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Comparison of C2-3 Pedicle Screw Fixation With C2 Spinous Muscle Complex and Iliac Bone Graft for Instable Hangman Fracture












	
	ORIGINAL RESEARCH
published: 26 November 2021
doi: 10.3389/fsurg.2021.723078






[image: image2]

Comparison of C2-3 Pedicle Screw Fixation With C2 Spinous Muscle Complex and Iliac Bone Graft for Instable Hangman Fracture

Dingli Xu1, Kaifeng Gan2, Yang Wang3, Yulong Wang1 and Weihu Ma3*


1The Affiliated Hospital of Medical School, Ningbo University, Ningbo, China

2Ningbo City Medical Treatment Center Lihuili Hospital, Ningbo, China

3Ningbo No.6 Hospital, Ningbo, China

Edited by:
Gun Woo Lee, Yeungnam University, South Korea

Reviewed by:
Wen-Fei Ni, The Second Affiliated Hospital and Yuying Children's Hospital of Wenzhou Medical University, China
 Baorong He, Xi'an Honghui Hospital, China

*Correspondence: Weihu Ma, 944973037@qq.com

Specialty section: This article was submitted to Orthopedic Surgery, a section of the journal Frontiers in Surgery

Received: 10 June 2021
 Accepted: 18 October 2021
 Published: 26 November 2021

Citation: Xu D, Gan K, Wang Y, Wang Y and Ma W (2021) Comparison of C2-3 Pedicle Screw Fixation With C2 Spinous Muscle Complex and Iliac Bone Graft for Instable Hangman Fracture. Front. Surg. 8:723078. doi: 10.3389/fsurg.2021.723078



Purpose: To compare the effect between C2 spinous muscle complex graft and iliac bone graft in C2-3 pedicle screw fixation for instable Hangman fracture. Using axial spinous muscle complex instead of iliac bone for instable Hangman fracture can decrease neck pain, bone donor site complication, and operation time.

Method: The outcomes of C2-3 pedicle screw fixation with C2 spinous muscle complex were compared with iliac bone graft in 18 and 21 patients with instable Hangman fracture. The mean age was 49.1 ± 15.8 years in the complex group and 55.3 ± 12.2 years in the Iliac group, and the mean time to surgery of the patients was 3.3 ± 0.6 days in the complex group and 3.6 ± 0.9 days in the iliac group. Outcome measures including operation time, blood loss, visual analog scale (VAS) for pain, Japanese orthopedic association score (JOA), American spine injure association classification (ASIA), and bone fusion time were collected from medical records. In addition, the postoperative complications were also recorded.

Results: There were significant differences in operation time and interoperative blood loss between the two groups (P < 0.01). Also a significant difference was found in VAS score and JOA score between the two groups (P = 0.0012 and P < 0.001, respectively) at 1-month follow-up, whereas, no significant difference was found at other visit time. In the final visit, all patients showed good bone fusion, and two patients shows incision edema and exudation in the iliac group.

Conclusion: C2-3 pedicle screw fixation with C2 spinous muscle complex graft maybe a feasible and safe procedure for instable Hangman fracture.
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INTRODUCTION

Hangman fracture, known as traumatic spondylolisthesis of the axis, was first discovered in 1866 in dead criminals from judicial hanging and was named by Schneider et al. in 1965 (1). According the Levine and Edwards classification (2), fractures with severe circumferential disco-ligamentous injuries and a variable degree of translation or angulation of the C2 on the C3 vertebra are thought to be unstable and require rigid immobilization. The commonly used surgical methods are posterior C2-3 pedicle screw fixation and iliac bone graft, which have shown good clinical outcomes (3). Biomechanical studies in cadavers have suggested that posterior C2-3 fusion is possibly better than other techniques such as anterior graft and plating and C2 par fixation (4). However, some researchers have reported neck pain and donor-site complications such as pain, hematoma, oedema, infection, and pseudoarthrosis (5).

Therefore, researchers have increased interest in the axial spinous process. Sinha and Goyal used the C2 spinous process as a bone graft and waged it using titanium cables for C1-2 posterior fusion in five patients with atlantoaxial dislocation to minimize the donor-site complications and posterior neck pain (6). Similarly, our group reported that 27 patients with atlantoaxial fracture who were treated with C1-2 pedicle screw fixation combined with axial spinous muscle complex had satisfactory recovery (7). Moreover, we used the axial spinous process in atlantoaxial surgery (8). Besides, many studies reported that the preservation of muscle attachments of cervical spine is beneficial in cervical ROM and axial symptom. Riew et al. reviewed 11 articles on preserving the C2 muscle attachments and/or C7-preserving cervical laminoplasty and reported a similar result that preservation of the posterior cervical muscle has better clinical outcomes (9). Preservation of the cervical muscles such as the semispinalis cervicis muscle prevents postoperative neck pain and maintains cervical alignment.

In this study, we performed posterior C2-3 pedicle screw fixation using the axial spinous muscle complex to minimize the posterior complications of unstable Hangman fractures, and the schematic of the C2 spinous muscle complex graft is shown in Figure 1. We compared the outcomes between pedicle screw fixation with axial spinous muscle complex and with iliac bone grafts for unstable Hangman fractures.
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FIGURE 1. The diagram of C2 spinous muscle complex graft. (A) the anatomy of C2, C3 and vertebral artery, (B) Cut down the posterior 3/4 of C2 spinous, (C) scratch the cortical of C2 and C3 for bone graft, (D) displace the C2 spinous muscle complex graft into C2-3 posterior arch.




MATERIALS AND METHODS

In this study, we retrospectively reviewed patients with unstable Hangman fractures who were treated with C2-3 pedicle screw fixation with axial spinous muscle complex or iliac bone graft between September 2014 and April 2017 at Ningbo Number 6 Hospital. All procedures involving human participants were performed in accordance with the ethical standards of the institution and the 1964 Helsinki Declaration, and its later amendments or comparable ethical standards. The study was approved by the Bioethics Committee of the Ningbo No.6 Hospital of Ningbo University. All patients provided informed consent.

Inclusion criteria were as follows: (1) age >18 years; (2) presence of unstable Hangman fracture; and (3) absence of abnormal cervical vertebral abnormalities. Exclusion criteria were as follows: (1) presence of severe diseases such as cardiopathy; (2) presence of diseases that may influence bone structure, such as rheumatoid arthritis; and (3) absence of intact follow-up medical records. A total of 39 patients (complex group: 18 patients and iliac group: 21 patients) were enrolled in this retrospective comparative study (Figure 2). The clinical and demographic characteristics of the patients are presented in Table 1.
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FIGURE 2. The diagram of study flows.



Table 1. The clinical and demographic characteristics of the two groups.
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Three patients in the complex group had associated injury, which included distal radial fracture (one patient) and proximal ulnar fracture (two patients). Similarly, patients in the iliac group also had associated injury, which included proximal humeral fractures (two patients). The associated injuries were treated conservatively.


Outcome Evaluation

Clinical outcomes were measured using the visual analog scale (VAS) for pain (from 0 to 10, no pain to most severe pain) (10) and Japanese orthopedic association score (JOA) for cervical function, which consisted of four parts (from 0 to 17, higher score means better cervical function) (11). Radiological outcomes such as bone fusion and correct positioning were evaluated by cervical X-ray and CT-scan. Radiological assessments were performed by an experienced radiologist and a spine surgeon who worked together to establish consensus, but were not involved in the treatment or reporting of results.



Surgical Technique

All patients were first treated with skull traction for 1–2 days with forces ranging from 3 to 5 kg for some degree of reduction.



C2-3 Pedicle Screw Fixation With the C2 Spinous Muscle Complex

The patients were positioned prone on the surgical table under general anesthesia, and their heads were fixed with a Mayfield frame (Integra LifeScience. Inc., American). Thereafter, a midline incision was made and the C2-3 posterior structures were exposed; however, the muscles were not detached from the C2 spinous process. The C2 pedicle screw (Shanghaisanyou, China) was inserted in the lateral mass of the C2, with a gantry angle of 15°-25° and an inward camber angle of 20°-25°. Subsequently, a C3 pedicle screw was inserted in the lateral mass of the C3 with a gantry angle of ~10° and an inward camber angle of 35°-45°. Thereafter, the posterior three-fourth of the C2 spinous was cut by a bone saw and displaced into the preprocessed C2-3 posterior arch. A rod was placed combined with pedicle screws to ensure tight contact between the C2 spinous muscle complex and the bone graft bed of the C2-3 posterior arch (Figure 3).
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FIGURE 3. (A,B) Preoperative cervical CT-scan of a 42-year-old male patient with instable Hangman fracture. (C,D) The screws were inserted in C2-3 pedicle and C2 spinous muscle complex was displaced into C2-3 posterior arch. (E) The postoperative X-ray showed good reduction and realignment. (F) The posterior cervical CT-scan at 1-year follow-up visit showed the bone fusion.




C2-3 Pedicle Screw Fixation With the Iliac Bone Graft

The patients were positioned prone on the surgical table under general anesthesia, and their heads were fixed with a Mayfield frame (Integra LifeScience. Inc., Plainsboro, NJ, USA). Firstly, the iliac bones were obtained. Thereafter, a midline incision was made and the C2-3 posterior structures were exposed. The C2 pedicle screw (Shanghaisanyou, China) was inserted in the lateral mass of the C2, with a gantry angle of 15°-25° and an inward camber angle of 20°-25°. Subsequently, a C3 pedicle screw was inserted in the lateral mass of the C3, with a gantry angle of ~10° and an inward camber angle of 35°-45°. The bone graft bed was prepared in the C2-3 posterior arch and placed on the iliac bone. The rod was placed in combination with pedicle screws to ensure tight contact between the iliac bone and the bone graft bed.

The entire procedure was monitored under C-arm fluoroscopy. At the end of the surgery, CT scan was performed to confirm the fractural realignment and screw placement.



Postoperative Protocol

The same postoperative protocol was applied in both the groups in this study. Patients were allowed out of bed on the second postoperative day with neck collar support, immobilized for at least 3 months, and kept away from smoking. After 2 weeks, the sutures were removed. The radiological outcomes and clinical outcomes were evaluated at each follow-up visit.



Statistical Analysis

SPSS for Windows, Version 19.0, (SPSS Inc., Chicago, IL, USA) was used for all statistical analyses. Descriptive statistics are presented as mean ± standard deviation (SD). The means of parametric and non-parametric variables were compared between the two groups using the independent-samples t-test and the Mann–Whitney U test, respectively. The Chi-square test was used to compare categorical variables between the two groups. Statistical significance was set at P < 0.05.




RESULTS

In this study, all patients were followed up for >24 months, and no statistical difference was found in the clinical and demographic characteristics of the two groups (Table 1). Differences between preoperative and postoperative VAS and JOA scores were detected, without statistical significance (independent-samples t-test; P > 0.05). At 1-month follow-up visit, significant improvement in the VAS and JOA scores was found (independent-samples t-test; P < 0.05). Significant differences in the operative time, blood loss, and outcome measures were found between the two groups (Table 2). All patients had bone fusion at the final follow-up visit, and none of the patients had internal fixation failure.


Table 2. Comparison of surgical characteristics and outcome measures between two groups.
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Postoperative Complications

Complication data were obtained from the medical records. In the iliac group, four (19.0%) patients had superficial wound oedema in the donor site and one (4.8%) patient had exudation in the cervical midline incision, which was successfully managed by dressing exchange. Three (14.3%) patients who complained of donor-site pain and five (23.8%) patients who complained of neck pain were treated conservatively. In the complex group, two (11.1%) patients had exudation in the cervical midline incision, which was successfully managed by conservation treatment. A significant difference in postoperative complications was found between the two groups (Chi-square test, P < 0.05).




DISCUSSION

Instable Hangman fracture or traumatic spondylolisthesis of the axis is defined as the bilateral fracture of the axial pars interarticularis combined with severe circumferential disc and ligamentous injuries or a variable degree of translation or angulation of the C2 on the C3 vertebra (12). Most of the unstable hangman fractures are preferentially treated with surgery, including anterior graft and plating, C2 par fixation, C2-3 posterior pedicle screw fixation, and C2 lag screw-rod fixation (13–17). Recently, the most common surgical procedure that provides better biomechanical strength and has a short learning curve is C2-3 posterior pedicle screw fixation (18). Jeong et al. reported that the VAS and NDI scores of 13 patients with unstable Hangman fracture who underwent posterior C2-3 fixation had significantly improved after operation and were maintained up to the 12-month follow-up visit (final visit) (19). Similarly, Our group reported that 35 patients with unstable Hangman fracture who were treated with C2–C3 posterior short-segment fixation and fusion had satisfactory reduction and realignment without complications or reoperation (20).

However, some patients treated with C2-3 pedicle screw fixation and fusion may complain of neck pain and donor-site complications. Lang et al. reported that six patients with instable Hangman fracture who underwent minimally invasive C2-3 pedicle screw fixation showed better recovery in neck pain than those patients who were treated with conventional open surgery (21). Skeppholm et al. reported that 45 patients who underwent cervical decompression with bone graft showed donor-site complications at 1-year follow-up visit (22). Hence, we used C2-3 pedicle screw fixation with the C2 spinous muscle complex for instable Hangman fracture to minimize neck pain and donor-site complications.

In this study, the mean operative time was 2.2 h in the complex group and 2.8 h in the iliac group, and the mean blood loss was 224.4 mL in the complex group and 293.6 mL in the iliac group. The operative time and blood loss were significantly less in the complex group than in the iliac group (P < 0.01). Harvesting the autogenous iliac bone during surgery may result in longer operative time and greater blood loss.

The mean preoperative and 1-, 6-, 12-, and 24-months follow-up VAS scores were 5.5, 2.5, 1.1, 0.8, and 0.5, respectively, in the complex group and 5.1, 3.0, 1.2, 1.0, and 0.6, respectively, in the iliac group. A significant difference was found in the 1-month follow-up VAS scores of the two groups (P < 0.05). Similarly, a significant difference was found in the 1-month follow-up JOA scores of the two groups (P < 0.05). In addition, although differences in the JOA and VAS scores were detected at other visit times, they were non-significant (P > 0.05). Our group has reported that treatment with the C2 spinous muscle complex yields significantly superior outcomes with respect to operative time, blood loss, neck pain, and bone fusion time in patients with atlantoaxial instability (8). Lin et al. reported that 53 patients who were treated with open-door laminoplasty and unilateral preservation of the muscular-ligament complex had better cervical range of motion, C0-2 Cobb angle, and C2–C7 sagittal vertical axis than the 37 patients who underwent traditional open-door laminoplasty at the 16.7-month follow-up. Surgical damage to the posterior muscular-ligament complex may induce loss of cervical sagittal balance (23). Secer et al. reported that 27 patients with cervical spondylotic myelopathy underwent open-door laminoplasty with protection of muscles, and they yielded significant better results in neck ROM and cervical axial pain (24). Although, the axial spinous muscle complex preservation benefit in neck mobility postoperatively, Cheng et al. reported that 60 patients treated with cervical operation and reconstruction of C2 spinous process and muscle. Although the ROM in cervical spine has a decrease from 43.35° ± 7.55° to 34.83° ± 7.41°, but it has been significantly improved compared with the traditional method (25).

Armaghani et al. reported that of the 50 patients treated with anterior cervical discectomy and iliac bone graft fusion, two patients had superficial wound infection and a postoperative hematoma and five patients complained of donor-site pain (26). In addition, Silber et al. reported that of the 134 patients who underwent cervical surgery with iliac crest bone graft, 35 patients had donor-site pain and 21 patients had abnormal sensation at donor site (27). In our study, three (14.3%) patients had donor-site pain, four (19.0%) patients had incision oedema, and two patients had neck pain in the iliac group. In the complex group, no patient had neck pain; however, two (11.1%) patients had exudation in the cervical midline incision. A significant difference was found in neck pain and donor-site complications between the two groups (chi-square test, P < 0.05).

Therefore, it is not uncommon for patients complaining of donor-site complications. Consequently, the use of the C2 spinous muscle complex to displace the iliac bone not only prevents donor-site complications, but also improves cervical function and neck pain.

This study has some limitations. First, the sample size was small and the follow-up period was short, and we can enroll more patients for our further study. Second, we did not obtain patients who had undergone rehabilitation treatment or other life habits, such as smoking and physical work, which may have affected the clinical outcomes to some degree.

In conclusion, although C2-3 pedicle screw fixation with iliac bone graft is a widely used treatment for unstable Hangman fractures, patients may experience donor-site complications and neck pain. The use of the C2 spinous muscle complex, instead of the iliac bone, may yield better outcomes such as preventing donor-site complications, better recovery of neck pain and cervical function, reducing the operative time, and decreasing blood loss. However, more research is required to determine whether C2-3 pedicle screw fixation combined with C2 spinous muscle complex for unstable Hangman fractures can be performed prior to conventional C2-3 pedicle screw fixation with an iliac bone graft.
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