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Abbreviations
AS	Ankylosing spondylitis
BMI	body mass index
CHF	Congestive heart failure
CI	confidence interval
CT	Computed tomography
DISH	Diffuse idiopathic skeletal hyperostosis
HR	Hazard ratio
HU	Hounsfield unit
kg	kilogram
m	meter

	


Abstract
Introduction
Multi-segmental pathologic autofusion is a hallmark feature of ankylosing spondylitis (AS) and diffuse idiopathic skeletal hyperostosis (DISH), creating a rigid, brittle spine highly susceptible to three-column fractures and potentially devastating neurologic injury. This study aimed to evaluate survival outcomes in this patient population and identify clinical and demographic predictors of mortality.

Methods
Adults with DISH or AS who sustained a fracture and were admitted to a single tertiary care center for spinal fracture were retrospectively identified using ICD-10 diagnostic codes. Data were extracted on demographics, clinical presentation, fracture characteristics, and details of treatment.

Results:
389 patients (median age, 77 yrs; 74.8% male) were included. Over a median follow-up of 6 months, overall mortality was 33.7%, 30-day mortality was 5.9%, in-hospital mortality was 5.4%, and 1-year mortality was 17.7%. Treatment consisted of external orthosis in 234 (60.2%), surgery in 142 (36.5%), combined approach in 1 (0.3%), while 12 (3.1%) were left untreated. Patients who died were older (median 83 yrs vs. 74 yrs; p<0.001), had a lower BMI (29.2 kg/m² vs. 33.2 kg/m²; p<0.001), were less likely to discharge home (19.1% vs. 46.1%; p < 0.001), and had higher rates of frailty (mFI-5 ≥2), and cancer (all p<0.01). There was no association with total mortality for fracture location, fracture number, mechanism of injury, or the presence of neurological deficits. Univariable time-to-event analysis showed decreased survival was predicted by older age (HR: 1.06/yr, p<0.001), lower BMI (HR: 1.05 per kg/m², p <0.001), functional dependency (HR: 1.76, p < 0.01), CHF (HR: 1.94, p <0.001), and non-home discharge (HR: 2.38, p < 0.001). In the multivariable analysis, increased age (HR: 1.06/yr, p =0.002), lower BMI (HR: 1.03 per kg/m², p =0.023), CHF (HR: 1.75, p =0.002), and non-home discharge (HR: 1.67, p =0.030) remained significant independent predictors of mortality. Treatment modality did not predict mortality at any time point.

Conclusion
Patients with AS or DISH who sustained spinal fractures have a high overall mortality, regardless of trauma mechanism or severity. Treatment modality did not affect odds of survival, suggesting nonoperative management with external orthosis  may be an appropriate option, particularly in older and medically complex patients.
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Background
Ankylosing spondylitis (AS) and diffuse idiopathic skeletal hyperostosis (DISH) are two conditions characterized by the autofusion of multiple vertebral segments.1 AS affects approximately 32 per 10,000 persons in North America,2 most commonly presenting as chronic low back pain in male patients under the age of 45. DISH is more common. While also showing geographic variability, DISH has been radiographically observed in over 25% of females aged ≥80 and over a third of males over the age of 70 in one population based study of Midwestern American adults.3 It similarly disproportionately affects males,4 though unlike AS, it is predominately diagnosed in older adults.

Due to ossification of spinal entheses, such as those of the anterior longitudinal ligament (ALL), there is motion segment autofusion in both conditions. This has been found to correlate with a selective diminution in the quality of vertebral cancellous bone.5 This clinically can manifest as the autofused spine behaving as a single, brittle long-bone that is at increased risk of three-column injury.5,6 In one recent study5 55% of patients with AS or DISH presented with an AO type B3 injury, a three-column hyperextension fracture associated with gross spinal instability. Specifically within the DISH population, the management of these fractures has been suggested to have a high associated mortality.7 However, the overall evidence base is small. Our objective for the present study was to leverage the experience at a large, tertiary care center to evaluate overall predictors of mortality in the population of patients with AS/DISH admitted for spinal fractures with a goal of determining whether surgical fracture management was associated with a significant reduction in mortality.

Methods
After obtaining IRB approval (18-002622) we used ICD-10 clinical medicine codes to query the medical records of a tertiary care center for patients admitted between June 2006 and October 2025 for management of a spinal fracture (S32, S22, S12) with a concurrent diagnosis of AS or DISH (M45, M48.1). Patients were included if: 1) they were ≥18 years of age at the time of treatment, 2) had computed tomography of the spine illustrating spine fracture within the mobile spine, and 3) record of the fracture management. Patients were excluded if: 1) they suffered a traumatic fracture without radiographic evidence of DISH or AS, 2) succumbed to their injuries in the emergency room/prior to hospital admission, or 3) Patients who were lost to follow-up. The decision for operative versus nonoperative treatment was at the discretion of the spine surgical team. After identifying patients who met the inclusion and exclusion criteria, medical records were reviewed to extract data on demographics (age and sex), hospitalization duration, fracture morphology, fracture management, mechanism and energy of fracture (classified as high-energy mechanisms such as motor vehicle collisions or falls from height, and low-energy mechanisms such as falls from standing height or injuries occurring during routine activities or minor movements), as well as medical comorbidities, including osteoporosis, anticoagulant use, congestive heart failure (CHF), chronic kidney disease (CKD), hypertension, and cancer.

Statistical Analysis
Data were recorded using Excel (Microsoft, Redmond, WA) and analyzed using R (version 4.4.1) within R-studio. Descriptive statistics were presented as median and interquartile range for continuous data and counts with percentages for discrete data. Univariable analyses were performed using Mann Whitney U tests for continuous variables, Fisher exact data for dichotomous variables, and χ² analyses for categorical data. The primary outcome of interest was mortality; secondary outcomes were mortality within 30-days of hospital admission (30-day mortality), in-hospital mortality, and mortality within 1-year of hospital admission (1-year mortality). Univariable Cox proportional hazards models were used to assess the association between each predictor and the outcome. P-values were adjusted using the Benjamini–Hochberg (BH) procedure to control the false discovery rate. Variables with clinical relevance or with an adjusted p-value < 0.10 in univariable analyses were entered into a multivariable Cox regression model. Model selection was guided by the Bayesian Information Criterion (BIC) using a stepwise procedure to obtain the most parsimonious final model. In situations with a limited number of outcome events, a penalized model selection strategy was applied to reduce the risk of overfitting. Multicollinearity among predictors was assessed using the variance inflation factor (VIF). To evaluate the discriminative performance of continuous predictors (e.g., age and BMI), receiver operating characteristic (ROC) analysis was performed with calculation of the corresponding area under the curve (AUC). Optimal cut-points for stratification were derived using the Youden index, and dichotomized variables based on these thresholds were subsequently incorporated into time-to-event analyses. Kaplan–Meier curves were generated to estimate mortality as a function of follow-up time, and differences between groups were compared using the log-rank test with corresponding chi-square statistics and p-values.

Results
We identified 389 patients who met inclusion/exclusion criteria (median age 77yr; 85% male) with a median follow-up of  6-months. Overall, 131 (33.7%) patients died prior to last follow-up, 21 (5.4%) died prior to discharge from the hospital, 23 (5.9%)  died within 30-days of hospital admission, and 69 (17.7%) died within 1-year of hospital admission. Most fractures were in the thoracic spine (73.5%). Two-hundred thirty-four patients (60.2%) were treated with bracing and 142 were treated surgically (36.5%).

Overall mortality
At last-follow-up, 258 (66.3%) patients were alive (Table 1). Patients who died were significantly older (median age 83.0 vs 74.0 years, p<0.001) and had a lower median BMI (29.2 vs 32.2 kg/m², p<0.001). Sex distribution was similar between groups (p = 0.11). The prevalence of AS versus DISH did not differ significantly between alive and deceased patients (p=0.35). Several comorbidities were more common among deceased patients, including cancer (40.5% vs 26.4%; p=0.007), chronic kidney disease (52.7% vs 38.8%; p=0.012), and congestive heart failure (53.4% vs 27.1%; p<0.001). Functional dependency at baseline was also markedly higher among those who died by last follow-up (42.0% vs 19.0%; p<0.001). Frailty burden measured by the mFI-5 differed significantly between groups, with deceased patients more commonly having mFI-5≥2 (81.7% vs 55.0%; p<0.001). Fracture characteristics were largely similar between deceased and alive patients, including number of spine fractures (p=0.23), and fracture location within the mobile spine (p=0.43). However, deceased patients had more poorly apposed fractures (median displacement 5.1 mm vs 3.6 mm, p=0.006). Energy and cause of fracture did not differ significantly (p=0.32 and p=0.48, respectively). Median follow-up time among alive patients did not differ significantly from the median time to death among deceased (p = 0.12) (p=0.12).

Baseline neurologic deficits were uncommon and occurred at similar rates between deceased patients and those alive at last follow-up (Table 2). Deceased patients had longer median hospitalizations  (8 vs 6 days, p=0.006), but rates of DVT and PE did not differ significantly. Treatment strategy (external orthosis, surgery, combined, or no treatment) was similar between groups (p=0.80). Discharge disposition differed significantly (p<0.001), with survivors being more frequently discharged home (46.1% vs 19.1%) whereas deceased patients were more commonly discharged to skilled nursing facilities (55.7% vs 41.7%). In-hospital mortality occurred in 21 patients (5.4%) in the deceased group.

Survival analysis
In univariable hazards analysis (Table 3), older age, lower BMI, congestive heart failure (CHF), functional dependency, and non-home discharge were each significantly associated with increased mortality risk. After BH correction, age (HR 1.06 per yr; 95% CI [1.04, 1.08]; p<0.001), BMI (HR 0.95 per kg/m↑2; [0.92, 0.98]; p<0.001), CHF (HR 1.94; [1.37, 2.75]; p<0.001), functional dependency (HR 1.76; [1.24, 2.50]; p=0.003), and non-home discharge (HR 2.38; [1.54, 3.69]; p < 0.001) remained significant predictors. Cancer, chronic kidney disease (CKD), fracture distraction distance, length of stay, and mFI-5 categories did not demonstrate significant associations after adjustment (Table 3). Optimal cut-points derived from ROC analysis identified 82.5 years for age (AUC 0.705) and 30 kg/m² for BMI (AUC 0.624). The corresponding Kaplan–Meier curves of cumulative incidence of mortality for age, BMI, CHF, functional dependency and discharge disposition illustrate these associations [Figure 1-5]

In the multivariable model (Table 3), age, BMI, CHF, and discharge disposition remained independently associated with mortality. Specifically, age increased the hazard of death (HR 1.04/yr; [1.01, 1.06]; p=0.002), while higher BMI was protective (HR 0.97; [0.94, 1.00]; p=0.023). CHF remained a strong predictor of mortality (HR 1.75; [1.22 2.51]; p=0.002). Non-home discharge was also independently associated with increased mortality risk (HR 1.67; [1.05, 2.65]; p=0.030). Functional dependency trended toward significance (HR 1.43; [0.99, 2.07]; p=0.060). 

Hospital, 30-day, 1-year mortality
The presence of osteoporosis and fracture distraction distance were both independent predictors of in-hospital and 30-day mortality (Supplementary Table 1-4). Osteoporosis was independently associated with a lower risk of in-hospital mortality (HR 0.29; [0.11, 0.80]; p=0.017), whereas greater fracture distraction distance was strongly associated with increased in-hospital mortality (HR 1.19/mm; [1.11, 1.25]; p<0.001; Supplementary Table 2). Similar associations were observed for 30-day mortality (Supplementary Table 3-4), with osteoporosis demonstrating a protective effect (HR 0.29; [0.09, 0.60]; p=0.003) and fracture distraction distance remaining a significant predictor of increased mortality (HR 1.16/mm; [1.09, 1.23]; p<0.001). Additionally, older age was predictive 30-day mortality (HR 1.07/yr; [1.02,1.12]; p=0.007, Supplementary Table 4) For 1-year mortality (Supplementary Table 5-6), older age (HR 1.07/yr; 95% CI 1.04–1.10; p <0.001), a non-home discharge (HR 1.67/yr; [1.05, 2.65]; p=0.001) were independent predictors of decreased 1-year survival.

Discussion
AS and DISH are two common spondyloarthropathies characterized by autofusion of multiple vertebral bodies, creating a long lever arm that in the event of trauma generates fracture patterns similar to those seen in long bones.5,8 These fractures, which are most commonly AO type B3,5 and can be associated with spinal cord injury in many cases.6 Prior smaller series, such as those of Cirillo et al9 and Balling and Weckbach,10 have noted a relatively high mortality amongst patients with AS or DISH associated fractures, with rates of 10% and 22%, respectively. In the present study, we sought to identify risk factors for mortality in a large sample size and found 33.7% of patients diseased within a median of 327 days. 

Pathogenesis of DISH and increased fracture predisposition
AS and DISH share a clinical phenotype of vertebral autofusion, resulting in a spine with many behavioral characteristics generally only seen in long bones. AS is thought to result from mechanical stresses at entheses in the setting of a heightened inflammatory environment.1 The inflammation leads to osteoclast activation with erosion of bone and degradation of cartilage with associated chondroid metaplasia and endochondral bone formation as part of the healing process. It is through this process that the sacroiliac joint fusion and vertebral autofusion are presumed to occur.1 The pathogenesis of DISH is less well established,4 but an inflammatory component has again been suggested with an associated increase in endochondral ossification and osteoblastic differentiation.8 Mechanical factors again appear important as body mass index has been shown to have the strongest association with DISH and aortic position appears to be associated with the site of ossification in patients with DISH.8

Biomechanical studies have demonstrated that the pathologic autofusion in DISH and AS result in significantly increased stress within the autofused segment. One study by Nishida and colleagues11 showed that in comparison to a normal spine, the autofused spine experienced significantly increased stresses within the autofused vertebrae, especially in extension. When the simulated ossifications were associated with grooves/ossification discontinuities at the interleaving vertebrae, as has been previously noted, stresses were highest at these intervals between ossifications. The DISH model with only stiffening of the ALL and without hypertrophic calcifications, which better approximates the physiology of AS, noted relatively uniform elevation of stress at the interspace and mid-vertebral bodies. This may in part explain the differences in morphology between AS and DISH fractures. Namely, those in DISH tend to be predominantly at the thoracolumbar junction and exclusively through the vertebral body whereas those in AS occur in both the thoracic and lumbar spine, and occur through the disc space.8,12

In addition to the altered biomechanics of the AS/DISH spine, diminished bone quality within the ankylosed spine segment may also contribute to increased fracture risk. Swart et al5 recently described 74 patients with DISH or AS who had undergone operative management of a mobile spine fracture. They noted bone quality, as measured by average HU, was significantly lower within the autofused segment as compared to the more proximally situated mobile segments. Additionally, the bone quality was worst within the center of the fused segment, with HUs being significantly higher at the cranial and caudal ends of the fused segment, which are only partially shielded and have been shown in finite element analysis to experience increased stresses.13 The authors also noted the HU diminution was greater in AS than in DISH, potentially explaining the more severe fractures often seen in AS.14 Lee et al15 and Fauny et al16 similarly noted that spinal autofusion was associated with a diminution in cancellous bone quality. In addition to increasing fracture risk, this poor cancellous bone quality also doubtlessly negatively impacts screw purchase in those patients with AS or DISH undergoing instrumented fusion for fracture. The finding that patients in our study with osteoporosis had lower in-hospital and 30-day mortality may seem counterintuitive given the diminished bone quality observed in AS and DISH. However, this association likely reflects differences in injury mechanism and clinical vigilance rather than a true protective effect. Patients with known osteoporosis may sustain lower-energy, less catastrophic fracture patterns which could contribute to their improved short-term survival. Thus, the observed protective association of osteoporosis likely reflects differences in trauma severity and clinical management rather than any intrinsic survival benefit of low bone density.

DISH/AS fractures and mortality
Management of AS/DISH fractures is highly dependent upon fracture morphology, but in the setting of the most common pathology – an extension-distraction injury involving the anterior and middle columns5,6,17 – management can either be in the form of bracing or long-segment fusion extending 3 levels cranial and caudal to the fracture.8 The decision of whether to pursue bracing or internal fixation should be based upon the extent of fracture displacement and the extensiveness of concurrent injuries and medical comorbidities.6

Several series have reported mortality in patients presenting with spine fractures in the setting of ankylosing spondyloarthropathies e.g., AS/DISH. In one small series of 112 patients,6 58% with concurrent spinal cord injury, 26% of patients died prior to discharge and 32% died within 1-year of admission. The authors also reported 81% of patients had comorbidities, including cardiac disease in 33% and pulmonary disease in 15%; in 15% the patients were too medically unstable for surgery. The authors noted mortality was significantly higher in nonsurgical patients (51 vs 23%; p=0.005), though this was likely due to the more extensive comorbidities in the nonoperative group. Mortality was particularly high in patients of advanced age – 84% for those ≥80 years old and 38% for those aged 70-79. They reported mortality was predicted only by concurrent cardiac disease.

El-Hajj and colleagues18 also reported on death in patients with ankylosing spinal disorders using a Swedish national registry of patients treated for a spinal fracture. They found that 30-day (5.6% vs 2.2%) and 90-day mortality (10.2% vs 4.6%) was increased amongst patients with ankylosing disorders; however, the difference was not significant after controlling for age, sex, mechanism of injury, fracture type and level, and treatment strategy. Medical comorbidities were not considered though, and the group acknowledged it may explain at least some of the differences in survival between patients with and without ankylosing disease. The authors conjectured that the higher rate of cervical spine fractures in patients with ankylosing disorders may have explained the elevated mortality in the unmatched cohort based upon earlier studies finding increased mortality amongst patients with AS/DISH who sustained cervical versus thoracolumbar fractures.19 Overall in-hospital mortality was 6.6% in this latter study, though like El-Hajj et al, only registry data was available. Another contemporary study20 employing more granular data from two tertiary centers reported an inpatient mortality of 10.5%, 90-day mortality of 15.1%, and 1-year mortality of 23.8%, which is similar to that observed here. They found concurrent spinal cord injury to predict higher mortality, but no consideration was given to fracture level or comorbid medical conditions.

The studies of Caron et al6 and Westerveld et al17 both suggested surgical treatment to associate with improved mortality following spinal fracture in patients with ankylosing spinal conditions. By contrast Teunissen et al20 reported surgical intervention to be associated with increased mortality. Medical comorbidities were not controlled for in most of these studies and it is possible that these may explain the apparent discrepancy. Alternatively, the improved mortality the studies of Caron et al6 and Westerveld et al17 may be due to selection bias, wherein only the healthier, more medically stable patients were offered surgical intervention. This strategy has been suggested by others,7 though with the caveat that surgical management represents definitive management of the fracture, whereas bracing carries with it the risk of subsequent neurological deterioration during the period prior to the fracture healing. In our experience bracing is a favorable option for extremely comorbid patients who are too ill for surgery, especially where said patients have a thinner body habitus conducive to bracing. Those with larger body habitus may not be feasibly braced due to significant soft tissue mass, in such case surgical fracture management is likely necessary once medically stabilized. However, as noted in several series6,9,10 this is associated with high rates of medical complications – up to 84% in the series of Caron et al.6 The perioperative mortality is also high, likely due to the underlying injury and comorbidities, with Warrick and Balling reporting a 3-month mortality of 20% in surgical treated AS/DISH patients with thoracolumbar hyperextension injuries.

Limitations
The present study has several limitations. Most importantly, as a retrospective series, the treatment decision for operative vs nonoperative treatment was at the discretion of the spine surgical team, so there may be some inherent treatment bias in selecting nonoperative treatment in patients felt to be at high risk of perioperative complications and/or mortality. However, as the largest series in the literature on mortality associated with AS and DISH, we feel that this data still provides predictive value in the management of these challenging patients. In addition, as a retrospective study, we cannot identify any causality to the observed associations, nor can we demonstrate that AS or DISH contribute to elevated mortality rather than being a condition comorbid with the true etiology. Second, as a single-center experience, the patients included may not broadly represent the DISH population and there may be unique institutional practices that are not shared elsewhere, limiting the generalizability of the present results. 

Conclusion
Patients with AS or DISH who sustain spinal fractures experience high mortality regardless of trauma mechanism or injury severity. Age consistently emerged as a strong predictor of total, 30-day, and 1-year mortality. Fracture severity, reflected by distraction distance, was the primary determinant of in-hospital and 30-day mortality. Treatment modality did not influence survival outcomes, suggesting that nonoperative management with bracing may be a reasonable option, particularly for older or medically complex patients in whom surgical risk is high.
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