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a  b  s  t  r  a  c  t

Background:  Hangman’s  fractures  account  for  15%  to  20%  of  all cervical  spine  fractures.  The  grading  system
developed  by  Effendi  and  modified  by  Levine  and Edwards  is  generally  used  as  the  basis  for  management
decisions.  Nonetheless,  the  optimal  management  remains  controversial.  The  objective  of  this  study  was
to describe  the  treatments  used  in  France  in patients  with  hangman’s  fractures.  The  complications  and
healing  rates  were  analysed  according  to the  fracture  type  and  treatment  used.
Hypothesis:  Among  patients  with  hangman’s  fracture,  those  with  disc damage  must  be  treated  surgically.
Material  and  methods:  A  prospective,  multi-centre,  observational  study  was  conducted  under  the  aegis
of  the  French  Society  for Spine  Surgery  (Société  Franç aise de  Chirurgie  Rachidienne,  SFCR).  Patients  were
included  if they  had  computed  tomography  (CT) evidence  of  hangman’s  fracture.  Follow-up  data  were
collected  prospectively.  Fracture  healing  was  assessed  on  CT  scans  obtained  3 and  12  months  after  the
injury.  The  type  of  treatment  and  complications  were  recorded  routinely.
Results:  We  included  34  patients.  The  fracture  type  according  to  Effendi  modified  by  Levine  and  Edwards
was  I in 68%  of  patients,  II in 29%  of  patients,  and  III in a single  patient  (3%).  The  treatment  was  non-
operative  in  21 (62%)  patients  and  surgical  in  11  (32%).  All  28 patients  re-evaluated  after  1  year  had
evidence  of fracture  healing.  The  remaining  6 patients  were  lost  to  follow-up.

Conclusion:  Hangman’s  fracture  is  associated  with  low  rates  of mortality  and  neurological  complications.
Non-operative  treatment  is  appropriate  in Type  I hangman’s  fracture,  with  a 100%  healing  rate  in our
study.  Types  II  and  III are  characterised  by  damage  to  the  ligaments  and  discs  requiring  either  anterior
C2-C3  fusion  or posterior  C1-C3  screw  fixation.
Level of evidence:  III.
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. Introduction

C2 fractures are the most common form of cervical spine injury.
heir age distribution is bimodal with a peak associated with high-
nergy traumatic events between 20 and 30 years of age and
nother peak associated with lower-energy trauma between 70 and
0 years of age.

C2 fractures can be roughly divided into three categories [1]:
ractures of the dens (the most common), hangman’s fracture
nvolving both pedicles, and atypical fractures (e.g., involving the
ertebral body, unilateral, or complex). Hangman’s fracture (or
ilateral pars interarticularis fracture of C2) is caused by either
yperextension and distraction or hyperextension and compres-
ion. The term “hangman’s fracture” was coined by Schneider in
965 [2]. Hangman’s fractures account for 15% to 20% of all cervical
pine fractures and are often a component of combined atlanto-
xial injuries [3,4].

The management strategy for hangman’s fracture remains con-
roversial. Treatment decisions are based in part on the type of
racture in the classification devised by Effendi and modified by
evine and Edwards [5,6].

Type I is the most common. Anterior displacement of C2 on C3
s less than 3 mm,  and there is little or no angulation relative to
he neural arch. The C2-C3 disc is intact. Neurological and vascular
njuries are extremely rare. The far less common Type IA fractures
onstitute a specific category that was described later on as char-
cterised by a fracture line extending into the body of C2, often
hrough the foramen, potentially threatening the vertebral artery;
nterior C2 displacement is less than 3 mm,  and there is no angu-
ation. The discs and ligaments are intact in Type I fractures.

Type II fractures are characterised by damage to the posterior
ongitudinal ligament and C2-C3 disc with more than 3.5 mm of
nterior C2 displacement on C3 and with angulation relative to
he neural arch. The C2-C3 joint capsules are intact. Neurological
njuries and damage to the vertebral artery may  occur in Type II
ractures. Type 2A is characterised by more than 11◦ of angula-
ion of the C2 body relative to the C2 neural arch and by anterior
isplacement of C2 on C3.

Type III is very often associated with severe neurological
njuries. Destruction of the C2-C3 disc results in complete disloca-
ion of C2 on C3. The neural arch is completely free due to damage
o the posterior capsule.

The management strategy depends on the fracture type and on
he patient’s age and comorbidities. As a rule, non-operative treat-

ent is used if the fracture is stable and surgery if it is unstable. The
est treatment in patients with intermediate degrees of instability
emains debated [7,8].

The objective of this study was to describe the treatments used
n France in patients with hangman’s fractures. The complications
nd healing rates were analysed according to the fracture type and
reatment used. The working hypothesis was that, among patients
ith hangman’s fracture, those with disc damage must be treated

urgically.

. Material and Methods

.1. Study design and patients

This prospective multi-centre observational study of standard
are was conducted under the aegis of the French Society for Spine
urgery (Société Franç aise de Chirurgie Rachidienne, SFCR). Patients

anaged for C2 fractures at the university hospitals in Lyon, Stras-

ourg, Bordeaux, Marseille, Nice, Montpellier, Nîmes, Besanç on,
renoble, Lille, and Dijon (all in France) between July 2014 and
ctober 2015 were identified. No treatment recommendations
urgery & Research 105 (2019) 703–707

were made. The inclusion criterion was  a diagnosis of hangman’s
fracture established by examining computed tomography (CT)
images acquired with bony windowing and processed using
multiplanar reformation.

2.2. Data collection

The data from all the study centres were entered into the same
KEOPS database (SMAIO, Lyon, France). Standardised question-
naires were completed for each patient at admission and at the
follow-up visits 6 weeks and 3, 6, and 12 months after the injury.
The following data were collected prospectively:

• epidemiological data including age, sex, comorbidities, and
American Society of Anesthesiology (ASA) score;

• data on the fracture including the level of the fracture (C2),
whether other vertebrae were fractured also, and the values mea-
sured on the CT scan of the displacement of C2 on C3 and of the
C2-C3 kyphosis;

• data on the treatment, i.e., whether the patients received non-
operative treatment (Minerva brace and monitoring), immediate
surgery (nature of the procedure and postoperative immobilisa-
tion method), or delayed surgery;

• data on complications categorised as general medical, infectious,
neurological, and mechanical;

• mortality.

Healing was assessed 3 months after the injury by examining
a thin-slice (0.6–0.8 mm)  bony-windowed CT scan with coronal,
sagittal, and axial views. In patients managed non-operatively, the
CT findings were used to determine whether use of the Minerva
brace could be discontinued. If fracture union could not be con-
firmed or appeared incomplete after 3 months, fracture healing on
a CT scan obtained 1 year after the injury. At the 1-year time point,
fracture healing was  categorised as complete (no visible fracture
line), incomplete (partial residual fracture line), or absent (non-
union).

2.3. Statistical analysis

The statistical analysis was  performed using SAS software ver-
sion 9.3 (SAS Institute Inc., Cary, NC, USA). The objective was to
assess fracture healing according to age, type of treatment, and type
of fracture. Comparisons of qualitative variables relied on the Chi2

test when the underlying assumptions were met and on Fisher’s
exact test otherwise. For normally distributed quantitative vari-
ables, groups were compared by applying Student’s t test after
checking equality of variances. Non-normally distributed quantita-
tive variables were compared using the non-parametric Wilcoxon
test. All tests were two-tailed, and p-values ≤ 0.05 were taken to
indicate significant differences.

3. Results

3.1. Epidemiological data

Of the 417 patients included in the SFCR study of C1-C2 injuries,
34 (8%) had hangman’s fractures, 22 females and 12 males with
a mean age of 59.1 ± 23 (range, 19–94 years); 23 patients were
younger than 70 years of age at the time of the injury. Hangman’s

fractures accounted for 34 (11.2%) of the 308 C2 fractures.

None of the patients had neurological deficits by physical exam-
ination at admission (Frankel E score), and none had evidence of
vertebral artery injury on the initial imaging studies.
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g anterior C2-C3 fusion by grafting and fixation.
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Fig. 1. Type II fracture (left) managed usin

Of the 34 patients, 12 (35.3%) had comorbidities, including 4
ith heart disease, 4 with hypertension, 3 with a history of vascular

vents, and 1 with respiratory failure.

.2. Fracture types

Mean anterior displacement of C2 on C3 was 1.5 ± 1.9 mm
range, 0–9 mm).  In 50% of patients, the displacement was  between

 and 2 mm.  Mean C2-C3 kyphosis due to the fracture was  4.1 ± 6.9◦

range, 0–30◦). In 50% of patients, C2-C3 kyphosis was between 0◦

nd 5◦. According to the Effendi-Levine/Edwards classification, the
racture type was I in 23 (68%) patients, II in 10 (29%) patients, and
II in 1 (3%) patient.

.3. Management

.3.1. Non-operative treatment
Of the 34 patients, 21 (62%) were managed only non-operatively,

y a Minerva brace with support on the sternum, chin, and occiput.
 rigid brace was used in 16 (84%) and a semi-rigid brace in 3 (16%)
f these patients. In this subgroup, mean anterior C2 displacement
as 0.7 mm (range, 0–1 mm)  and mean C2-C3 kyphosis was 0.9◦

range, 0–1◦). The fracture type was I in 20 patients and II in 1
atient.

.3.2. Surgery
Surgery was the only treatment used in 11 (32%) of the 34

atients. Of these 11 patients, 8 had an ASA score ≤ 2. Mean ante-
ior displacement of C2 was 3.7 mm (range, 2–4 mm)  and mean
2-C3 kyphosis was 11.6◦ (range, 5–14◦). The fracture type was  I in

 patients, II in 8 patients, and III in 1 patient.
In 4 (36.4%) of the 11 patients, surgery consisted in C2-C3 fusion

sing a cage or iliac crest graft and plate fixation via the anterior
pproach (Fig. 1). The remaining 7 patients were managed by poste-
ior C1-C3 screw fixation (Fig. 2). A combined anterior and posterior
pproach was never used.

.4. Non-operative treatment followed by surgery

During follow-up, 2 patients initially treated with Minerva
racing subsequently required anterior C2-C3 fusion. Anterior C2
isplacement and C2-C3 kyphosis were 0 mm and 5◦ in 1 of these
atients and 3.5 mm and 17◦ in the other.

.5. Complications
During follow-up, 2 of the 34 patients experienced com-
lications. In 1 of these patients, who had been managed by
osterior fixation, a surgical-site infection required surgical irriga-
ion and appropriate antibiotic therapy, which ensured a favourable
Fig. 2. Posterior C1-C3 fusion.

outcome. The other patient experienced pulmonary oedema during
the postoperative period.

No patient exhibited neurological complications during follow-
up. No deaths were recorded. None of the patients managed
surgically (whether by the posterior or the anterior approach) expe-
rienced mechanical issues related to the fixation material.

3.6. Healing rate
Fracture healing was  assessed on a CT scan obtained 3 months
after the injury. A second CT scan was  obtained 1 year after the
injury if the fracture was not healed after 3 months. In the over-
all population, the CT findings after 3 months indicated complete
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ealing in 10 patients, including 4 managed by anterior fusion, 4
y posterior fusion, and 2 using a Minerva brace.

After 1 year, the fracture was healed in 28 (82%) of the 34
atients. Healing was complete in 22 patients and incomplete, with
artial visibility of the fracture line on the CT scan, in 6 patients. The
emaining 6 patients were lost to follow-up. Healing was  achieved
n all the patients with non-operatively treated Type I fractures.

Due to the absence of patients with CT evidence of non-union,
ome statistical comparisons were not feasible. Thus, in the overall
opulation of 28 patients re-evaluated after 1 year, fracture heal-

ng was consistently achieved, and it was therefore not possible to
ssess any potential effect of age (≤70 vs. >70 years), initial anterior
2 displacement, type of treatment (non-operative vs. surgical),
nd approach (anterior vs. posterior).

. Discussion

Hangman’s fractures account for 15% to 20% of cervical spine
njuries. This fracture type was first described in individuals sen-
enced to death by hanging but is now more often due to seatbelt
oading during traffic accidents [7,9]. The mortality rate in patients

ith hangman’s fracture due to any cause is 7% at the most [5].
Management decisions in patients with hangman’s fracture are

hiefly based on the findings from a CT scan of the cervical spine
cquired using a bony window, which allows a detailed evaluation
f the fracture type according to Effendi-Levine/Edwards [7]. The
T scan may  show concomitant lesions, notably of C1 and the C1-C2

unction [3].
The current recommendation is to also obtain a magnetic

esonance imaging (MRI) scan with STIR sequences in order to
ccurately assess damage to all tissues, including the discs and lig-
ments [9–11]. Furthermore, if the fracture line runs through the
ransverse foramen or if the anterior displacement of C2 exceeds
.5 mm,  CT-angiography is recommended to look for concomitant

njuries to the vertebral arteries [12].
The evaluation of fracture stability based on the Effendi-

evine/Edwards classification guides the choice between non-
perative and surgical treatment [6].

Non-operative treatment should be reserved for Type I fractures,
hich are stable, in patients free of neurological abnormalities.
on-operative treatment in this indication has produced good
utcomes with high healing rates. The abundant blood supply to
he C2 lateral masses and their chiefly cancellous composition

ay  explain the effectiveness of non-operative treatment [7,9,13].
everal rules should be followed to optimise healing rates. Thus,
inerva bracing should be reserved for patients in whom both

nterior displacement of C2 and C2-C3 kyphosis are absent or mini-
al. A halo can be used when there is a small anterior displacement

nd minimal degree of kyphosis but requires close follow-up to
onitor fracture healing and to determine whether surgical treat-
ent is required.
The surgical treatment of hangman’s fractures remains poorly

tandardised. None of the available clinical studies showed signif-
cant differences in outcomes or complication rates between the
arious types of anterior and/or posterior fusion. In published stud-
es, posterior fixation seems to have been used more often for Type
I and Type IIA fractures. For Type III fractures, anterior and pos-
erior fusion seem to have been used in similar proportions of
ases [7,14–16]. In our study, the time to healing was  shorter in
he patients managed with anterior fusion, although the difference
ith posterior fusion was not statistically significant.
A biomechanical in vitro study compared the mechanical
trength of posterior fusion by C2-C3 screw fixation, ante-
ior H-plate fixation, and anterior locking plate fixation in
uman cadavers [17]. The constructs were subjected to cycles of
urgery & Research 105 (2019) 703–707

flexion-extension, lateral inclination, and axial rotation, after which
C2-C3 motion ranges were measured. The two  anterior fusion
methods were associated with greater stiffness, suggesting that
posterior transpedicular fixation according to Judet may  be best
reserved for C2-C3 injuries with no damage to the discs or liga-
ments.

In our population, 4 patients were managed with anterior fusion
and 7 with posterior fusion (C2-C3 or C1-C3). We  found no sig-
nificant difference between anterior and posterior fusion. Screw
fixation of fractured and displaced C2 pedicles seems challenging
and hazardous. C1-C3 fusion may  be excessive and unnecessary in
most cases.

Published data indicate that the anterior approach not only
provides better dynamic stabilisation but also prevents delayed
neurological compromise related to post-traumatic disc herniation.
Other advantages include a lower risk of intra-operative vertebral
artery injury [5–7,10,15,18] and preservation of C1-C2 mobility
and, therefore, of most of the movements at the cervical spine [7].

Several posterior fixation techniques have been reported and
are currently used. Transpedicular screw fixation of C2 is the most
popular, because it is perceived as more closely restoring nor-
mal  anatomy. Simple C2 transpedicular screw fixation preserves
mobility at all the cervical spine segments but fails to correct C2-
C3 instability. In several case-series studies, healing rates were
above 90% with this technique. The main risk is injury to the ver-
tebral artery [7,19,20]. We  believe that C2 transpedicular screw
fixation used alone has virtually no indications now, as the situa-
tion in which this technique is appropriate, i.e., hangman’s fracture
without C2-C3 instability, consistently responds to non-operative
treatment.

The other posterior fixation technique is C1-C3 pedicle screw
fixation. This technique is less often used because it requires a
more extensive approach. It blocks the C1-C2 joint, thereby con-
siderably restricting range of motion, particularly in rotation C1-C2
[7]. Percutaneous screw fixation techniques navigated using 3D
intra-operative imaging are being developed and may  prove of
considerable interest for decreasing the risk of screw malposition,
while also diminishing the complication rate, due to the smaller
incision and muscle detachment [20,21].

The limitations of this study include the small sample size and
observational design. Nevertheless, our results suggest a number of
recommendations regarding the management of hangman’s frac-
tures. In patients with Type I fractures, non-operative treatment
provides excellent healing rates and is therefore reasonable. Pri-
mary anterior C2-C3 fusion ensures healing in patients with Type
II or III fractures.

5. Conclusion

Mortality is low and neurological complications are uncommon
in patients with hangman’s fractures. Surgical decisions rest on
an assessment of fracture displacement and of concomitant dam-
age to the discs and ligaments. Surgery is mandatory in patients
with residual displacement after closed reduction and in those with
damage to discs and/or ligaments.
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