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Spine Fractures in Patients With Ankylosing Spinal Disorders

Troy Caron, DO,* Richard Bransford, MD,† Quynh Nguyen, PAC,‡ Julie Agel, MA,†
Jens Chapman, MD,† and Carlo Bellabarba, MD†

Study Design. Retrospective review.
Objective. To describe the spine fracture characteris-

tics, current treatments, and their results in patients with
ankylosing spinal disorders (ASD), such as ankylosing
spondylitis (AS) and diffuse idiopathic skeletal hyperos-
tosis (DISH), with the hypothesis that complication and
mortality rates are high.

Summary of Background Data. Spine fractures in pa-
tients with ASD are unique and have only been described
in relatively small case series.

Methods. Retrospective review of a large consecutive
series of patients with spine fractures and ASD over a 7-year
period. Complications were stratified according to parame-
ters such as type and number of comorbidities, patient age,
and mechanism of injury. Predictors of mortality were ana-
lyzed by linear regression. Similarities between patients
with AS and DISH were evaluated by �2 analysis.

Results. Of the 122 spine fractures in 112 consecutive
patients with ASD, the majority were transdiscal exten-
sion injuries, most commonly affecting C6–C7. Eighty-
one percent of the patients had at least 1 major medical
comorbidity. Spinal cord injury was present in 58% of the
patients, 34% of whom improved by at least 1 American
Spinal Injury Association grade. Nineteen percent of pa-
tients had delayed diagnosis of their spine fracture, 81%
of whom had resulting neurologic compromise. Surgery
was performed on 67% of patients, consisting primarily of
multilevel posterior instrumentation 3 levels above and
below the injury. Eighty-four percent of all patients had at
least 1 complication. Mortality was 32% and correlated
with age �70 (P � 0.0001), number of comorbidities (P �
0.0001), and low-energy mechanism of injury (P � 0.009).
AS patients were younger (P � 0.03) and had a higher risk
of delayed fracture diagnosis (P � 0.012), but were oth-
erwise similar to DISH patients.

Conclusion. Patients with spine fractures and ASD are
at high risk for complications and death and should be
counseled accordingly. Multilevel posterior segmental in-
strumentation allows effective fracture healing. AS and
DISH patients represent similar patient populations for
the purpose of treatment and future research.
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Despite their different etiologies, the 2 primary ankylos-
ing spinal disorders (ASD), diffuse idiopathic skeletal hy-
perostosis (DISH) and ankylosing spondylitis (AS), lead
to ankylosis of the spinal column, which can render the
spine more susceptible to unstable fractures. With
changes in population demographics, the prevalence of
ASD can be expected to increase. Previous studies on the
subject of fractures in ASD have been limited by cohort
size and reporting on either AS or DISH. With this study,
we set out to compare these 2 disease entities in terms of
their respective demographic and radiographic injury
criteria and report on factors influencing morbidity and
mortality after fracture in an ankylosed spine.

Materials and Methods

This is a retrospective, institutional review board-approved co-
hort study of patients with AS or DISH who were treated for
spinal fractures at the Harborview Medical Center, a level-I ter-
tiary referral center. Patients were identified by searching spinal
radiograph and computed tomography (CT) reports from Janu-
ary 1, 2000, through December 31, 2006, in our institution’s
radiology database for the following keywords: ankylosing spon-
dylitis, ankylosing spine, ankylosis of the spine, AS, diffuse idio-
pathic skeletal hyperostosis, and DISH. The imaging studies and
corresponding electronic medical record for consecutive patients
identified with ASD were then reviewed for the presence of spinal
fracture. We excluded all patients with isolated spinous process
and transverse fracture, but included patients with spine fractures
in ASD. The patient demographics and major medical comorbidi-
ties using the Charlson1 comorbidity criteria that were collected
and used for comparison are listed in Table 1.

Initial screening revealed 570 patients with the diagnosis of
ASD (either DISH or AS) within the prescribed time period. After
individual screening of each case, we identified 122 fractures of
the spinal column affecting 112 patients (97 men and 15 women)
with ASD (74 DISH and 28 AS). The mean age was 69 years
(range, 21–98 years), and the most common mechanism of injury
(MOI) was a ground-level fall (44 patients, 39%). The median ISS
was 22 (mean, 25; range, 4–75). Nine (8%) patients had �1
noncontiguous spine injury. Radiographic and clinical follow-up
data were available for 62 (74%) of the 84 patients who survived
their initial hospitalization, with a mean follow-up of 6.5 months
(range, 1–36 months). We found a substantial increase in the
number of spine-injured patients with AS and DISH during the
study period (Figure 1).

Radiographic fracture comparison was accomplished by re-
cording injuries by their level of injury (Table 2). To allow for
further fracture pattern assessment of AS and DISH based on their
different patterns of ankylosis, we differentiated the injuries into 4
patterns based on fracture excursion through the intervertebral
disc, vertebral body, or both (Figure 2). We assessed radiographic
fracture severity by measuring angulation, translation, and dis-
traction. Angulation was calculated by the Cobb method, using
the superior endplate of the vertebral body above and the inferior
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endplate of the vertebral body below the injury as planes of refer-
ence. Translation was measured as the shortest anteroposterior
distance between the posterior vertebral body cortex rostral and
caudal to the fracture in the sagittal plane. Distraction was defined
as the closest rostral to caudal distance of the vertebral column at
the level of injury. These 3 measurements were obtained using the
Picture Archiving and Communication System software (GE
Healthcare, Chalfont St Giles, UK) to evaluate preoperative, im-
mediate postoperative, and last-available follow-up images. Key
clinical outcomes variables included American Spinal Injury As-
sociation (ASIA) spinal injury grades and motor scores, recorded
for pre- and post-treatment time points, and patient survival dur-
ing the study period. The influence of specific variables, such as
age, preoperative comorbidities, and MOI on mortality was also
assessed. Complications were categorized into delay of diagnosis
(defined as lack of documentation of an existing fracture within
24 hours of a patient’s initial assessment), neurologic deteriora-
tion (of spinal cord function; classified with ASIA functional grade
and motor score), surgical and medical complications, and lengths
of intensive care unit stay and hospital stay.

Ninety-one (81%) patients were diagnosed with comorbidi-
ties, with hypertension (41%), cardiac disease (33%), pulmonary
disease (15%), and morbid obesity (13%) being the most com-
mon. Fifty-four percent (58 of 112) of patients were recorded as
being affected with 2 or more major comorbidity categories. The

median length of hospitalization was 13 days (mean, 18 days;
range, 1–77 days). The median length of intensive care unit stay
was 5 days (mean, 11 days; range, 0–55 days). Patients with 2 or
more fracture levels were only included once in all patient level
analysis and were assigned to either the fracture level that corre-
sponded to their neurologic injury or to the most rostral level of
injury in the absence of neurologic deficits.

When there was a small cell size, Fisher exact test was used
to evaluate the difference between AS and DISH patients. Odds
ratios were calculated to compare the mortality after a spine
fracture in these groups.

Results

Fracture Characteristics
The majority of fractures were located in the cervical
spine 67 (55%), with decreasing frequency toward the

Table 1. Comparison of Patient Variables With Spine Fractures in AS and DISH

Variables AS DISH P

Age (mean, std �range�) 62.4, 15.1 (21–95) 69.9, 13.5 (35–98) 0.012*
Delay diagnosis (no. occurrence, diagnosis �24°) 14 (36.8%) 7 (9.5%) 0.003*
Operative care (no. patients treated surgically) 32 (84.2%) 43 (58.1%) 0.01*
ICU days (mean, std, �range�) 8.9, 11.0 (1–40) 11.1, 12.2 (1–55) 0.374
ISS (mean, std, �range�) 22.5, 14.8 (4–75) 25.9, 15.7 (5–75) 0.276
Hospital days (mean, std, �range�) 14.8, 10.3 (2–42) 19.4, 15.8 (1–77) 0.067
Sex (n, % male) 31 (81.6) 66 (89.2) 0.379
Mortality (n, % dead) 8 (21.1) 28 (38) 0.089
Pulmonary disease (n, % yes) 4 (10.5) 10 (13.5) 0.769
Diabetes mellitus (n, % yes) 9 (23.7) 21 (28.4) 0.658
Cardiac disease (n, % yes) 21 (55.3) 45 (60.8) 0.685
Renal disease (n, % yes) 3 (7.9) 3 (4.1) 0.406
Malignancy (n, % yes) 3 (7.9) 8 (10.8) 0.747
Neuromuscular disease (n, % yes) 2 (5.3) 9 (12.2) 0.327
Mechanism of injury (n, % low energy) 21 (55.3) 36 (48.6) 0.553

*Statistically significant.
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Figure 1. Annual number of patients treated with ankylosing spinal
disorders, 2000 to 2006.

Table 2. Injury Distribution in Patients With Ankylosing
Spinal Disorders

Region Level
Fractures,

n (%) AS DISH
Final SCI

ASIA (A–D)

Cervical
(n � 67; 55%
total fractures)

C2 8 (7) 2 6 40 (60%)
C2–C3 3 (2) 2 1
C3–C4 5 (4) 1 4
C4–C5 8 (7) 3 5
C5–C6 17 (14) 9 8
C6–C7 21 (17) 11 10
C7–T1 5 (4) 0 5

Thoracic
(n � 39; 32%
total fractures)

T1–T2 0 (0) 0 0 12 (31%)
T2–T3 0 (0) 0 0
T3–T4 2 (2) 0 2
T4–T5 2 (2) 0 2
T5–T6 3 (2) 1 2
T6–T7 4 (3) 1 3
T7–T8 4 (3) 1 3
T8–T9 3 (2) 0 3
T9–T10 9 (7) 3 6

T10–T11 4 (3) 0 4
T11–T12 5 (4) 1 4
T12–L1 3 (2) 1 2

Lumbar
(n � 16; 13%
total fractures)

L1–L2 7 (6) 3 4 3 (19%)
L2–L3 3 (2) 3 0
L3–L4 5 (4) 2 3
L4–L5 1 (1) 0 1
L5–L1 0 (1) 0 0

Total 122 44 (36%) 78 (64%) 55
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lower regions (26 [21%] thoracic, 19 [16%] thoraco-
lumbar, and 10 [8%] lumbar fractures). Hyperextension
was the most common injury displacement (89%, 94 of
112 patients), with C6–C7 being the most commonly
affected (Table 2). The level of injury was not correlated
with mortality. Fractures through the disc space (type I)
were most common overall (37%) and were most prev-
alent in DISH (45%), whereas fractures through the
body (type II) were more common in the AS patients
(38%; P � 0.98, �2; Table 3).

Treatment Data
Bracing was used as the definitive treatment in 20 (18%)
patients and for palliative reasons in 17 (15%) patients
deemed too medically unstable for surgery. There was
essentially no change in angulation, translation, and dis-
traction in patients who were braced (1 degree, 0 mm,
and 1 mm, respectively). Fifty-one percent (19 of 37) of
patients treated with a brace died, including 88% (15 of
17) of patients treated for palliative reasons and 20% (4
of 20) of patients treated definitively.

Seventy-five (67%) patients received surgical treat-
ment (58 [77%] posterior, 7 [11%] anterior, and 9
[12%] anteroposterior). The median time interval from
admission to surgical intervention was 2 days (mean, 5.6
days; range, 1–120 days). Average correction of angula-
tion, translation, and distraction between initial injury
radiographs and final postoperative follow-up in the sur-
gically treated patients was 5°, 1 mm, and 1 mm, respec-
tively. The most common surgical treatment was multi-

level posterior segmental fixation using screw and rod
constructs, with at least 3 bilateral points of fixation
above and below the injury (43 patients, 56%). No pa-
tient treated in this manner required reoperation for fail-
ure of fixation. Overall, 11 (14%) patients required re-
operation; 8 for debridement of postoperative infection,
2 for revision of asymptomatic suboptimally positioned
screws, and 1 for failure of anterior-only fixation.

Neurologic Injury
One hundred patients had a documented ASIA grade on
presentation, 58 of whom had spinal cord injury (SCI; 26
complete and 32 incomplete). Twelve patients had no
reproducible neurologic examination on admission be-
cause of head injury or prolonged intubation and were
excluded from the following assessment of neurologic
demographics and outcome. Cervical fractures were
more likely to be associated with SCI than fractures in
other regions of the spine (P � 0.0001). Seventy-five
percent (47 of 63) of cervical fractures were associated
with SCI, in contrast to 33% (6 of 18) of thoracic, 23%
(3 of 13) of thoracolumbar, and 33% (2 of 6) of lumbar
fractures (P � 0.0001).

Of the 100 patients with a recorded ASIA grade at the
time of injury, 10 died and 4 patients, all of whom had
been treated with a brace, were lost to follow-up. All
surgically treated patients who survived had a recorded
follow-up ASIA grade. Eighty-six patients with a docu-

Table 4. Neurologic Outcome by ASIA Spinal Injury
Grade at Admission vs. Final Follow-up for All Patients
With Ankylosing Spinal Disorders

Admit
Grade

Follow-up Grade

A B C D E

A 16 6 1
B 1 1
C 1 4 5
D 1 10 4
E 1 35

Bolded values identify no change from presenting examination to final
examination.

Figure 2. Classification of spine fractures in ankylosing spinal disorders. (A) Type I, disc injury; (B) Type II, body injury; (C) Type III, anterior
body or posterior disc injury; and (D) Type IV, anterior disc or posterior body injury.

Table 3. Fracture Patterns in Patients With Ankylosing
Spinal Disorders*

Injury Type
Total

(N � 90)
AS

(n � 29)
DISH

(n � 61)

I. Disk 33 (37%) 11 (38%) 22 (36%)
II. Body 28 (31%) 10 (34%) 18 (30%)

III. Body anterior, disc
posterior

16 (18%) 4 (14%) 12 (20%)

IV. Disc anterior, body
posterior

13 (14%) 4 (14%) 9 (15%)

*Also see Figure 1.
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mented follow-up neurologic examination at least 3
months after injury were included in the following anal-
ysis of neurologic outcome. Their preoperative and last-
known postoperative neurologic assessment is illustrated
in Tables 4 to 6. Seventeen (34%) of the 50 patients who
initially had compromised neurologic function improved
by at least 1 ASIA grade, whereas 3 (5%) of 63 patients
worsened by at least 1 ASIA grade after admission.

An epidural hematoma was identified on neuroimag-
ing in �7% of DISH (5 of 74) and AS (3 of 38) patients.
Seven of these 8 patients presented with neurologic def-
icits, 1 of whom deteriorated further after initiation of
treatment.

Complications
Medical complications are listed in Table 7. Complica-
tions specific to surgical procedures and their frequency
of occurrence are listed in Table 8. Eighty-four percent of
patients had at least 1 complication.

We identified a delay in diagnosis in 21 (19%) pa-
tients, 19 of whom were transferred from another facil-
ity. Delay in diagnosis, therefore, occurred in 30% (19 of
63) of patients transferred to our institution. Eighty-one
percent (17 of 21) of patients with delayed diagnosis
were found to have deteriorated from their initial neuro-
logic function. We found no statistical correlation be-
tween delayed diagnosis and mortality.

The 1-year mortality was 32% (36 of 112 patients).
Details of the relationship between patient comorbidities
and mortality are listed in Table 9. Of the 36 patients
who died, 81% (29 patients) did so during their initial
hospitalization whereas 19% (7 patients) died a mean of

5 months after injury. Mortality of the surgically treated
group was 23% (17 of 75), compared with 51% (19 of
37) mortality with nonoperative treatment (P � 0.005,
�2). There was a significantly higher 44% mortality (25
of 57) in patients with low-energy MOI, compared with
20% mortality (11 of 55) after high-energy MOI. The
odds ratio for the MOI variable showed that patients
with low-energy MOI were 3 times more likely to die
than patients subjected to high-energy MOI (odds ratio
3.1 [1.3, 7.2] P � 0.009). Assessment of the influence of
age on mortality showed 84% mortality (21 of 25) for
patients aged 80 years or older compared with 38% (11
of 29) for patients in their 70s, 9% (2 of 23) for patients
in their 60s, and 6% (2 of 35) for patients younger than
60. The difference in mortality was statistically signifi-
cant when comparing all patients under age 70 with
those patients aged 70 years or older (P � 0.0001) and
when comparing the group of patients 70 to 79 years old
with those who were at least 80 (P � 0.0093). There was
no difference in mortality between patients younger than
60 years and those between 60 and 69 (P � 0.93, anal-
ysis of variance with post hoc test). There was no differ-
ence in mortality between patients presenting with SCI
and patients who were neurologically intact (28% each,
�2, 0.91). Thirty percent (6 of 20) of patients with delay
in diagnosis died, compared with 33% (30 of 92) of
patients without delayed diagnosis (P � 0.82).

Predictors of Mortality
Linear regression demonstrated that age is the primary
predictor of mortality. Cardiac disease was the only
other statistically significant comorbidity predictive of
patient mortality (Table 9). Because the number of co-
morbidities correlated with both patient age and mortal-

Table 7. Adverse Events Associated With Spine
Fractures in Patients With Ankylosing Spinal Disorders
for All Patients (N � 12)

Pulmonary problem 39 (35)
Urinary tract infection 24 (21)
Percutaneous external gastrostomy tube 11 (10)
Tracheostomy 11 (10)
Deep venous thrombosis 9 (8)

Values in parentheses indicate percentage values.

Table 8. Adverse Events Associated With Spine
Fractures in Patients With Ankylosing Spinal Disorders
for Surgical Complications (N � 75 Surgically
Treated Patients)

Pharyngeal penetration 1 (1)
Wound infection 12 (16)
Failure of anterior surgical fixation 1 (1)
Secondary fracture displacement after decompression of

epidural hematoma without stabilization
1 (1)

Basiliar invagination after fracture nonunion requiring surgery
15 mon after injury, with subsequent death

1 (1)

Intraoperative hypotension 3 (4)
Revision of hardware because of suboptimal positioning 2 (3)

Values in parentheses indicate percentage values.

Table 5. Neurologic Outcome by ASIA Spinal Injury
Grade at Admission vs. Final Follow-up for AS Patients

Admit
Grade

Follow-up Grade

A B C D E

A 8 3 1
B 1
C 1 3
D 3 4
E 10

Bolded values identify no change from presenting examination to final
examination.

Table 6. Neurologic Outcome by ASIA Spinal Injury
Grade at Admission vs. Final Follow-up for DISH Patients

Admit
Grade

Follow-up Grade

A B C D E

A 8 3
B 1
C 4 2
D 1 7
E 1 25

Bolded values identify no change from presenting examination to final
examination.
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ity (P � 0.0001, Spearman correlation) we conclude that
the cumulative effect of comorbidites is likely responsible
for the strong correlation between age and mortality. A
summary of patient demographics and complications as
well as mortality is presented in Table 9. Patients with a
low-energy MOI, such as a ground-level fall, were statis-
tically more likely to die from their injury. We attribute
this to the older age and greater number of comorbidities
found in patients who sustain fractures from more trivial
mechanisms. The 57 patients who sustained a low-
energy MOI had a mean age of 72 years (range, 42–98
years) whereas the 55 patients with higher-energy MOI
had a mean age of 63 (range, 21–87 years, P � 0.002).

Comparison of Patients With AS and DISH
Radiographic comparison of AS and DISH regarding
fracture patterns using our 4-part descriptor revealed no
differences between either disease entity. In comparative
analysis of clinical variables, patients with AS experi-
enced a statistically higher likelihood of delay in diagno-
sis and to be treated surgically (Table 1).

Discussion

The published literature has separated injuries to pa-
tients with AS and DISH, leading to case series limited to
4 to 37 patients (Table 10). This differentiation, although
meaningful for radiographic diagnosis and etiology, has
restricted scientific insights to perspectives gleaned from
smaller patient collectives. The 2 most common types of

ASD (DISH and AS) share important clinical features,
such as functional spinal ankylosis, poor bone quality,
advanced patient age, and presence of comorbidities.
DISH and AS expose the injury site to long lever arms
produced by stiffness of the otherwise largely ankylosed
spinal column, thus rendering even harmless-appearing
fractures highly unstable (Figure 3).2–4 Patients with AS
and DISH are susceptible to noncontiguous spine frac-
tures,5 as confirmed by the 8% likelihood of noncontig-
uous injuries in this study. Patients with ASD present
considerable diagnostic and treatment challenges, with a
reported incidence of delay in diagnosis up to 5%6 and
have a reported 8% to 60% incidence of morbidity or
mortality.2,6–9 Our study confirmed a high cumulative
rate of adverse occurrences of 84%. Presence of epidural
hematoma induced by the unstable nature of the fracture
and concurrently present hyperemic tissues present in an
inflammatory disease process was found in 7% of AS and
DISH patients alike. The associated likelihood of neuro-
logic compromise was 88%, with little difference be-
tween AS and DISH patients. Although the risk of epi-
dural hematoma in AS patients who sustain fractures of
the spine has been well established in the literature,10,11

the risk in DISH patients has been thought to be much
lower.2,4,7,8,11,12 To our knowledge, our discovery of an
equivalent risk of epidural hematoma in patients with
DISH and AS has not previously been reported.

Delay in diagnosis can adversely affect a patient with
fracture in ASD and has been reported with variable fre-
quency using a number of different definitions.13,14 In our
study, almost one fifth of patients with ASD had a delay in
the diagnosis of their spine fracture, affecting most com-
monly patients with AS and patients transferred to our in-
stitution. Patients with unrecognized fractures commonly
complained of axial pain until abrupt neurologic deteriora-
tion occurred. Delay in diagnosis has been reported to be
associated with neurologic complications in 19.5% to
100% of patients. In our study, delay in diagnosis was as-
sociated with an 81% likelihood of decline in neurologic
function. Because of the well-documented difficulties in ra-
diographically visualizing the spine in ASD, screening of the
entire spinal column with advanced neuroimaging (mag-
netic resonance imaging or CT) has been recommended.15

Table 9. Variables in Linear Regression Model
Predicting Mortality by Comorbidities as Well as
Selected Injury Circumstances, Excluding the Influence
of Age

Mortality and P

Cardiac disease 0.023*
Delayed diagnosis 1
Diabetes mellitus 0.82
Low-energy mechanism of injury 0.009*
Malignancy 0.170
Neurological injury 0.170
Pulmonary 0.219
Renal 1.00

*Statistical significance.

Table 10. Comparison of Results From This Study With Previously Published Reports

Author
No.

Points
AS or
DISH

Level
of

Injury

Delay
Diagnosis

(%)
Neurologic
Injury (%)

Neurologic
Recovery

(%)

Mechanism
of Injury

(Low) (%)
Mortality

(%)
Morbidity

(%)

Epidural
Hematoma

(%)
Comorbidities

(%)

This study 112 AS, DISH C, TL 19 58 (C, 75; TL, 30) 34 51 32 84 7 81
Einsiedel et al2 37 AS C 35 97 100 45 8 32 0 49
Hitchon et al16 11 AS TL 55 50 72
Meyer7 29 DISH C 62 72 31
Olerud et al17 31 AS C, TL 87 63 58
Burkus et al18 4 DISH T
Rowed8 21 AS C 76 71 29 10
Paley et al19 8 DISH C, TL 38 88 71 50
Trent et al6 7 AS TL 50 38 63 13
Grisolia20 6 AS C, TL 33 83 50
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Despite using our screening protocol, we found a delay of
ASD fracture diagnosis in 19% of patients initially admit-
ted to our institution.

Absence of a control group makes any specific recom-
mendations regarding treatment not feasible. However,
we found no case of fixation failure with multisegmental
posterior constructs spanning 3 levels or more above and
below the injury. We observed no need for supplemental
anterior column reconstruction in patients with multi-
segmental posterior fixation, despite the frequent occur-
rence of large anterior column defects after correction of
preinjury kyphotic alignment.

The primary determinant of mortality was the patient
age, which also correlated with the number of comor-
bidities. The three-fold higher likelihood of death in pa-

tients with low-energy injuries was also attributed to
their significantly older age and greater number of co-
morbidities.

On the basis of our comparison of spine fractures with
DISH and AS we found these 2 groups to be sufficiently
similar to permit combining them for more meaningful
future outcome assessments. Differences in age and delay
in diagnosis should, however, be considered when com-
bining these patient groups.

Inherent drawbacks to this study lie in its retrospec-
tive nature, because complications associated with spine
fractures in ASD and their treatment may have been un-
der-represented by the medical record. However, the size
of our consecutively accumulated ASD fracture popula-
tion and our consistently applied diagnostic and treat-

Figure 3. Nondisplaced fracture with epidural hematoma in a patient with ankylosing spondylitis. Midline sagittal CT image (A) and paramedian
sagittal CT image (B) of the cervical spine in a 71-year-old man with ankylosing spondylitis and progressive neurologic deficits after a
ground-level fall, showing a nondisplaced 3-column fracture at C6–C7 (arrows). (C) Axial CT image at C7 demonstrates a bilaminar fracture
(arrows) and spinous process fracture, indicating a hyperextension injury mechanism. (D) Short inversion time inversion recovery sequence
sagittal magnetic resonance imaging (MRI) and (E) T2-weighted axial MRI images show an epidural hematoma with severe spinal cord
compression, anterior and posterior soft tissue edema, and increased signal in the C7 body, consistent with fracture. Urgent decompression of
the epidural hematoma was performed without internal fixation because of lack of appreciation for the degree of fracture instability. (F) Sagittal
CT image immediately after surgery shows displacement of the fracture despite continued cervical collar immobilization and spine precautions
with mandatory supine positioning. Fortunately, the patient’s neurologic condition improved after the decompression, despite the fracture
displacement. C3–T3 posterior stabilization was done on an urgent basis. (G) Sagittal CT image and (H) anteroposterior radiographs of the
cervical spine 10 months after surgery show a stable and acceptably aligned cervical spine. The patient’s ASIA motor score improved from 32
before decompression of the epidural hematoma to 99 at the time of follow-up. Even nondisplaced fractures in patients with ankylosing spinal
conditions are likely to be highly unstable 3-column injuries and should be treated with caution.
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ment algorithm allows for a meaningful interpretation of
commonly encountered care problems and comparison
of the 2 disease entities.

Conclusion

Patients with ASD who sustain fractures of the spine
provide daunting treatment challenges. The unstable na-
ture of even harmless-appearing injuries dictates that
most fractures require long-segment posterior fixation,
along with posterior decompression if deemed necessary.
With this approach, one third of patients with neurologic
deficits in this study improved by at least 1 ASIA grade.
Because diagnostic delays are common and often result
in neurologic compromise, our treatment approach has
involved the routine use of CT or magnetic resonance
imaging to evaluate for spine fractures. Mortality corre-
lated strongly with number of comorbidities, both of
which increased precipitously after age 70. We believe
this information will help advance our current under-
standing of problems encountered with ASD-related
spine fractures, namely, (i) increased vigilance in de-
tecting and appropriately treating minimally displaced
fractures and (ii) providing prognostic information
and a more informed consent process to affected pa-
tients and their families. Our results also support the
view that fractures of the spinal column in patients
with AS and DISH are sufficiently similar to be consid-
ered together in terms of institutional diagnostic and
treatment protocols and future research endeavors.

Key Points

● Spine fractures that occur in patients with ASD
are usually unstable 3-column hyperextension
fractures that most commonly affect the
C6 –C7 level.

● Patients with AS versus DISH who sustain spine
fractures are similar in most regards, with the
exception of younger age and higher likelihood
of delayed diagnosis in patients with AS.

● The 32% mortality in patients with ASD who
sustained spine fractures correlated with ad-
vanced age, number of comorbidities, and low-
energy mechanism of injury.

● Delayed diagnosis occurred in 19% of ASD-
related spine fractures, was particularly common
in nondisplaced fractures after trivial injuries,
and was associated with an 81% likelihood of
neurologic worsening.

● Posterior segmental fixation alone, extending a
minimum of 3 levels above and below the injury,
resulted in reliable fracture healing.
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