studies available on
this injury to help establish an evidence-based treatment

Accepted for publication June 21, 2017.
From the *Department of Orthopaedic Surgery, The Rothman Institute,

Thomas Jefferson University, Philadelphia, PA, USA; †Center for Spine
Surgery and Neurotraumatology, BG Unfallklinik Frankfurt amMain, Frank-
furt, Germany; ‡Swedish Neuroscience Institute, Swedish Medical Center,
Seattle, WA, USA; and §Spine Unit, Department for Orthopaedics and
Traumatology, Inselspital, University of Bern, Bern, Switzerland.

C. K. Kepler receives research support from Biomet, Medtronic, and Pfizer and
is on the editorial board of Clinical Spine Surgery. M. F. Kurd receives
stock or stock options from Duratap, LLC, research support from
Innovative Surgical Designs and is an ISASS Board Member and paid
consultant for Stryker. The remaining authors report no conflict of interest.

Supplemental digital content is available for this article. Direct URL citations
appear in the printed text and are provided in the HTML and PDF versions
of this article on the journal’s Web site (www.jorthotrauma.com).

Reprints: Gregory D. Schroeder, MD, Department of Orthopedic Surgery,
Thomas Jefferson University and the Rothman Institute, 925 Chestnut St,
5th Floor, Philadelphia, PA 19107, USA (e-mail: gregdschroeder@gmail.
com).

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.
DOI: 10.1097/BOT.0000000000000952

S90 | www.jorthotrauma.com J Orthop Trauma � Volume 31, Number 9 Supplement, September 2017

Copyright � 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

http://www.jorthotrauma.com
mailto:gregdschroeder@gmail.com
mailto:gregdschroeder@gmail.com


algorithm. Conventional practice dictates that stable type I
injuries can be treated nonsurgically with either a hard collar
or rigid immobilization,8 whereas unstable fractures may ben-
efit from surgical intervention.9 The purpose of this review is
to provide an evidence-based analysis of the literature and
clinical outcomes associated with the surgical and nonsurgical
management of hangman’s fractures.

MATERIALS AND METHODS
The optimal treatment for hangman’s fractures was eval-

uated through an evidence-based systematic review of the liter-
ature. The literature search was conducted using PubMed
(MEDLINE) and Scopus (EMBASE, MEDLINE, COMPEN-
DEX). The search was performed using various combinations of
the search terms “axis, cervical,” “vertebra, injuries,” “vertebra,
surgery,” “spinal fractures,” “spondylolisthesis,” “Hangman’s
fracture,” “Traumatic spondylolisthesis of axis,” “Traumatic
spondylolisthesis of C2,” “C2 pars interarticularis fracture,”
“Cervical spondylolisthesis,” “ACDF,” “anterior cervical discec-
tomy and fusion,” “rigid cervical collar,” “halo,” “posterior fix-
ation and fusion.” The search returned 2904 results after
removing duplicates. The title and abstract of each study was

screened initially for relevance, and then full-text manuscripts
were reviewed against specific inclusion criteria by 2 indepen-
dent reviewers (H.A.M. and W.J.S.). This resulted in 22 articles
that met the inclusion criteria and were included in our study. In
addition, the reference lists of all articles included were reviewed
to ensure a comprehensive search had been completed. This
resulted in an additional 3 articles (Fig. 2).

In the circumstances that multiple studies reported on the
same patient cohort, the most recent study was included in our
analysis. The 25 studies selected based on the above methods
were used as evidence for this review. All studies were
assigned a level of evidence using the evidence grading tool
developed by the Centre for Evidence-Based Medicine in
Oxford, United Kingdom.10 In addition, we conducted a bias
analysis of all studies included with the criteria recommended
by the Cochrane Back Review Group, and studies were con-
sidered to have an overall low risk of bias when at least 6 of the
individual criteria were determined to have a low risk of bias.11

INCLUSION AND EXCLUSION CRITERIA
The principal requirement for inclusion was the report-

ing of data describing the treatment of hangman’s fractures in

FIGURE 1. Visual representation of
Levine-Edwards fracture classifica-
tion. (A) Levine/Edwards type 1, (B)
type II, (C) type IIA, and (D) type III.
Arrows demonstrate the direction of
displacement.
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2 or more patients. This review included studies reporting all
4 classes of hangman’s fractures, Levine-Edwards types I, II,
IIA, and III, as well as those associated with additional in-
juries to the spine. All literature published in English as well
as non-English studies that were readily available and trans-
lated into English were included. Studies were excluded if
they did not provide at least minimal details regarding frac-
ture classification, treatment (surgical or nonsurgical), and
outcome (bony union rate). The review was limited to adults
older than 18 years. Studies using cadavers, nonhuman sub-
jects, or laboratory simulations were excluded. In addition,
studies without a clear methodology were excluded.

STATISTICAL ANALYSIS
The only consistently reported outcome measure in all

studies was fracture union or the lack thereof, referred to by
various terms including pseudarthrosis, nonunion, or fibrous
union. Risk of nonunion, mortality, complications, and treat-
ment failure (defined as the need for surgery in the nonsurgically
managed patients and the need for revision surgery for any
reason in the surgically managed patients) was compared for
operative and nonoperative treatment methods using a general-
ized linear mixed model and odds ratio analysis. It was the
intention of the authors to also compare patients based on the
Levine-Edwards Types; however, the existing literature was not
sufficient to perform a meaningful subgroup analysis.

RESULTS
Overall, 25 studies met the inclusion criteria and were

included in our quantitative analysis. These 25 articles reported
hangman’s fractures treated either surgically or nonsurgically.

Of the studies included, there were 19 level III studies and 6
level IV studies. Out of the 25 studies included, none had an
overall low risk of bias (see Appendix A, Supplemental Dig-
ital Content 1, http://links.lww.com/JOT/A46). A total of 548
fractures are included in our analysis (Table 1). The mean age
of all cases is 38.2 (range 18–82) years. Of the 548 fractures,
46 (8.4%) were identified as type I, 228 (41.6%) were type II,
89 (16.2%) were type IIA, and 35 (6.4%) were type III frac-
tures using the Levine-Edwards classification. One hundred
fifty (27.4%) fractures were not broken down by classification.
One hundred thirty-one (24%) cases were treated nonsurgically
and 417 (76%) were treated surgically.

The most commonly used method of nonsurgical
treatment was the halo vest, which was used in 86 (15.7%)
cases. The Minerva jacket and hard collar were used in the 45
(8.2%) remaining cases treated nonsurgically. No difference
in union rate, mortality rate, treatment failure, or complica-
tions was seen in patients treated with a rigid cervical orthosis
versus a halo vest (Table 2).

In the literature, surgical procedures were documented as
anterior cervical discectomy and fusion (ACDF), posterior
fixation and fusion, or the combined anterior–posterior
approach. Two hundred (36.5%) fractures were treated with an
ACDF, 193 (35.2%) were treated with a posterior fixation and
fusion, and 24 (4.4%) fractures were treated with a combined
anterior–posterior approach. Similar to the nonoperative data, no
difference in union rate, mortality rate, treatment failure, or
complications was seen in the different surgical groups (Table 3).

Bony union was the principal outcome measure used to
assess successful treatment. All studies included documented
fracture union and were included in statistical analyses. The
overall union rate for 131 fractures treated nonsurgically was
94.14% [95% confidence interval (CI), 76.15–98.78]. The over-
all union rate for 417 fractures treated surgically was 99.35%
(95% CI, 96.81–99.87). Chance of nonunion was lower in those
patients treated surgically (odds ratio, 0.12; 95% CI, 0.02–0.71).

There was not a significant difference in mortality between
patients treated surgically (0.16%; 95% CI, 0.01%–2.89%) and
nonsurgically (1.04%; 95% CI, 0.08%–11.4%) (odds ratio, 0.15;
95% CI, 0.01–2.11). Treatment failure was less likely in the
surgical treatment group (0.12%; 95% CI, 0.01%–2.45%) than
the nonsurgical treatment group (0.71%; 95% CI, 0.28%–
15.75%) (odds ratio 0.07; 95% CI, 0.01–0.56). In those patients
treated nonsurgically there were 7 reported complications, and in
patients treated with surgery there were 17 reported complica-
tions; because of the lack of consistency in the reporting, and the
scarcity of complications, no statistical analysis was able to be
performed on the individual complications, but the raw data are
presented in Table 4. A mixed-effect poisson model was used to
calculate the overall rate of expected complications per patient.
For nonsurgical patients there were 0.13 (95% CI, 0.015–1.10)
expected complications per patient and for those treated surgi-
cally, 0.087 (95% CI, 0.019–0.403) complications expected per
patient. This difference was not significant (P = 0.675).

DISCUSSION
A thorough search and review of the literature on

hangman’s fracture outcomes was completed to provide

FIGURE 2. Schematic representation of the literature search
performed.
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evidence-based decisions in their treatment. Our study indi-
cates that surgery significantly improves the rate of osteosyn-
thesis or fusion and is not associated with an increase risk of
mortality or complications. Although this study was unable to
separate patients by fracture type, this finding is especially
important, as it is probable that the fractures that were treated
surgically were more severe injuries, and thus at a higher risk
of nonunion at the time of the injury than those treated non-
operatively. Furthermore, this study finds no difference in any
outcome measure based on the type of surgery performed or
the type of nonoperative treatment used.

The current analysis of the literature on hangman’s frac-
tures included literature from 2000 and onward; this time frame
was done because there were significant advances in segmental
posterior cervical instrumentation that had gained wide spread
acceptance by 2000, and so including literature before 2000
may have significantly biased the literature against posterior
cervical fixation. Before the development of segmental poste-
rior fixation, multiple studies reported the efficacy of nonoper-
ative treatment and stratified the results by the fracture type.
It was the authors’ intention to stratify treatment based on
the Levine and Edwards fracture type; however, very few

TABLE 1. Treatment and Outcome of Hangman’s Fractures: Cases Reported in the Literature

References
Level of
Evidence

Total
Patients
(M/F)

Mean Age
(Range)

Mean
Follow -Up,

mo Nonsurgical/Surgical
Union/

Nonunion
Treatment
Failure Deaths

Boullosa et al18 4 10 (8/2) 35.7 (21–52) 27.8 none/10 PCDF 10/0 0 0

Dalbaryak et al19 4 4 (3/1) 34 (23–47) 24 none/4 PCDF 4/0 0 0

Elmiligui et al20 3 15 (9/6) 37 (22–61) 32 none/15 PCDF 15/0 0 0

Ge et al1 3 38 (25/13) 37.6 (19–65) 42 none/24 ACDF, 14 PCDF 38/0 0 0

Hakalo et al (2008) 3 8 (*/*) 27 (18–47) 28 none/8 PCDF 8/0 0 0

Jeong et al21 3 13 (8/5) 43 (18–64) 17.2 none/13 PCDF 13/0 1 0

Li et al22 3 38 (20/18) 42.8 (20–69) 49.2 none/38 ACDF 36/2 0 0

Liu et al15 4 13 (10/3) 39.4 (23–48) 12 none/1 ACDF, 12 Ant-post 13/0 0 0

Ma et al16 4 35 (21/14) 45 (21–71) 44 none/35 PCDF 35/0 0 0

Moon et al23 4 20 (*/*) *(26–57) 12 none/16 ACDF, 4 PCDF 20/0 0 0

Muller et al13 4 37 (*/*) 37.6 (18–70) 44.2 16 rigid orthosis, 15 Halo/2
ACDF, 5 PCDF, 1 Ant-Post

33/1 5 0

Rajasekaran et al24 3 20 (18/2) 38 (18–63) 29 none/20 ACDF 18/2 0 1

Ramieri et al25 3 16 (13/3) 33.7 (19–53) 32 11 Halo, 5 rigid orthosis/none 16/0 0 2

Robertson et al26 3 36 (24/12) 46 (18–82) 45.6 27 Halo, 9 rigid orthosis/none 36/0 4 0

References
Level of
Evidence

Total Patients
(M/F)

Mean Age
(Range)

Mean Follow
-Up, mo

Nonoperative/
Operative

Union/
Nonunion

Treatment
Failure Deaths

Salunke et al27 3 11 (8/3) 28.8 (18–40) 24.8 2 Halo/9 PCDF 8/3 1 0

Samaha et al28 3 24 (13/11) 40 (18–75) 13 15 rigid orthosis/9
PCDF

23/1 0 0

Shin et al29 3 23 (15/8) 46.4 28.9 none/23 PCDF 23/0 0 0

Taller et al30 3 10 (8/2) 44.8 (21–71) 33.3 none/10 PCDF 10/0 0 0

Tian et al31 3 14 (11/3) 38.2 (21–59) 28.7 none/14 PCDF 14/0 0 0

Vaccaro et al14 3 31 (16/15) 38.3 (19–77) 17 31 Halo/none 25/6 0 0

Wang et al32 3 11 (8/3) 34 (20–62) 17 none/11 ACDF 11/0 0 0

Wei et al33 3 49 (30/19) 40.9 (26–49) 50.3 none/49 ACDF 49/0 0 0

Ying et al34 3 30 (19/11) 32 (18–67) 12 none/30 ACDF 30/0 0 0

Xie et al35 3 29 (*/*) 41.4 (24–71) 33.6 none/29 ACDF 29/0 0 0

Wang et al17 3 11 (8/3) 39 (21–56) 30.1 none/11 Ant-Post 11/0 0 0

*Not reported.
PCDF, Posterior cervical decompression and fusion.

TABLE 2. Treatment of Hangman’s Fractures: Patients Treated Nonsurgically

Treatment Method No. Patients Union/Nonunion Treatment Failure Deaths Complications

Rigid orthosis* 45 42/3 0 0 1

Halo 86 75/11 5 2 6

P 0.38 0.16 0.55 0.42

*Rigid orthosis includes hard collar, Minerva Jacket, and SOMI.
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contemporary studies reported individual patient data with the
type of hangman’s fracture, the treatment, and the success of
the specific patient. Instead, all types of injuries were often
grouped together into operative or nonoperative treatment.
Because of this, it is important to look at the results of this
study in context with the results of classic literature. In a sys-
tematic review that included all PubMed-cited articles between
1966 and 2002, Li et al12 reported that Levine-Edwards type I
injuries had a nonoperative healing rate of 100%, Levine-
Edwards type II had a 60% rate, and type III had less than
a 40% healing rate. These results are important when interpret-
ing the result of the current study that surgical treatment in-
creases the rate of osteosynthesis/fusion by 9-fold. Given the
fact that type I injuries have a healing rate approaching 100%
with nonoperative treatment, it is unlikely that surgical inter-
vention improves this; conversely, the effect of surgery may be
underestimated in the current study for type II, IIa, and III
fractures, as the analysis also included type I factures.

When surgery is performed, this study found no
difference in fusion rates, complications, mortality, or treatment
failure when patients are treated with an ACDF, a posterior
fusion or a combined anterior–posterior fusion. Because of this,

the approach should be determined based on surgeon and
patient factors. In the authors practice, if a C2 pedicle screw is
possible with the intended goal of lagging back the C2 verte-
bral body, an isolated bilateral C2 pedicle construct or a C2-C3
posterior cervical fusion is performed; however, if the fracture
is so severe that C2 pedicle screws are not possible, in a young
patient a C2-3 ACDF is performed, and in an elderly patient
a C1-C3 posterior cervical fusion is performed.

There are significant limitations to this study, includ-
ing all of those inherent to any systematic review. Specif-
ically, the results of this analysis are only as accurate as the
existing literature, and none of the 25 studies included had
an overall low risk of bias. Furthermore, only 2 prospective
studies are available on the treatment of hangman’s fractures
in the contemporary literature. Another significant limitation
is the lack of individual patient data reported in the litera-
ture, and this prevented a meaningful subgroup analysis on
how fracture type affects healing. Furthermore, complica-
tions were sparsely reported. It is likely that the analysis
of the complications is accurate for major complications
but does not reflect the development of minor complications.
In the 25 studies included in the study, there were no reports
of dysphagia/dysphonia after an ACDF, and only a single
pin site infection from the use of a halo was reported.

CONCLUSION
Hangman’s fractures are common injuries, and surgical

treatment leads to an increase in the rate of osteosynthesis/
fusion without significantly increasing the rate of complica-
tion. Both an anterior and a posterior approach result in a high
rate of fusion, and neither approach seems to be superior. The
choice of anterior versus posterior should be made on a patient
and surgeon specific basis.
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