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Introduction: Hangman’s fracture, also known as traumatic spondylolisthesis of the axis, is defined as a bilateral fracture of the C2 
pars interarticularis. In 1965, Schneider used this term to describe a pattern of similarities seen in fractures associated with judicial 
hangings. However, this fracture pattern is only observed in approximately 10% of injuries associated with hangings.
Case Report: We present a case of an atypical hangman’s fracture caused by a headlong dive into a swimming pool and striking the 
pool’s bottom. The patient had undergone surgery at another centre, where posterior C2-C3 stabilisation was performed. Due to the 
presence of screws in the C1-C2 joint spaces, the patient could not perform rotational movements of the head. Anterior stabilization to 
prevent C2 dislocation against C3 was also not performed, and appropriate spinal stability was not ensured. Our decision to reoperate 
was motivated, among other factors, by our intention to restore rotational head movements. The revision surgery was performed from 
both an anterior and posterior approach. After the surgery, the patient was able to rotate his head while maintaining cervical spine 
stability. The case presented here represents not only a unique example of an atypical C2 fracture but also highlights a fixation 
technique that provided the necessary stability for successful fusion. The utilized method restored functional rotational movement of 
the head, thus preserving the patient’s quality of life, which is of paramount importance considering the patient’s age.
Conclusion: The decision-making process regarding the technique for treating hangman’s fractures, especially atypical fractures, 
should account for the patients’ quality of life after the operation. The preservation of as much of the physiological range of motion as 
possible with maintained spinal stability should be the goal of therapy in every case.
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Introduction
Hangman’s fracture, also known as traumatic spondylolisthesis of the axis, is characterized by a bilateral fracture of the C2 
pars interarticularis.1,2 Initially described by Schneider in 1965, this fracture pattern was associated with judicial hangings.3 

However, further research indicates that this specific pattern is observed in only approximately 10% of hangings-related 
injuries.4,5 In this case report, we present an atypical Hangman’s fracture resulting from a headlong dive into a swimming 
pool, causing impact with the pool’s bottom. The patient had previously undergone surgery at another center. Our decision 
to perform a reoperation was primarily driven by the goal of restoring rotational head movements while maintaining 
cervical spine stability. This case represents a rare instance of an atypical Hangman’s fracture and highlights the 
effectiveness of a fixation technique that provided the necessary stability for successful fusion. By employing this method, 
we successfully restored functional rotational movement of the head, significantly preserving the patient’s quality of life, 
particularly given their age. It is important to note that the scientific literature lacks well-defined management protocols for 
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atypical Hangman’s fractures, underscoring the need to present innovative solutions that ensure adequate stability and 
promote fusion while prioritizing patients’ quality of life.

Case Report
A 25-year-old patient presented for a neurosurgical consultation concerned about his health. His history included 
a headlong dive into a swimming pool during the holidays two weeks previously. The dive resulted in a fracture of 
the cervical spine. The patient underwent surgery where he was staying for his holidays. Posterior stabilization of the 
cervical spine was performed. The patient was wearing a cervical collar, and the surgical wound still had not healed, with 
the sutures not yet removed. The patient demonstrated no pareses and was able to move about on his own. He did not 
have detailed medical documentation or diagnostic examination reports for preoperative and postoperative periods. At 
discharge, he was given an incomplete postoperative CT of the cervical spine in the form of a few old-style films showing 
some of the views but without digital images. The discharge summary did not contain the necessary detailed description 
of the treatment provided, including no details about the instrumentation used. The hospital staff or the operators could 
not be contacted because they would not answer the phone or reply to e-mails and text messages. We decided that a new 
CT of the cervical spine should be obtained. It revealed status post atypical hangman’s fracture of the cervical spine: 
a fracture of the C2 pars interarticularis on the left, dislocation of C2 against C3, fracture of the C2 vertebral body with 
detachment and anterior displacement of a part of the C2 vertebral body. The patient was operated on from a posterior 
approach. Posterior stabilization of C2-C3 was performed. The screws were correctly positioned in the lateral masses of 
C3. Within the C2 vertebra however, both screws were initially placed transpedicularly, but their ends did not reach the 
C2 vertebral body or lateral masses of C1 and extended into the left and right C1-C2 joint spaces. CT images of the status 
post initial surgery performed at another centre are shown in Figure 1. Leaving this spinal stabilization in place made the 

Figure 1 CT images revealing status post the initial surgery performed at another centre. Red arrows point to key abnormalities seen on the CT scans that underlay our 
decision to perform revision surgery: C2-C3 displacement/instability, fracture of the C2 vertebral body with detachment and anterior displacement of a part of the C2 body, 
fracture of the C2 pars interarticularis on the right, and incorrect location of screws within C2, with their ends seen within C1-C2 joint spaces, making it impossible for the 
patient to perform rotational head movements.
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patient unable to perform rotational movements of the head as the screws were placed within the C1-C2 joints. Anterior 
stabilization to prevent C2 dislocation against C3 was also not performed, and appropriate spinal stability was not 
ensured. After analysing the spinal CT images, we decided to re-operate. Our intention was to restore rotational head 
movements while ensuring stability of the cervical spine. We decided to use both an anterior and posterior approach. 
Figure 2 presents a schematic of the procedure and postoperative X-ray and CT images. The first stage of the procedure 
from a posterior approach consisted of the removal of the screws from C2 bilaterally, with the ends of the screws being 
within the C1-C2 joint spaces, followed by the placement, from the same approach, of shorter screws that ended within 
C2, thus not reaching the joint spaces and not blocking head rotation. Before the procedure, we did not know what type 
of screws (manufacturer) had been used originally. It was revealed intraoperatively that the screws were of a type that 
was also available at our hospital. We did not change the location of the screws within the C3 lateral masses as they were 
properly implanted. The C2-C3 screws were then joined with longitudinal rods bilaterally. In the second stage of the 
procedure, from an anterior approach, we performed a C2/C3 discectomy and placed a cage in the C2/C3 space, followed 
by the placement of a pressure screw throughout the length of the body of C2 and the odontoid process. Finally, we used 
a cervical plate fixated with 4 screws for C2-C3 stabilization. The postoperative period proceeded without any 
complications. Apart from minor pain associated with the surgical wound, no concerning symptoms such as dysphagia 
or voice hoarseness were observed. A follow-up CT scan revealed normal postoperative appearances matching the 
preoperative assumptions. The patient was discharged home in a good overall and neurological condition. A follow-up 
functional X-ray of the cervical spine at 8 weeks after the procedure also revealed normal postoperative appearances. At 
present, the patient has functional flexion/extension and rotational head movements and cervical spine stability is also 
preserved (Figure 3).

Discussion
C2 fractures can be divided into three categories: 1) odontoid fractures, the most common; 2) hangman’s fracture involving both 
pedicles/bilateral pars interarticularis fracture and 3) atypical fractures (non-odontoid, non-hangman’s) involving the vertebral 
body, unilateral or complex.6,7 Hangman’s fractures account for 15–20% of all cervical spine fractures and are often a component 
of combined atlantoaxial injuries.1,2,8 They are usually classified according to the scheme of Effendi et al9 and its modification by 
Levine and Edwards.10 Type I injuries are considered stable, whereas type II, IIA, and III injuries are unstable as they usually 

Figure 2 Schematic of the surgery we performed and post-operative CT and X-ray images.
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involve damage to the C2/C3 disc and anterior and posterior longitudinal ligaments.2,11–13 Type I and II fractures, as classified by 
Levine and Edwards, can be managed conservatively through immobilization using various methods such as a hard collar, 
Minerva Jacket, Sternal Occipital Mandibular Immobilizer (SOMI) brace, or HALO vest.1,2 However, fractures characterized by 
instability, including type II, type IIa, and type III fractures, have a success rate of less than 50% with conservative treatment (43% 
for type IIA and <40% for type III fractures) and therefore require surgical intervention.1,2 Surgical treatment options include 
anterior access techniques, posterior access techniques, or a combination of both. The anterior approach commonly involves 

Figure 3 Functional radiograph of cervical spine and photographs of the patient at 8 weeks after the procedure showing intact flexion/extension and rotational head 
movements.
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anterior discectomy and fusion (ACDF) procedure. By sparing the atlanto-axial articulation and avoiding incorporation of the 
atlas, the anterior approach preserves some rotational movement of the head. Type IIa and III fractures are more likely to fail in 
flexion due to disruption of the C2-3 disc space and the posterior longitudinal ligament, and thus posterior stabilization is the 
preferred treatment approach. In the past, plate and wiring techniques were used for this purpose, but currently, the standard 
procedure is C2-C3 posterior cervical decompression and fusion (PCDF) using C2 pedicle and C3 lateral mass screws. It is worth 
noting that including C1 for stabilization can limit rotational movement of the head. For type III fractures, both anterior and 
posterior approaches have similar healing rates of 42.86% and 39.29%, respectively. Therefore, a combination of anterior and 
posterior approaches may be considered for patients with Levine-Edwards Type IIa and Type III fractures. In summary, unstable 
fractures require surgical intervention through anterior, posterior, or mixed anteroposterior approaches.1,2 However, the surgical 
treatment of hangman’s fractures remains poorly standardized, especially with regard to atypical fractures.8,14–17 In the authors’ 
perspective, the use of ACDF and PCDF techniques individually has certain drawbacks. ACDF, while preserving rotational head 
movements, may not provide sufficient stabilization, which can be life-threatening in cases of atypical fractures with potential 
spinal canal narrowing.1 On the other hand, PCDF may offer stabilization but at the cost of limiting functional rotational head 
movements, significantly impacting quality of life. Therefore, it is important to explore solutions that combine the advantages of 
both ACDF and PCDF. In 2019, Soliman et al18 presented two cases of patients with type I and type IIa hangman’s fractures, 
respectively, who underwent unilateral insertion of a pressure screw guided by neuronavigation and fluoroscopy. This technique 
resulted in resolution of discomfort and achieved stable fusion during the follow-up period. Soliman suggested that this approach 
strikes a balance between effective stabilization and good quality of life for trauma patients.18 This procedure may be effective in 
treating typical grade I and grade II fractures, where widening of the spinal canal is a potential mechanism. However, atypical 
fractures that narrow the spinal canal may require more complex forms of stabilization to ensure safety and promote fusion. 
Therefore, the authors emphasize the importance of knowledge sharing to develop common and effective recommendations and 
guidelines that ensure efficacy and improve patients quality of life.

The aim of the revision surgery we performed was to allow for rotational head movements of a stable cervical spine. 
Head rotation was made impossible by screws in the C1-C2 joint spaces that needed to be removed/repositioned. 
Apparently, the surgeons who performed the initial procedure had intended to achieve transpedicular stabilization of C2 
by anchoring the ends of the screws in the C2 vertebral body or they might have been thinking to perform C1-C2 
transarticular fixation. They subsequently connected the C2 screws using longitudinal rods to the screws introduced 
(correctly) into the lateral masses of C3. To restore head rotation, we removed the C2 screws and placed shorter screws 
via the same pathway that did not extend as far as the joint spaces. We decided not to change the trajectory of screw 
placement and not use a transpedicular approach to place them in the C2 vertebral body as the new approach might have 
caused damage to the C2 pedicular bone and the screws would not be stably anchored in bone. In the second stage, we 
performed an anterior discectomy at C2/C3 and implanted a cage. Before placing a C2-C3 plate, we additionally mounted 
a pressure screw as is done in cases of type II odontoid fractures.19,20 Our patient had not sustained this type of fracture, 
and there was a C2 body fracture, but we decided to use this method to ensure superior conditions for healing to promote 
bony union. We believe that stabilization with a C2-C3 cervical plate alone in the setting of a co-existing C2 body 
fracture just superior to this site could generate forces impeding bone union within the fractured C2 body. Accordingly, 
we introduced a pressure screw throughout the C2 vertebral body and odontoid process and only after that did we place 
a C2-C3 cervical plate secured with 4 screws. Figure 2 presents a schematic of the procedure and X-ray and CT images 
following the surgery. After the surgery, the patient was able to rotate his head with preserved cervical spine stability. 
This case history highlights the complexity of planning the therapeutic process. It underscores the significance of taking 
into account not only technical aspects but also the patient’s future quality of life.

Limitations
Undoubtedly, the case presented here serves only as a proposed approach for managing a complex atypical hangman’s 
fracture. In any clinical scenario, treatment decisions should be based on patient-specific factors, neurological status, and 
current scientific evidence regarding the efficacy of different treatment modalities. It is important to acknowledge that our 
case has limitations, including the relatively short follow-up period and the potential burden of the proposed treatment, 
which may be challenging for elderly patients.
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Conclusion
When deciding to operate on a patient with hangman’s fracture, especially an atypical fracture, we should consider the 
patient’s quality of life postsurgery. Our goal in every case should be to preserve a range of motion as close as possible to 
the physiological range, while not impairing spinal stability.
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