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Ankylosing spondylitis (AS) and diffuse idiopathic 
skeletal hyperostosis (DISH) are diseases both 
leading to ankylosis of the spine, resulting in a 

rigid, fracture-prone spine. Because of their similarities 
the two are often grouped together in the literature.5,19,23 
However, AS and DISH are different diseases and have a 
different morphology of ankylosis.7,12,16

AS is a rheumatic inflammatory disease, affecting pre-
dominantly (90.3%) human leukocyte antigen–B27 posi-
tive patients, 64% of whom are men.9 About 80% of the 
patients experience onset of symptoms before the age of 
30 years. Chronic inflammation of the axial skeleton in 
these patients eventually results in ankylosis of the facet 
joints, ligaments, and intervertebral space. Patients with 
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OBJECTIVE Spinal cord injury (SCI) is a major complication of spinal fractures in patients with ankylosing spondylitis 
(AS) and diffuse idiopathic skeletal hyperostosis (DISH). Due to the uncommon nature of these conditions, existing 
literature consists of relatively small case series without detailed neurological data. This study aims to investigate the 
incidence, predictors, and sequelae of SCI in patients with a traumatic fracture of the ankylosed spine.
METHODS The study included all patients older than 18 years of age with AS or DISH who presented to two affiliated 
tertiary care centers between January 1, 1990, and January 1, 2016, and had a traumatic fracture of the spine. Factors 
associated with SCI after traumatic fracture were compared using Fisher’s exact tests. Logistic regression was used for 
the analysis of predictive factors for SCI. For the comparison of probability of survival between patients with and without 
SCI, Kaplan-Meier methodology was used.
RESULTS One hundred seventy-two patients with a traumatic fracture of an ankylosed spine were included. Fifty-seven 
patients (34.1%) had an SCI associated with the fracture. The cervical spine was the most fractured region for patients 
both with (77.2%) and without (51.4%) SCI. A cervical fracture (odds ratio [OR] 2.70, p = 0.024) and a spinal epidural he-
matoma (SEH) after fracture (OR 2.69, p = 0.013) were predictive of SCI. Eleven patients (19.3%) with SCI had delayed 
SCI (range 8–230 days). Of 44 patients with SCI and sufficient follow-up, 20 (45.5%) had neurological improvement after 
treatment. Early and late complication rates were significantly higher (p = 0.001 and p = 0.004) and hospital stay was 
significantly longer (p = 0.001) in patients with SCI. The probability of survival was significantly lower in the SCI group 
compared with the non-SCI group (p = 0.006).
CONCLUSIONS The incidence of SCI was high after fracture of the spine in patients with AS and DISH. Predictive fac-
tors for SCI after fracture were a fracture in the cervical spine and an SEH following fracture. One-fifth of the patients 
with SCI had delayed SCI. Patients with SCI had more complications, a longer hospital stay, and a lower probability of 
survival. Less than half of the patients with SCI showed neurological improvement.
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AS generally show marginal syndesmophyte formation, 
leading to the classic “bamboo spine” radiographic ap-
pearance.16,24

DISH, in contrast to AS, is a noninflammatory disease, 
but the cause of DISH remains unknown. DISH generally 
manifests over the age of 50 and occurs roughly twice as 
often in men. Like AS, DISH causes bone proliferation 
resulting in ankylosis of the spine. However, patients with 
DISH generally show nonmarginal syndesmophyte for-
mation, ossification of the anterior longitudinal ligament, 
and no involvement of the sacroiliac joint.16,24

Spinal cord injury (SCI) is a common and serious com-
plication after traumatic fracture of the ankylosed spine 
and has a large impact on morbidity and mortality.5,12,19 
The rate of SCI after traumatic fractures in patients with 
AS and DISH ranges between 19% and 97.3%.7,15,19,23 How-
ever, the number of patients in previous studies on spinal 
fractures of the ankylosed spine is low, especially with 
regard to SCI, and information about it is scarce.5,23 This 
study aims to investigate the incidence, predictors, and se-
quelae of SCI in patients with a traumatic fracture of the 
ankylosed spine.

Methods
Study Design and Patients

Approval of our study design was obtained from the 
Partners IRB. We included all patients 18 years of age and 
older diagnosed with AS or DISH with a traumatic fracture 
of the spine who presented to two affiliated tertiary care 
centers (Massachusetts General Hospital and Brigham 
and Women’s Hospital) between January 1, 1990, and 
January 1, 2016. We identified patients by searching our 
institution’s data registry for the ICD-9 and ICD-10 codes 
for both AS and DISH. All patient records were manually 
reviewed for diagnosis of AS or DISH and a traumatic spi-
nal fracture. Those patients who had a pathological frac-
ture, who had a fracture before the age of 18, or who did 
not have signs and/or symptoms of AS or DISH at the time 
of fracture were excluded.

Variables
For each patient, data were manually collected from 

their electronic records regarding age, body mass index 
(BMI), smoking status, medical comorbidities, race, sex, 
region of fracture, mechanism of trauma, type of treat-
ment, and complications. The medical comorbidities were 
collected for the date of the fracture and included hyper-
tension and diabetes mellitus. The Charlson Comorbidity 
Index (CCI) score at the time of fracture was programmed 
using diagnostic codes.6,18 Region of fracture was divided 
into cervical, thoracic, lumbar, sacral, and multiregion 
groups (e.g., C7–T1 fracture included in cervical, tho-
racic, and multiregion group; C6–7 fracture only in cervi-
cal group). Mechanism of trauma was divided into low-
impact (e.g., fall from a sitting or standing position), and 
high-impact trauma (e.g., motor vehicle accident or a fall 
from more than 8 feet).

Outcome Measures
We calculated time to presentation, diagnosis, treat-

ment, discharge, and death. We used our institution’s elec-
tronic records combined with the National Death Index to 
obtain the date of death to calculate mortality. We manu-
ally graded the degree of SCI using the American Spinal 
Injury Association (ASIA) Impairment Scale (AIS) pre- 
and postinjury, at first SCI symptoms (baseline SCI), at 
discharge, at change of SCI grade, and at last follow-up. 
Patients with an AIS grade decline of 1 grade or more 
(such as E to D) at any point after fracture were considered 
SCI patients. We categorized all SCI patients as either 
complete (AIS Grade A) or incomplete (AIS Grade B–D) 
SCI. Patients with SCI who showed an improvement of at 
least 1 AIS grade (such as D to E) during follow-up were 
considered neurologically improved. Early complications 
included all complications that occurred within 90 days 
after fracture. Late complications included all complica-
tions that occurred later than 90 days after fracture. We 
collected spinal epidural hematoma (SEH) data following 
fracture as a separate variable from the complications. De-
layed diagnosis was defined as fracture diagnosis after the 
day of trauma. We defined delayed SCI as the development 
of SCI more than 24 hours after trauma. We subcatego-
rized delayed neurological decline into 2 groups. In Group 
1, patient’s delay was defined as patient’s presentation later 
than 24 hours after trauma, and in Group 2, doctor’s delay 
was defined as diagnosis later than 24 hours after patient’s 
presentation to the hospital. All patients using systemic 
steroids for more than 90 days at the moment of fracture 
were categorized as chronic steroid users. We defined ini-
tial fracture treatment as the definitive treatment within 
the first admission after fracture diagnosis.

Statistical Analysis
We used Stata software (version 13.0, StataCorp) for the 

statistical analysis. For bivariate analysis, Fisher’s exact 
tests were performed for noncontinuous data. For continu-
ous nonparametric data, Mann-Whitney U-tests were per-
formed. Nonparametric continuous data were described 
with the median and the interquartile range (IQR). Pre-
dictive factors for SCI after fracture that showed a trend 
toward significance (p < 0.100) were analyzed for indepen-
dence in a multivariable analysis using a logistic regres-
sion model. A Kaplan-Meier survival estimate was used 
to compare the probability of survival between groups. A 
p value less than 0.050 was considered significant.

Results
Our search resulted in 2089 patients with a diagnosis 

of AS or DISH. We identified 189 traumatic fracture in-
cidents in 172 patients. All first-time traumatic spine frac-
tures (n = 172) were used for the analysis. One hundred 
thirty-four patients (77.9%) were diagnosed with AS and 
26 patients (15.1%) with DISH (Table 1). For 12 patients 
(7.0%) no differentiation between AS and DISH could 
be made, because patients had radiographic signs of both 
diseases (AS/DISH group). When comparing the AS and 
DISH groups we found no significant difference in pa-
tients’ baseline characteristics (Table 1).

SCI occurred in 57 (34.1%) of 167 patients, including 
21 (38.2%) with complete and 34 (61.8%) with incomplete 

Unauthenticated | Downloaded 05/23/23 11:10 PM UTC



Spinal cord injury after ankylosing spine fractures

J Neurosurg Spine Volume 27 • December 2017 711

SCI; the baseline SCI AIS grade for 2 patients was un-
known. Of the patients with SCI, 36 (63.2%) had SCI with-
in 24 hours after fracture and 11 (19.3%) had delayed SCI. 
Treatment is also a concern for SCI because the fracture 
can displace during positioning of the patient: 6 patients 
(10.5%) with SCI had SCI as a direct result of surgical 
intervention for their fracture (Fig. 1).20 The relative time 
of SCI versus the time of fracture was unknown in 4 pa-

tients. There was no significant difference in the SCI rate 
between the AS (n = 43, 33.3%) and DISH (n = 11, 42.3%) 
groups (p = 0.378).

Fracture Characteristics in SCI Patients
The cervical spine was the most frequently fractured re-

gion in both the non-SCI (51.4%) and SCI patients (77.2%), 
occurring mostly in C5–7 (Fig. 2). However, the cervi-

TABLE 1. Baseline characteristics and comparison of AS versus DISH

Characteristic Total* AS DISH p Value

No. of patients 172 (100) 134 (77.9) 26 (15.1)
Median age in yrs (IQR)† 69.3 (53.4–81.0) 68.6 (52.2–79.3) 71.3 (56.3–81.5) 0.377
Median CCI (IQR)‡ 1 (0–3) 1 (0–3) 0 (0–3) 0.243
Median hospital stay in days (IQR)§ 7 (3–15) 7 (2–15) 6 (3–13) 0.731
Sex 0.374
 Male 146 (84.9) 113 (84.3) 24 (92.3)
 Female 26 (15.1) 21 (15.7) 2 (7.7)
Race 0.329
 Caucasian 157 (91.3) 123 (91.8) 23 (88.5)
 African American 4 (2.3) 4 (3.0) 0 (0.0)
 Hispanic/Latino 4 (2.3) 2 (1.5) 1 (3.9)
 Asian 2 (1.2) 2 (1.5) 0 (0.0)
BMI (kg/m2) 0.503
 <25 30 (32.3) 23 (34.9) 4 (23.5)
 25–30 24 (25.8) 14 (21.2) 6 (35.3)
 >30 39 (41.9) 29 (43.9) 7 (41.2)
Smoking 0.674
 Yes 28 (19.6) 22 (20.6) 5 (20.0)
 Former 69 (48.3) 50 (46.7) 14 (56.0)
 No 46 (32.2) 35 (32.7) 6 (24.0)
Hypertension 120/154 (77.9) 87/118 (73.7) 22/25 (88.0) 0.195
Diabetes mellitus 50/156 (32.1) 40/120 (33.3) 6/25 (24.0) 0.480
Chronic steroid use 14/127 (11.0) 14/93 (15.1) 0/24 (0.0) 0.071
Traumatic impact
 High 43 (25.9) 35 (27.3) 7 (26.9) 0.999
 Low 123 (74.1) 93 (72.7) 19 (73.1)
Region of fracture¶**
 Cervical spine 104 (60.8) 80 (60.2) 16 (61.5) 0.999
 Thoracic spine 72 (42.1) 54 (40.6) 12 (46.2) 0.666
 Lumbar spine 26 (15.2) 22 (16.5) 3 (11.5) 0.769
 Sacral spine 3 (1.8) 3 (2.3) 0 (0.0) 0.999
 Multiregion 32 (18.7) 24 (18.1) 5 (19.2) 0.999
Vertebrae involved in fracture 0.822
 1 61 (36.8) 47 (36.4) 10 (40.0)
 ≥2 105 (63.3) 82 (63.6) 15 (60.0)

All data given as number of patients (%) unless otherwise indicated.
* There were 12 patients (7.0%) in the AS/DISH group (no differentiation between AS and DISH could be made). 
† Age: n = 165 (95.9%), AS = 127 (94.8%), DISH = 26 (100%).
‡ CCI: n = 132 (76.7%), AS = 97 (72.4%), DISH = 24 (92.3%).
§ Hospital stay: n = 126 (73.3%), AS = 95 (70.9%), DISH = 22 (84.6%).
¶ Region of fracture: n = 171 (99.4%), AS = 133 (99.3%), DISH = 26 (100%).
** Cumulative percentage is > 100% because some patients had a fracture involving multiple regions after a single trauma (for example, C7–T1 
fracture included in cervical, thoracic, and multiregion groups).
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cal vertebrae were more frequently fractured in patients 
with SCI than in patients without SCI (p = 0.001; Table 
2). SEH following fracture occurred in 16 patients with an 
SCI (32.7%; AS = 25 [21.6%], DISH = 5 [22.7%]). Logis-
tic regression demonstrated that a fracture in the cervical 
region (odds ratio [OR] 2.70, 95% confidence interval [CI] 
1.24–5.87; p = 0.024) and an SEH following spinal frac-
ture (OR 2.69, 95% CI 1.14–6.34; p = 0.013) were indepen-
dently significantly predictive for SCI.

Delayed SCI
Of all patients with delayed SCI (n = 11), 4 patients 

had a fracture after trauma, but were sent home without 
a fracture diagnosis after the initial hospital presentation; 
subsequently they developed SCI 8, 18, 37, and 230 days 
after fracture (Fig. 3). Another 3 patients did not visit a 
physician after a fall and developed a delayed SCI 11, 27, 
and 193 days after fracture. The remaining 4 patients de-
veloped SCI some time after initial fracture treatment: 3 
of 4 patients after conservative treatment, 14 and 71 days 
after fracture (time for 1 patient unknown), and 1 patient 
suffered a minor fall 25 days after initial surgical fracture 
treatment, resulting in an SCI due to a dislocation of the 
anterior plate and an anterior dislocation of C-6 on C-7. 
The median time between fracture and delayed SCI for all 
patients was 26 days (IQR 14–71 days).

Improvement of Neurological Function
A total of 44 patients with SCI (77.2%) survived the ini-

tial hospital stay, were not lost to follow-up, and had suf-
ficient follow-up reports regarding SCI grade. The median 
follow-up duration after treatment for SCI of both groups 
was 248 days (IQR 69–1384 days). Thirty-eight patients 
received surgical treatment after SCI, of whom 18 patients 
(47.4%) had neurological improvement after treatment. 
Median time to surgery after SCI was 2 days (IQR 1–13 
days). Six patients were treated nonoperatively, of whom 
2 (33.3%) showed improvement of neurological function. 

Of the 20 total patients who experienced neurological im-
provement during follow-up, 21.4% (3 of 14) had a com-
plete SCI at baseline and 56.7% (17 of 30) had incomplete 
SCI (p = 0.050; Table 3). The median time to neurological 
improvement after treatment for SCI was 35 days (IQR 
12–58 days). Only 1 patient showed improvement after 
3 months. This patient received only conservative treat-
ment and had an initial AIS Grade A that improved to AIS 
Grade B after 7.3 years. Patients who showed improved 
neurological function were significantly younger (median 
61.5 years) compared with patients who did not improve 
(median 72.8 years) during follow-up (p = 0.006).

Complications and Mortality
Early complications occurred in 87 patients (50.6%). 

The most frequent early complications were pneumonia (n 
= 22, 12.8%), respiratory failure (n = 11, 6.4%) and altered 
mental status (n = 11, 6.4%). Late complications were not-
ed in 20 (14.3%) of 140 patients with late complication 
data. Most frequent late complications were kyphotic de-
formity (n = 7, 5.0%), urinary tract infection (n = 6, 4.3%), 

FIG. 1. Case 1. A 76-year-old man with AS presented to the hospital 
after a low-impact trauma, without neurological deficit (AIS Grade E). CT 
showed a fracture involving C6–7 (left). The patient underwent opera-
tive treatment. Immediately after surgery he suffered a complete para-
plegia (AIS Grade A). CT showed canal compromise due to hyperexten-
sion of the cervical spine (right). This case highlights the importance of 
taking into account a rigid kyphotic cervical deformity during positioning, 
common in patients with AS and DISH.

FIG. 2. Distribution of the fracture region in patients with traumatic anky-
losing spine fracture, without and with SCI. Data were available for 106 
patients (96.4%) in the group without SCI, and 55 (98.2%) in the group 
with SCI.
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and wound infection (n = 3, 2.1%). Bivariate analysis re-
vealed that patients with SCI were more likely to be ini-
tially treated surgically than conservatively (n = 43, 75.4%; 
p = 0.001) and had a significantly higher rate of early (n 
= 44, 77.2%; p = 0.001) and late (n = 12/43, 27.9%; p = 
0.004) complications compared with patients without SCI. 
Patients with SCI also had a longer hospital stay (median 
14 days, IQR 7–19 days) compared with those without SCI 
(median 6 days, IQR 1–11 days; p = 0.001).

Eighteen patients (10.5%) died during the initial hos-
pital stay after fracture, 26 patients (15.1%) died within 3 
months after fracture, and 41 patients (23.8%) died within 
1 year after fracture. The mortality rate at the initial hospi-
tal stay was significantly higher (p = 0.043) in patients with 
SCI (n = 9, 15.8%) compared with those without SCI (n = 
6, 5.5%), showed a trend toward significance (p = 0.060) 
at 3 months (SCI = 12 [21.1%] vs non-SCI = 11 [10.0%]) 
and was significantly higher (p = 0.001) at 1 year (SCI = 
22 [38.6%] vs non-SCI = 16 [14.6%]). For 3 patients who 
died during the initial hospital stay, the AIS grade was 
not assessable. A Kaplan-Meier survival estimate analy-
sis showed a significantly lower probability of survival 
in patients with SCI compared with patients without SCI 
(p = 0.006; Fig. 4). Additionally, a Kaplan-Meier survival 
estimate analysis showed a significantly lower probability 
of survival in patients with complete SCI compared with 
those with incomplete SCI (p = 0.001).

We found no significant differences between the AS 
and DISH groups in early (48.5% and 50.0%, respectively; 
p = 0.999) and late complication rates (11.9% and 11.5%, 
respectively; p = 0.999). There was also no difference in 
mortality rate during the initial hospital stay (AS = 14 
[10.5%] vs DISH = 1 [3.9%], p = 0.469), at 3 months (AS 
= 20 [14.9%] vs DISH = 2 [7.7%], p = 0.534), and at 1 year 
(AS = 33 [24.6%] vs DISH = 2 [7.7%], p = 0.069).

Discussion
Although different entities, both AS and DISH lead to 

an ankylosed spine, susceptible to fracture.5,7,22 We also 
found patients with AS and DISH to be very homogenous 
in terms of demographics and fracture characteristics. 
One-third (34.1%) of the patients in our cohort had SCI af-
ter traumatic fracture. Patients with a cervical fracture and 

FIG. 3. Case 2. A 56-year-old man with DISH presented to the hospital 
after a motor vehicle accident, without neurological deficit (AIS Grade 
E). Only radiography was performed—despite persistent back pain—on 
which a spinal fracture was missed (left). After 230 days, CT was per-
formed for pulmonary embolism screening, on which an incidental frac-
ture involving T-8 was diagnosed (right). By that time, the patient had 
developed a mild neurological deficit (AIS Grade D). This case promotes 
evaluation by CT of AS and DISH patients with persistent back pain after 
trauma.

TABLE 2. Predictive factors for SCI after traumatic fracture

Factor No SCI SCI p Value

No. of patients 110 (65.9) 57 (34.1)
Median age in yrs (IQR)* 69.0 (52.1–81.4) 70.9 (56.1–77.6) 0.836
Median CCI (IQR)† 1 (0–3) 1 (0–3) 0.610
Diagnosis 0.558
 AS 86 (78.2) 43 (75.4)
 DISH 15 (13.6) 11 (19.3)
 AS/DISH 9 (8.2) 3 (5.3)
Sex 0.823
 Male 94 (85.5) 48 (84.2)
 Female 16 (14.6) 9 (15.8)
BMI (kg/m2) 0.916
 <25 20 (31.3) 9 (33.3)
 25–30 17 (26.6) 6 (22.2)
 >30 27 (42.2) 12 (44.4)
Smoking 0.351
 Yes 18 (18.6) 10 (22.7)
 Former 45 (46.4) 24 (54.6)
 No 34 (35.1) 10 (22.7)
Hypertension 78/96 (81.3) 38/53 (71.7) 0.217
Diabetes mellitus 29/97 (29.9) 21/54 (38.9) 0.283
Chronic steroid use 9/82 (11.0) 4/41 (9.8) 0.999
Traumatic impact 0.258
 High 31 (29.3) 11 (19.6)
 Low 75 (70.8) 45 (80.4)
Region of fracture‡§
 Cervical spine 56 (51.4) 44 (77.2) 0.001
 Thoracic spine 51 (46.8) 20 (35.1) 0.186
 Lumbar spine 19 (17.4) 7 (12.3) 0.501
 Sacral spine 1 (0.9) 2 (3.5) 0.271
 Multiregion 19 (17.4) 13 (22.8) 0.414
Vertebrae involved in 

fracture
0.164

  1 42 (39.6) 15 (27.3)
  ≥2 64 (60.4) 40 (72.7)
SEH following fracture 13/97 (13.4) 16/49 (32.7) 0.008

All data given as number of patients (%) unless otherwise indicated.
* Age: no SCI = 104 (94.5%), SCI = 56 (98.4%).
† CCI: no SCI = 88 (80.0%), SCI = 39 (68.4%).
‡ Region of fracture: no SCI = 109 (99.7%), SCI = 57 (100%).
§ Cumulative percentage is > 100% as some patients had a fracture involving 
multiple regions after a single trauma (for example, a C7–T1 fracture included 
in the cervical, thoracic, and multiregion groups).
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a fracture complicated by an SEH had a significantly high-
er chance of SCI. SCI was associated with an increased 
complication and mortality rate. Patients with SCI had a 
lower probability of survival compared with those without 
SCI. Twenty patients with SCI demonstrated neurological 
improvement, which occurred in the first 3 months after 
injury for all but 1 case.

Our finding of an SCI rate of 34.1% is lower than the 
average of 77.5% reported by the largest meta-analysis on 
traumatic spinal fractures in patients with ankylosing spi-
nal disorders.23 Lukasiewicz et al. describe a large cohort 
of 939 patients with AS and a spinal fracture and reported 
an SCI rate of 21.2%. However, their data were extracted 
from predefined variables in the National Inpatient Sample 
database, so SCI and other data may be underreported or 
inaccurate.15 The two largest single-institution cohorts on 
the subject by Caron et al. (n = 112) and Schiefer et al. (n = 
81) combined AS and DISH patients and reported an SCI 
incidence of 58% and 19%, respectively.5,19 Several previ-
ous studies were reported by specialized trauma centers, 
so the difference noted in SCI incidence may reflect differ-
ences in referral patterns between the centers.

A delay in fracture diagnosis is often observed in this 
patient population (n = 65, 44.2%). Patients with ankylos-
ing spinal disorders are known to have chronic back pain; 
therefore they might ignore the increase of pain follow-
ing seemingly minor trauma. Because of the bone changes 
in the spine, radiological fracture assessment can be dif-
ficult, especially in the thoracic spine, and fractures easily 
missed. When harboring a missed and unstable fracture, 
these patients can develop a delayed SCI. Doctor’s delay 
was associated with SCI in 4 cases (2.3%) and patient’s 
delay was associated with SCI in 3 cases (1.8%). Persistent 
pain after a fall should promote further evaluation using 
CT.2,11

SEH following fracture was found to be predictive for 
the development of SCI and was noted in 21.6% of the pa-
tients with AS and in 22.7% of the patients with DISH. 
This is much higher than the occurrence of SEH in spinal 
fractures in the general population (0.5%–7.5%).17 Con-
trary to a fracture causing immediate SCI, SEH can cause 
a subacute SCI developing within hours. The exact origin 
of SEH after spinal fracture remains unclear, but bleed-
ing from the spinal epidural venous plexus is believed to 
be the source of the majority of the hematomas. Garza-
Mercado et al. suggest that firm adherence of the dural 
sac to the posterior longitudinal ligament may be a protec-
tive factor for rupture of the ventral venous plexus.10 How-

ever, ossification of the posterior longitudinal ligament is 
frequently noted in both AS and DISH patients and may 
make the adherence to the dural sac and the venous plexus 
more susceptible to rupture when the spine—and possibly 
the posterior longitudinal ligament—is fractured.16

Thirty patients (17.4%) had an SEH after fracture. In 
12 cases the SEH was detected on CT. Of those cases, 7 
SEHs were confirmed on consecutive MRI, 4 SEHs were 
confirmed during immediate operative treatment follow-
ing CT, and in 1 case no additional imaging or surgery was 
performed after initial CT. For 16 patients no SEH was 
observed on initial CT, but only on consecutive MRI. In 1 
case the SEH was not noted on CT or MRI, but only dur-
ing surgery, and in 1 case the SEH diagnosis was made at 
an outside hospital using unknown imaging. In addition to 
the literature, our findings promote MRI as the preferred 
tool for the detection of SEHs, because an SEH is easily 
missed on CT. Possible confounders of SEHs are spinal 
subdural hematomas and nontraumatic spinal lesions such 
as tumors. However, MRI can differentiate between SEH, 
spinal subdural hematoma, and nontraumatic spinal le-
sions.1,4,13

Early recognition and decompression of SEHs within 
12 hours is reported to result in better neurological out-
comes in the general population.14 Three case reports em-
phasize these findings in the ankylosing spine fracture 
population by describing full recovery of paraplegic and 
tetraplegic patients after early (< 12 hours) decompressive 
surgery.10,26,27 Fehlings et al. and Wilson et al. address the 
effect of early decompression on the improvement of neu-
rological function after spinal trauma without SEH in the 
general population and have proved early decompression 
(< 24 hours) to be beneficial in this group.8,25 Fehlings et al. 
report a neurological improvement rate in traumatic cervi-
cal fracture patients after early and late surgical treatment 
of 43.2% and 37.0%, respectively, for the complete SCI 
group at baseline and 63.2% and 54.7%, respectively, for 
the incomplete SCI group at baseline.8 The majority of the 
38 patients who received surgery after SCI in our cohort 
received surgery later than 24 hours after SCI. Only 18.2% 
of the patients who had a complete SCI at baseline showed 

FIG. 4. Kaplan-Meier curve demonstrating survival estimates for pa-
tients with traumatic ankylosing spine fracture without SCI compared 
with patients with SCI (p = 0.006). y = years.

TABLE 3. AIS grade improvement from first symptoms to last 
follow-up

AIS Grade  
at 1st SCI

AIS Grade at Last Follow-Up
A B C D E

A 11 2 1
B 1
C 3 2
D 10 14

Bold values represent patients with no change from first SCI to SCI at last 
follow-up.
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improvement after surgery compared with 59.3% of the 
incomplete SCI at baseline group. The question remains 
as to what extent early surgical treatment influences neu-
rological improvement for both fractures with and without 
SEH in the ankylosed spine population, especially for pa-
tients with a worse AIS grade at baseline.

We found that patients with improved neurological 
function were significantly younger and had an incomplete 
SCI significantly more often compared with the patients 
who did not improve. However, early death could be an 
important confounding factor. We found a significant low-
er probability of survival for patients with complete SCI 
compared with incomplete SCI. In addition, older age is 
also known to be a predictive factor for mortality;5,19 this 
means that if death occurs within the median time to im-
provement (35 days), our results could be biased.

Westerveld et al. suggest that surgical treatment may be 
favorable for patients with an ankylosing spinal fracture, 
as it may be associated with a lower mortality rate and may 
lead to neurological improvement more frequently.23 This 
is consistent with the findings of Caron et al., who also re-
port a significant lower 1-year mortality rate in surgically 
treated patients (p = 0.005) compared with nonsurgically 
treated patients. However, we found a significantly high-
er 1-year mortality rate (p = 0.049) in surgically treated 
patients and no significant difference in neurological im-
provement between surgical and conservative treatment (p 
= 0.673). Because of the small sample size and the multiple 
possible confounding factors, it is hard to draw conclusions 
from these findings. Another important difference is that 
Caron et al. did not find significantly higher (1-year) mor-
tality in patients with SCI compared with patients without 
SCI (p = 0.91), in contrast to our findings (p = 0.001).5

This study also has some limitations. First, due to the 
retrospective study design, we encountered some missing 
data and complications, and medical comorbidities are 
sometimes underreported in the medical reports. But be-
cause both the missing data and the underestimation of 
complications happened throughout the entire database, 
the ratio between groups should remain unchanged. As 
a result, we expect no different outcome in comparative 
analysis. Second, for the 3-month and 1-year mortality 
analyses, we also included the patients without 3-month 
and 1-year follow-up evaluations. Additionally, there is a 
delay in the report of death records in the National Death 
Index. This may have led to a minor deviation in the num-
ber and percentages of 3-month and 1-year mortality rates. 
The Kaplan-Meier survival estimates are already correct-
ed for these factors. Third, for most patients the AIS grade 
was not mentioned in the reports and had to be manually 
deducted from the neurological reports by the authors. 
The AIS can be a broad grading scale; it is possible to 
have clinical neurological improvement but to remain in 
the same AIS grade. This can be the cause of an underes-
timation of the improvement of neurological function in 
patients. In contrast, it is possible to show improvement 
on the AIS without a change in ambulatory status. Twelve 
(60.0%) of 20 patients who demonstrated neurological im-
provement were wheelchair bound after fracture and SCI, 
and before improvement. Seven of these patients (58.3%) 
converted to ambulatory with a cane or walker and 4 

(33.3%) remained wheelchair bound; for 1 patient (8.3%) 
the ambulatory status was unknown after neurological im-
provement. Lastly, several papers describe the difficulty in 
diagnosing AS and DISH.3,16,21 It is possible that patients 
with AS are diagnosed with DISH and vice versa, but the 
fracture characteristics and treatment remain similar.

Conclusions
SCI was a major complication of traumatic spinal frac-

ture in patients with AS and DISH, occurring in one-third 
of the cases. A cervical fracture and an SEH were found 
to be predictive factors for SCI. One-fifth of the patients 
with SCI had delayed SCI. SCI after fracture resulted in a 
higher mortality and complication rate. Less than half of 
the patients with SCI had neurological improvement af-
ter treatment. A significantly lower probability of survival 
was noted in patients with an SCI. With our findings we 
hope to give physicians better insights into the incidence, 
predictors, and sequelae of SCI in patients with a traumat-
ic fracture of the ankylosing spine.
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