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INTRODUCTION: 
Diffuse idiopathic skeletal hyperostosis (DISH) and ankylosing spondylitis (AS) are the primary ankylosing spinal disorders 
(ASDs). ASDs share key clinical features, including functional spinal ankylosis, poor bone quality, advanced age, and 
multiple associated medical comorbidities which contributes to an increased risk of fractures, as the rigid, ankylosed 
spinal column amplifies the effect of even minor trauma. These fractures lead to significantly higher rates of neurologic 
compromise, morbidity, and mortality as compared to hyperextension injuries in the absence of ASD. This study evaluates 
the impact of pre-injury ambulation status on mortality rates for hyperextension injuries in patients with ASD. 
  
  
METHODS: 
A retrospective cohort study of patients with ASD who sustained hyperextension injuries that were surgically treated at a 
single Level 1 trauma center was conducted for the years 2005 - 2020. Patients were divided into cohorts based on their 
pre-injury ambulatory status (independent ambulators vs those that used assistive devices including gait aids such as 
canes / walkers or wheelchairs). Demographic data including age, body mass index (BMI), sex, type of ASD, pre-
operative American Society of Anesthesiologists Physical Status (ASA PS), American Spinal Injury Association (ASIA) 
Impairment Scale (IS), fracture location, injury type (single level vs multi-level vs combined spine and pelvic injury) 
mechanism of injury, and Surgical Invasiveness Index (SII) were collected. The primary outcome was mortality. 
Secondary outcomes included post-operative ambulatory status as well as reoperations within 90 days. Statistical 
analysis was conducted using JASP [JASP Team (2024). JASP (Version 0.19.3)]. Demographic data was analyzed using 
Mann-Whitney U test, Student T-Test, and Chi-Squared tests as appropriate. Kaplan-Meier estimates were constructed. 
The primary outcome was analyzed using a cox proportional hazard model. In the model, age and ASA PS class 
(transformed from ordinal to continuous data) were used as covariates and pre-operative ambulation status and 90-day 
reoperation were factors. The proportional hazard assumption was tested using Kaplan-Meier transformation. A p-value 
less than 0.05 was considered statistically significant. Biases were not addressed a priori. A power analysis was not 
performed. 
  
  
RESULTS: 
387 patients were included; 288 (72.5%) were independent ambulators and 109 (27.5%) used an assistive device. 
Independent ambulators were significantly younger and had a greater proportion of ASA PS class II (Table 1). No 
differences in BMI, sex, ASD type, pre-operative ASIA IS, fracture location, injury type, mechanism of injury, or mean SII 
were identified between the two cohorts (Table 1). Using an assistive device pre-operatively was significantly associated 
with mortality (Figure 1; p <0.001). 90-day mortality rate was 1.39% (4/288) and 58.7% (64/109) for those that were 
independent ambulators pre-operatively and for those that used an assistive device, whereas 1-year mortality rate was 
2.08% (6/288) and 68.8% (75/109), respectively. Increased age and ASA PS class were associated with increased risk for 
mortality (Tables 2 – 3; p <0.001 and 0.012). Each increase in ASA PS class was associated with a 67.7% increased risk 
of mortality and each year in age was associated with a 4.6% increased risk of mortality (Table 3). Of patients that were 
ambulatory before injury, 121 (42.0%) used an assistive device at last follow up. 69 (17.8%) patients underwent re-
operation within 90 days, of which 51 (73.9%) were for a surgical site infection. Re-operation was not associated with an 
increase in mortality (Figure 1; Tables 2 – 3). The proportional hazards assumption test results are provided in Table 4. 
  
  
DISCUSSION AND CONCLUSION: 
Patients with ASD that use an assistive device pre-injury, are older, and/or have increased medical comorbidities are at 
increased risk for mortality following a hyperextension injury. Those patients that used an assistive device pre-injury had a 
one-year mortality rate of 68.8% compared to 2.08% in the independent ambulatory cohort. Many patients that were once 
ambulatory, require an assistive device after recovery. These data offer valuable prognostic insights, helping to facilitate 
improved guidance for patients and their families who are navigating treatment and recovery for these injuries. 
  
 



 

 

   

 


