
Spine Fractures in AS vs. DISHAsian Spine Journal 549

Spine Fractures of Patients with Ankylosing 
Spondylitis and Diffuse Idiopathic Skeletal 

Hyperostosis: Fracture Severity and Injury-Related 
Mortality at a Level I Trauma Center

Stephen Ryan Chen1,2, Maria Amelia Munsch1,2, Joseph Chen1,2, Brandon Keith Couch1,2,  
Richard Alan Wawrose1,2, Anthony Abimbade Oyekan1,2, Joshua Adjei1,2,  

William F. Donaldson1,2, Joon Yung Lee1,2, Jeremy DeWitt Shaw1,2

1Department of Orthopaedic Surgery, University of Pittsburgh Medical Center, Pittsburgh, PA, USA
2Pittsburgh Orthopaedic Spine Research (POSR) Group, University of Pittsburgh Medical Center, Pittsburgh, PA, USA 

Study Design: Retrospective review of prospectively collected cohort.
Purpose: To identify differences in treatment and mortality of spine fractures in patients with ankylosing conditions of the spine.
Overview of Literature: Ankylosing spondylitis (AS) and diffuse idiopathic skeletal hyperostosis (DISH) are the two most common 
etiologies of ankylosing spinal disorder (ASD). However, studies on the treatment and outcomes of spine fractures in AS and DISH 
patients remain few.
Methods: Patients presenting with a spine fracture were diagnosed with AS or DISH at a single tertiary care center between 2010 
and 2019. We excluded those who lacked cross-sectional imaging or fractures occurring at spinal segments affected by ankylosis, as 
well as polytraumatized patients. Patient demographics, injury mechanism, fracture level, neurologic status, treatment, and 1-year 
mortality were recorded. Computed tomography imaging was reviewed by two independent readers and graded according to the in-
dicated AO Spine Injury Classification System. Differences in fracture severity, treatment method, and mortality were examined using 
Student t -tests, chi-square tests, and two-proportion Z-tests with significance set to p<0.05.
Results: We identified 167 patients with spine fracture diagnosed with AS or DISH. Patients with AS had more severe fractures and 
more commonly had surgery than patients with DISH (p<0.001). Despite these differences, 1-year mortality did not significantly differ 
between AS and DISH patients (p=0.14).
Conclusions: Although patients with AS suffered more severe fractures compared to DISH and more frequently underwent surgery 
for these injuries, outcomes and 1-year mortality did not differ significantly between the two groups. For patients with ASDs and frac-
tures, outcomes appear similar regardless of treatment modality. Consequently, there may be an opportunity for critical reappraisal of 
operative indications in ASD and a larger role for nonoperative management in these challenging patients.
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Introduction

Ankylosing spinal disorders (ASDs) are inflammatory 
processes characterized by pathological spinal ossifica-
tion affecting approximately 1% of the adult population 
[1]. These conditions lead to limited range of motion and 
kyphosis. The resultant kyphosis and loss of flexibility 
can impact balance and predisposes patients with ASDs 
to falls [2,3]. Unfortunately, in these individuals, abnor-
mal bony fusion of the spine forms a long lever arm that 
impairs diffusion of forces within and between vertebrae 
and can predispose the ankylosed spine to vertebral 
fracture with even minor trauma [4]. Spinal injuries in 
patients with ASDs are more likely to be unstable, with a 
significantly higher rate of spinal cord injury and epidural 
hematoma [5]. The current dogma suggests that there is 
increased morbidity and mortality associated with con-
servative management of spine fractures in patients with 
ASDs, thus the frequent surgical treatments [4,6,7].

Ankylosing spondylitis (AS) and diffuse idiopathic 
skeletal hyperostosis (DISH) are the two most common 
etiologies of ASD [8]. While distinct disease processes, 
AS and DISH present with similar clinical scenarios and 
fractures [6,9]. AS involves ossification of the entire spine, 
including the intervertebral disc and the posterior ele-
ments. In contrast, ossification in DISH is often more fo-
cal and can affect the spine in a non-contiguous manner 
[10]. Due to the ankylosis of posterior elements seen in 
AS, it has been suggested that spinal fractures in patients 
with AS are often more catastrophic than those suffered 
by their DISH counterparts without significant evidence 
to support this concept. Moreover, due to the incomplete 
spinal involvement seen in DISH, spinal fractures may 
be managed similarly to non-ankylosed spines [11-15]. 
Despite the unique characteristics of AS and DISH, both 
ASDs often result in a rigid spine, notable kyphosis, and 
similar extension injury patterns, which make manage-
ment clinically challenging [15]. However, few studies 
have described the fracture characteristics, treatment, and 
outcomes of patients with AS and DISH fracture. Given 
the complex pathophysiology and fracture characteristics 
in patients with ASDs, associated factors and ideal treat-
ment strategies for spinal trauma in patients with AS and 
DISH must be identified.

The present study was aimed to identify differences in 
fracture severity, operative versus nonoperative manage-
ment, and 1-year mortality between patients with AS and 

DISH. It was hypothesized that patients with AS will pres-
ent with more severe fractures, will undergo more opera-
tive intervention, and will have higher 1-year mortality 
rates than patients with DISH.

Materials and Methods

The requirement for informed consent from individual 
patients was omitted because of the retrospective design 
of this study. An institutional review board-approved 
retrospective review of a prospectively collected database 
was performed on all patients presenting to a single ter-
tiary care center between January 1, 2010, and December 
31, 2019, with at least one spinal fracture and a diagnosis 
of AS or DISH. AS was diagnosed according to the As-
sessment of SpondyloArthritis international Society clas-
sification criteria for axial spondyloarthritis [16,17], while 
DISH was diagnosed according to the criteria of Resnick 
and Niwayama [18] as the evidence of ossification of the 
disc space of AS patients were confirmed by imaging. 
Imaging was reviewed by three independent reviewers 
to confirm the diagnosis of AS or DISH fracture (Fig. 1). 
Exclusion criteria included the absence of appropriate 
cross-sectional imaging, fractures not graded as A-, B-, 
or C-type by the AO Spine Injury Classification System 
(thoracolumbar, subaxial cervical, or upper cervical) [19-
21], and fractures occurring outside the spinal segments 
affected by the ASD. Polytraumatized patients were also 

Fig. 1. Representative computed tomography scan of patient with ankylosing 
spondylitis involving the cervical spine with fracture in upper subaxial spine 
(A). (B) Patient with diffuse idiopathic skeletal hyperostosis involving thoracic 
spine with anterior fracture of vertebral body.
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excluded.
Patient demographics, mechanism of injury, fracture 

level (cervical, thoracic, thoracolumbar, or lumbar), neu-
rologic status, method of management (operative versus 
nonoperative), change in long-term mobility status, and 
mortality (in-hospital, 30-day, 90-day, and 1 year) were 
collected from the chart. Cervical fractures were defined 
as injuries extending from the C1 to C7 vertebrae. Tho-
racic fractures were defined as injuries extending from the 
T1 to T10 vertebrae. Thoracolumbar fractures were de-
fined as injuries extending from the T11 to L1 vertebrae. 
Lumbar fractures were defined as injuries extending from 
the L2 to L5 vertebrae. Treatment modality, specifically 
operative or nonoperative management and the specifics 
of surgical treatment or bracing were decided based on 
clinical condition, fracture characteristics, and neuro-
logic involvement by a fellowship-trained spine surgeon. 
Operative management specifically entailed spinal fusion 
with or without decompression. Surgical invasiveness was 
evaluated according to the spine surgical invasiveness in-
dex of Mirza et al. [22].

For each patient, computed tomography (CT) imaging 
of the entire spine was independently reviewed by three 
independent readers and graded by the previously validat-
ed AO Spine Injury Classification System (thoracolumbar, 
subaxial cervical, or upper cervical) as A-, B-, or C-type 
fractures [19-21]. Discrepancies in fracture classification 
were reviewed by the readers and resolved to a consen-
sus grade. Inter-rater reliability was then measured using 
Cohen’s kappa coefficient [23]. For patients with multiple 
spinal fractures, the most severe fracture as defined by the 
AO Spine Injury Classification System was documented 
and utilized for statistical analysis.

Demographic data, AO Spine Injury Classification, 
treatment modality, and 1-year mortality rates were com-
pared for patients with AS and DISH. Subgroups inclu-
sive of both ASD types were also created based on level 
of spinal segment injury. The subgroups were compared 
based on ASD type, AO Spine Injury Classification, treat-
ment modality, and 1-year mortality. Continuous variable 
comparisons including demographics such as age were 
performed with Student t-test. Categorical variable dif-
ferences including demographics or treatment modality 
proportions were assessed using Pearson’s chi-square test 
or Fisher’s exact test. Two-proportion Z-test were used to 
assess differences in mortality rates. A prior power analy-
sis using the 1-year mortality rates found by Meyer [24] 
and Einsiedel et al. [25] revealed that 92 patients would be 
required to obtain a power of 80%. Statistical significance 
was defined as p<0.05.

Results

Two-hundred and forty-seven patients with ASD and 
vertebral fractures were identified (Fig. 2). Eighty patients 
were eliminated based on the exclusion criteria. Of the re-
maining 167 patients, 74 patients were diagnosed with AS 
and 93 patients with DISH. Of them, 123 were male and 
44 were female. The mean age at the time of admission 
was 77.0±12.3 years. The mean age-adjusted Charlson 
comorbidity index (ACCI) (5.81±2.31 versus 5.04±2.80, 
p=0.06) and body mass index (29.9±10.4 kg/m2 versus 
31.7±12.9 kg/m2, p=0.33) were not significantly differ-
ent between patients with DISH and patients with AS. Of 
the study cohort, 135 patients (80.8%) had a low energy 
mechanism of injury, 162 (97.0%) survived their initial 

247 Patients with ASD and vertebral fractures

167 Patients with ASD and vertebral fractures only

74 Patients with AS and vertebral fractures only 93 Patients with DISH and vertebral fractures only

80 Patients excluded
- Absence of appropriate cross-sectional imaging (n=3)
- Not AO spine A-, B-, or C-type (n=15)
- Fractures outside the area of ASD (n=9)
- Polytrauma (n=53)

Fig. 2. Study recruitment. ASD, ankylosing spinal disorder; AS, ankylosing spondylitis; DISH, diffuse idiopathic skeletal hyperostosis.
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hospital admission, and 121 (72.5%) were followed up, 
(average follow-up, 8.9 months; range, 0.3–73.6 months). 
Moreover, 17 patients had multiple non-contiguous frac-
tures; there were 61 cervical, 45 thoracic, 36 thoracolum-
bar, and 25 lumbar fractures, and 86 A-type, 64 B-type, 
and 17 C-type fractures. Cohen’s kappa coefficient was 
0.62, demonstrating substantial agreement upon fracture 
classification among raters. Neurologic status classifica-
tion was not significantly different between AS and DISH 
patients (p=0.24). Treatment performed on 65 patients 

was surgical, while on 122 patients was nonsurgical. The 
mean surgical invasiveness index was greater in patients 
with AS compared to patients with DISH (14.1±4.8 versus 
10.1±4.8, p<0.05). Of the 65 surgically treated patients, 10 
(15.4%) had infection at the surgical site. At 1 year after 
initial presentation, 48 patients (28.7%) died. The mean 
ACCI was significantly different between living and de-
ceased patients (5.17±2.50 versus 6.21±2.57, p=0.02).

Type of ASD significantly correlated with AO Spine 
Injury Classification (p<0.001) (Table 1). A-type fractures 

Table 1. Baseline characteristics for patients stratified by ankylosing spinal disorder

Characteristic All study participants DISH AS p-value

No. of patients 167 93 74

Age (yr) 77.0±12.3 77.7±12.6 68.9±16.3 <0.001

Sex 0.216

Male 123 (73.7) 65 (69.9) 58 (78.4)

Female 44 (26.3) 28 (30.1) 16 (21.6)

Body mass index (kg/m2) 30.5±10.9 29.9±10.4 31.7±12.9 0.332

Age-adjusted Charlson comorbidity index 5.4±2.6 5.81±2.3 5.04±2.8 0.06

Mechanism of injury <0.001

Low-energy (e.g., ground-level fall) 135 (80.8) 87 (93.5) 48 (64.9)

High-energy (e.g., high-speed MVA) 32 (19.2) 6 (6.5) 26 (35.1)

AO Spine Injury Classification <0.001

A-type 86 (51.5) 64 (68.8) 22 (29.7)

A0 22 (13.2) 21 (22.6) 1 (1.4)

A1 37 (22.2) 33 (35.5) 4 (5.4)

A2 5 (3.0) 4 (4.3) 1 (1.4)

A3 11 (6.6) 2 (2.2) 9 (1.2)

A4 11 (6.6) 4 (4.3) 7 (9.5)

B-type 64 (38.3) 23 (24.7) 41 (55.4)

B1 7 (4.2) 6 (6.5) 1 (1.4)

B2 6 (3.6) 3 (3.2) 3 (4.1)

B3 51 (30.5) 14 (15.1) 37 (50.0)

C-type 17 (10.2) 6 (6.5) 11 (14.9)

AO Spine Neurologic Status Classification 0.242

N0 131 (78.4) 74 (79.6) 57 (77.0)

N1 3 (1.8) 2 (2.2) 1 (1.4)

N2 4 (2.4) 4 (4.3) 0

N3 5 (3.0) 5 (5.4) 0

N4 10 (6.0) 7 (7.5) 3 (4.1)

Nx 14 (8.3) 1 (1.1) 13 (17.6)

Values are presented as number, mean±standard deviation, or number (%). Eligible patients are stratified according to their type of ankylosing spinal disorder. p-values 
are from the Student t-test for quantitative variables and from the Pearson’s chi-square test or Fisher’s exact for categorical variables comparing AS to DISH.
DISH, diffuse idiopathic skeletal hyperostosis; AS, ankylosing spondylitis. 
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were more frequently seen in DISH fractures than in AS 
fractures (68.8% versus 29.7%). Conversely, B- and C-type 
fractures were less frequently seen in DISH fractures than 
in AS fractures (B-type: 24.7% versus 55.4%; C-type: 6.5% 
versus 14.9%). Type of ASD also significantly correlated 
with treatment modality (p<0.001) (Table 2). Patients 
with DISH fractures were more commonly managed non-
operatively than patients with AS fractures (73.1% versus 
45.9%). The type of ASD did not correlate with 1-year 
mortality (p=0.14) (Table 2). When stratified by spinal 
segment, AS fractures were more often managed opera-
tively compared to DISH fractures in the thoracic (p<0.05) 

and thoracolumbar (p<0.05) spine, but there was no 
significant difference in treatment of cervical (p=0.15) or 
lumbar (p=0.96) spine fractures (Table 2). At 1-year post-
injury, the mortality rate was 28.7% for all patients, 33.3% 
for patients with DISH, and 23.0% for patients with AS. in 
the length of stay (p=0.43), in-hospital mortality (p=0.13), 
30-day mortality (p=0.48), 90-day mortality (p=0.64), or 
proportion of patients with reduced long-term mobility 
(p=0.95) was not significantly different between AS and 
DISH (Table 2).

AO Spine Injury Classification significantly correlated 
with treatment modality (p<0.001) (Table 3). A-type 

Table 2. Treatment and outcomes for patients stratified by ankylosing spinal disorder

Characteristic All study participants DISH AS p-value

No. of patients 167 93 74

Fracture region

Cervical (C1–C7) 61 32 29 0.15

Nonoperative 29 (47.5) 18 (56.3) 11 (37.9)

Operative 32 (52.5) 14 (43.7) 18 (62.1)

Thoracic (T1–T10) 45 22 23 <0.05

Nonoperative 31 (68.9) 19 (86.4) 12 (52.2)

Operative 14 (31.1) 3 (13.6) 11 (47.8)

Thoracolumbar (T11–L1) 36 22 14 <0.05

Nonoperative 20 (55.6) 16 (72.7) 4 (28.6)

Operative 16 (44.4) 6 (27.3) 10 (71.4)

Lumbar (L2–L5) 25 17 8 0.96

Nonoperative 22 (88.0) 15 (88.2) 7 (87.5)

Operative 3 (12.0) 2 (11.8) 1 (12.5)

Treatment <0.001

Nonoperative 102 (61.1) 68 (73.1) 34 (45.9)

Operative 65 (38.9) 25 (26.9) 40 (54.1)

Surgical site infection 10 (15.4) 3 (12.0) 7 (17.5) 0.54

Surgical invasiveness index 12.6±5.2 10.1±4.8 14.1±4.8 <0.05

Length of stay (day)a) 7.6±6.2 7.3±6.4 8.0±5.8 0.43

Loss of mobilitya) 49 (30.2) 28 (17.3) 21 (13.0) 0.95

In-hospital mortality 5 (3.0) 1 (1.1) 4 (5.4) 0.13

30-Day mortality 13 (7.8) 6 (6.5) 7 (9.5) 0.48

90-Day mortality 25 (15) 15 (16.5) 10 (13.5) 0.64

1-Year mortality 48 (28.7) 31 (33.3) 17 (23.0) 0.14

Values are presented as number, mean±standard deviation, or number (%). Eligible patients are stratified according to their type of ankylosing spinal disorder. Catego-
rized by region of fracture and therapeutic intervention. Surgical invasiveness index calculated according to Mirza et al. [22]. Loss of mobility describes long-term need 
for assistive device, wheelchair, or bedridden status which was not present at baseline. Below are mortality rates stratified by intervention. p-values are from two pro-
portion Z-test for mortality, the Student t-test for quantitative variables, and Pearson’s chi-square test or Fisher’s exact for categorical variables comparing AS to DISH.
DISH, diffuse idiopathic skeletal hyperostosis; AS, ankylosing spondylitis.
a)Excludes in-hospital mortality.
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fractures were more commonly managed nonoperatively 
(84.9% versus 15.1%), while B- and C-type fractures, op-
eratively (B-type: 39.1% versus 60.9%; C-type: 23.5% ver-
sus 76.5%). This trend was consistent among patients with 
DISH (p<0.001) (Table 3) and patients with AS (p<0.05) 
(Table 3).

AO Spine Injury Classification did not correlate with 
1-year mortality (p=0.72) (Table 3). Similarly, there was 
no correlation between AO Spine Injury Classification 

and one-year mortality for patients with DISH (p=0.21) 
(Table 3) and patients with AS (p=0.50) (Table 3). In pro-
portional assessment of all ASD types, 1-year mortality 
was greatest among A-type (31.4%) fractures, followed by 
B-type (26.6%) and C-type fractures. Patients treated non-
operatively had a similar 1-year mortality compared to 
patients treated operatively (31.4% versus 24.6%, p=0.35) 
(Table 4). Operative as compared to nonoperative man-
agement had no significant differences in length of stay, 

Table 3. Treatment and 1-year mortality outcomes for ankylosing spinal disorder patients stratified by AO classification fracture pattern

Characteristic All study participants A-type B-type C-type p-value

No. of patients 167 86    64    17

Treatment <0.001

Nonoperative 102 (61.1) 73 (84.9)    25 (39.1)       4 (23.5)

Operative  65 (38.9) 13 (15.1)    39 (60.9)     13 (76.5)

DISH 64    23      6 <0.001

Nonoperative  68 (73.1) 56 (87.5)    10 (43.5)      2 (33.3)

Operative  25 (26.9)   8 (12.5)    13 (56.5)      4 (66.7)

AS 22    41    11 <0.05

Nonoperative  34 (45.9) 17 (77.3)    15 (36.6)      2 (18.2)

Operative  40 (54.1)   5 (22.7)    26 (63.4)      8 (81.8)

1-Year mortality rate   28.7 (48/167) 31.4 (27/86) 26.6 (17/64) 23.5 (4/17) 0.72

AS 23.0 (17/74) 22.7 (5/22) 19.5 (8/41) 36.4 (4/11) 0.50

DISH 35.6 (31/87) 34.4 (22/64) 39.1 (9/23)      0 (0/6) 0.21

Values are presented as number, number (%), or % (mortality/number). Eligible patients are stratified according to their AO classification fracture pattern and type of 
ankylosing spinal disorder. Mortality rates are presented as proportions. p-values are from the Pearson’s chi-square test or Fisher’s exact for categorical variables and 
two proportion Z-test for mortality. Comparisons are between fracture patterns.
AS, ankylosing spondylitis; DISH, diffuse idiopathic skeletal hyperostosis.

Table 4. Mortality & clinical outcomes for ankylosing spinal disorder patients stratified by management

Characteristic All study participants Nonoperative Operative p-value

No. of patients 167 102 65

1-Year mortality rate 28.7 (48/167) 31.4 (32/102) 24.6 (16/65) 0.35

AS 22.7 (17/74) 32.4 (11/34) 15.0 (6/40) 0.41

DISH 33.3 (31/93) 30.9 (21/68) 40.0 (10/25) 0.08

In-hospital mortality   3.0 (5/167)   3.9 (4/102)   1.5 (1/65) 0.33

30-Day mortality   7.8 (13/167)   8.8 (9/102)   6.2 (4/65) 0.51

90-Day mortality    15 (25/167) 15.7 (16/102) 13.8 (9/65) 0.74

Length of stay (day)a)   7.6±6.2   7.9±6.3   7.1±6.3 0.45

Loss of mobilitya) 30.2 (49/162) 32.3 (32/99) 27.0 (17/63) 0.47

Values are presented as number, % (affected number/number), or mean±standard deviation. Eligible patients are stratified according to their operative or nonopera-
tive management and type of ankylosing spinal disorder. Mortality rates are presented as proportions. Loss of mobility describes long-term need for assistive device, 
wheelchair, or bedridden status which was not present at baseline. p-values are from two proportion Z-test for mortality, chi-square for loss of mobility, and Student t-
test for length of stay comparing operative vs. nonoperative management.
AS, ankylosing spondylitis; DISH, diffuse idiopathic skeletal hyperostosis.
a)Excludes in-hospital mortality.
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in-hospital mortality, 30-day mortality, 90-day mortality, 
or loss of long-term mobility (all p>0.13) (Table 4).

Discussion

The distinct pathophysiology between AS and DISH 
results in unique injury characteristics in patients with 
spinal trauma. The purpose of this study was to identify 
differences between types of ASD with respect to fracture 
severity, treatment modality, and 1-year mortality rates. 
While patients with AS had more severe fractures and 
underwent operative intervention more frequently than 
patients with DISH, the type of ASD did not affect 1-year 
mortality rates. As expected, more severe fractures were 
more likely to undergo operative intervention. However, 
neither fracture severity nor treatment modality predicted 
1-year mortality rates.

Overall, this patient cohort and their injury patterns 
are consistent with those reported in previously published 
literature. The average age of the patients was 77 years, 
which is slightly older than the 45–76 years reported by 
Rustagi et al. [26] in their meta-analysis. However, most 
of the studies included in the meta-analysis focused solely 
on patients with AS, which have a younger average age at 
time of fracture than patients with DISH [4,6]. The larger 
number of patients with DISH included in this sample 
may account for the older average patient age; 73.7% of 
the patient cohort were males, which agrees with the fact 
that ASDs predominantly affect men [4,6,7]; 80.8% of 
the patients sustained a low-energy mechanism of injury, 
which is slightly higher than the 64%–78% previously 
reported [4,7,13]. However, the exclusion of polytrauma-
tized patients from this patient cohort likely eliminated 
more patients with high-energy mechanisms of injury. 
Approximately 10% of patients suffered fractures in non-
contiguous vertebrae, which is also similar to the previ-
ously reported data [6,27]. These findings suggest that this 
cohort was broadly representative of patients with ASDs 
that experienced isolated spinal injury.

In general, fractures which are classified as more severe 
by the AO Spine Injury Classification system are more 
likely to warrant operative intervention and portend worse 
long-term outcomes [28,29]. Although not significant, the 
data demonstrate a paradoxical trend in mortality as A-
type and B-type fractures had greater mortality than C-
type fractures. However, this trend may be explained by 
ACCI for the deceased patients, with ACCI of 6.85, 5.47, 

and 5.00 for A-type, B-type, and C-type fractures, respec-
tively. Additionally, this may have led to inadvertent selec-
tion bias as a portion of fracture patients are treated non-
operatively based on increased medical complexity and 
consequent risk of perioperative morbidity and mortality 
rather than based on fracture morphology alone.

In this cohort, isolated spinal fractures are more likely 
to undergo operative intervention in the setting of AS 
than in patients with DISH [13,30]. This may have been 
due to the prevalence of posterior element injury and the 
distribution of fractures which where AS fractures were 
more severe in nature than DISH fractures. Stratification 
by spinal segment demonstrates an interesting trend for 
DISH fractures. While cervical fractures underwent a 
similar rate of nonoperative and operative management, 
fractures at all other levels were more likely to be treated 
nonoperatively. This differential treatment is likely multi-
factorial, however, may be due in part to fixed kyphosis of 
the cervical spine, which complicates immobilization by 
bracing and makes operative intervention a more attrac-
tive option [9]. The sternal-rib complex of the thoracic 
spine imparts additional stability to those vertebrae which 
often makes thoracic spine fractures good candidates for 
nonoperative management [31]. Lastly, as the spinal cord 
generally terminates in the upper lumbar region there is 
lower risk of neurologic injury in for injuries in the lum-
bar spine.

Despite the differences in treatment between AS and 
DISH, the data seems to suggest that one-year mortality is 
not influenced by type of ASD or treatment modality. In 
fact, patients with DISH demonstrated similar mortality 
regardless of treatment. Although not significant, the data 
demonstrates improved mortality for patients with DISH 
that are treated nonoperatively. The mortality benefit of 
nonoperative management in patients with DISH may be 
due in part due to the relatively high rate of surgical site 
infection in this cohort. The paradoxical mortality benefit 
of nonoperative management encourages careful consid-
eration of indications for surgery as every procedure has 
risk of iatrogenic injury, implant failure, and infection. 
For patients with AS, although not significant, operative 
treatment showed a trend toward improved mortality over 
nonoperative treatment.

At 1-year post-injury, there was a significant difference 
between living and deceased patients regarding the bur-
den of medical comorbidities as measured by the ACCI 
at the time of injury. The ACCI may provide prognostic 
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information that helps to guide treatment decisions. This 
further suggests that perioperative risk stratification is 
imperative for good surgical outcomes in this high-risk 
patient population. A suggested management pathway 
prioritizes nonoperative management for all ASD frac-
tures unless specifically indicated by progressive deficit or 
significant fracture associated deformity (Fig. 3). While a 
substantial number of patients were treated with surgery, 
bracing with pain control and early mobilization was the 
standard for this cohort unless a clear operative indication 
existed.

This study has some limitations, due largely to its ret-
rospective nature. The selection of patients for surgical 
management may have obscured existing associations 
between treatment modality underlying patient medical 
comorbidity. For example, patients with baseline higher 

mortality risk, are more likely to be managed nonopera-
tively. Additionally, patients with DISH were older than 
the patients with AS. Age is a known predictor of mortal-
ity in fractures with ASD [6]. Regardless of age differences 
in this cohort, the burden of medical comorbidities as 
measured by the ACCI did not significantly differ between 
patients with DISH and AS, strengthening comparisons 
between the two groups. Despite these limitations, this 
patient cohort of 167 total patients is larger than most 
other studies on ASD fractures and power analysis sug-
gests adequate powering to detect differences between the 
two cohorts. In addition, the exclusion of polytraumatized 
patients likely strengthens this study as it limits confound-
ing medical and surgical complexities from analyses.

Conclusions

Although patients with AS suffered more severe fractures 
when compared to DISH and more frequently underwent 
surgery for these injuries, outcomes and one-year mor-
tality were not different between the two groups. While 
operative fixation is considered the dogmatic standard 
for fractures in the ankylosed spine, outcomes at 1 year 
suggest more clinical equipoise between operative or non-
operative management of fractures in patients with ASDs 
than has previously been reported. Consequently, there 
may be an opportunity for critical reappraisal of opera-
tive indications in ASD and a larger role for nonoperative 
management in these challenging patients. A trial of brac-
ing, pain control, and early mobilization is suggested for 
all patients with ASD fracture unless in case of emergent 
surgical indications or an eventual failure of nonoperative 
management. Future prospective studies should identify 
a treatment pathway to establish greater insight into the 
ideal treatment strategy for patients with ASDs.
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