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Patients with ankylosing spondylitis suffering from AO Type B3 
traumatic thoracolumbar fractures are associated with increased 
frailty and morbidity when compared with patients with diffuse 
idiopathic skeletal hyperostosis

Terence Tan1,2, Milly S. Huang1,2, Martin K. Hunn1, Jin Tee1,2

1Department of Neurosurgery, The Alfred Hospital, Melbourne, Victoria, Australia; 2National Trauma Research Institute, Melbourne, Victoria, 

Australia

Contributions: (I) Conception and design: T Tan, J Tee; (II) Administrative support: MS Huang; (III) Provision of study materials or patients: All 

authors; (IV) Collection and assembly of data: T Tan, MS Huang; (V) Data analysis and interpretation: T Tan, MK Hunn; (VI) Manuscript writing: 

All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Associate Professor Jin Tee, MD. Address: Department of Neurosurgery, Level 1, Old Baker Building, The Alfred Hospital, 55 

Commercial Road, Melbourne, Victoria 3004, Australia. Email: jin.tee@ntrispine.com.

Background: AO Type B3 hyperextension thoracolumbar fractures are the commonest fracture subtype 
in ankylosing spinal disorders. Although often considered together in spinal fractures, ankylosing spondylitis 
(AS) and diffuse idiopathic skeletal hyperostosis (DISH) are distinct spondyloarthropathies with different 
pathophysiology. Few studies have compared the two entities in the setting of traumatic thoracolumbar 
fractures. The authors compare demographic metrics, injury profile, clinical and radiographical outcomes 
between patients with AS and DISH in patients suffering from AO Type B3 traumatic thoracolumbar 
fractures.
Methods: From January 2008 to December 2018, a retrospective analysis of consecutive surgically-
managed patients with AO Type B3 fractures was performed. Demographic metrics, co-morbidity [Charlson-
comorbidity index, modified frailty index (mFI), etc.], injury profile (level of injury, mechanism of injury, 
etc.), clinical (postoperative complication, etc.) and radiographical variables were collected. Differences 
between patients with AS and DISH were compared.
Results: Fourteen patients were identified. All patients had AS (n=6) or DISH (n=8). The mean age was 
72.8±10.2 years and 78.6% of patients were neurologically intact at presentation. Medical and/or surgical 
complications occurred in 10 of 14 (71.4%) patients. As compared to patients with DISH, patients with AS 
were more likely to have low falls as the injury mechanism [odds ratio (OR): 35.0, P=0.026], have higher mFI 
(OR: 30.6, P=0.015), and experience a higher number of postoperative complications per patient (AS: 1.8/
patient vs. DISH: 0.5/patient, P=0.024). 
Conclusions: In the setting of AO Type B3 fractures, patients with AS are more frail and have higher 
in-hospital morbidity compared to patients with DISH. Despite both pathologies being ankylosing in 
nature, further studies are required to fully understand the clinical differences between the two entities to 
enable clinicians to apply a more targeted and nuanced approach in managing fractures in ankylosing spinal 
disorders.
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Introduction

Formal fracture classification systems enable systematic 
research and aid in surgical decision-making. The AO Spine 
thoracolumbar injury spine injury classification system is the 
most up to date, comprehensive and popular classification 
system used at present. The AO Type B3 fracture subclass 
is defined as a hyperextension injury with disruption of 
the anterior tension band with an intact posterior element 
hinge preventing gross translation (1). This is an unstable 
injury where surgical management is recommended. 

Ankylos ing  spondyl i t i s  (AS)  i s  a  seronegat ive 
spondyloarthropathy diagnosed usually before 30 years of 
age and is associated with the HLA-B27 gene (2). Patients 
with AS suffer from ossification of spinal ligaments, discs, 
endplates and apophyseal structures giving the vertebral 
column the classic “bamboo spine” appearance. Kyphotic 
deformity, ankylosis of the craniocervical junction are 
present in AS (3). On the other hand, diffuse idiopathic 
skeletal hyperostosis (DISH) is usually diagnosed in the 
older age group in patients who are predisposed to the 
metabolic syndrome. It usually involves the thoracic and 
lumbar spine, with ossification predominantly in the spinal 
anterior longitudinal ligament. As opposed to AS, patients 
with DISH do not have disease involvement in the sacroiliac 
joint, apophyseal joints, and craniocervical joints (4). Due to 
the ankylosed spine in AS and DISH, long-segment fixation 
is usually required to restore spinal vertebral stability.

Not all AO Type B3 fractures are associated with 
ankylosing spinal disorders, and the converse is also true. 
However, there is a large overlap between AO Type B3 
fractures and AS-DISH patients with up to 71.4% to 93.7% 
of patients with ankylosing spinal disorders sustaining an 
AO Type B3 fracture post spinal injury (5).

In this study, the authors examine the clinical profile of 
surgically-managed AO Type B3 traumatic thoracolumbar 
fractures in patients with AS or DISH. We also compare the 
pre-morbid and clinical factors between patients with AS 
and DISH in the setting of AO Type B3 fractures.

Methods

The registry of a state spinal trauma service was queried 
between January 2008 and December 2018 for consecutive 
patients who met the following inclusion criteria: (I) 
adult patient ≥18 years old, (II) AO Type B3 traumatic 
thoracolumbar fracture from T9–L2 and (III) received 
operative treatment. Fracture classification was determined 

from preoperative computed tomography with magnetic 
resonance imaging as required and verified by two authors 
(T Tan, J Tee). Operative treatment had to be undertaken 
within the index admission and not in a delayed fashion. We 
excluded patients with pathological fractures secondary to 
malignancy. This study was approved by the institutional 
review board (reference 219/19, study outcomes not 
affecting future management, no informed consent required, 
patient personal data anonymized) and was undertaken in 
accordance with the Helsinki Declaration 2013.

An electronic spreadsheet (Microsoft Excel, Redmond, 
WA, USA) was formulated a-priori to capture study 
variables. Patient demographics [age, gender, body mass 
index (BMI)], baseline co-morbid condition [presence of AS, 
presence of DISH, American Society of Anesthesiologists 
(ASA), Charlson-comorbidity index, modified frailty 
index (mFI) (6)], injury characteristics [level of injury, 
mechanism of injury, pre- and post-operative American 
Spinal Injury Association (ASIA) grade], surgical variables 
(number of levels fixated), radiographical variables (pre 
and postoperative Cobb angle, Gardner angle, sagittal 
index), postoperative outcomes (mortality, length of stay, 
complication profile) was recorded. Frailty was defined 
as an mFI of more than or equal to 0.36 (4 of 11 factors). 
Radiographical measures were calculated using mid-sagittal 
plain radiographs or computed tomography scans using 
methods as summarized by Keynan et al. (7). The change 
in Cobb angle postoperatively was calculated and defined 
as follows: ΔCobb angle = Cobb angle(postoperative) – Cobb 
angle(preoperative). The change in Cobb angle was calculated in 
the immediate postoperative period (within 2 postoperative 
days), and also at the point of final follow-up. Similar 
indices were calculated for the change in Gardner angle, 
and change in sagittal index. Loss of Cobb angle correction 
was calculated and is defined as: loss of correction [Cobb 
angle] = Cobb angle(final follow-up) – Cobb angle(immediate postoperative). 
Similar indices were calculated for Gardner angle and 
sagittal index. Overall morbidity rate was defined by the 
presence of any (at least one) complication during the 
follow-up period.

Statistical analysis

Results are presented in two forms: (I) as a single cohort 
of all included patients, and (II) as a comparative analysis 
between patients with AS versus patients with DISH. 
Summary statistics and frequency distributions are 
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presented in the form of proportions, means, medians, and 
standard deviations. Univariate analysis was undertaken 
using contingency tables (Fisher’s exact test), student t-test 
and Mann-Whitney U test for categorical variables, 
parametric data, and ordinal non-parametric data 
respectively to compare AS and DISH groups (SPSS Inc., 
Chicago, IL, USA). Odds ratio were calculated where 
appropriate with 95% confidence intervals (CIs). All tests 
were two-tailed with significance of P values set at 0.05 
or less.

Results

Single cohort analysis

A total of 14 patients were included. The average age 
was 72.8±10.2 years, with 71.4% (n=10) of patients 
being male and an average BMI of 32.5±0.5 kg/m2. In 
our cohort, all patients with AO Type B3 fractures had 
either AS or DISH, with 6 patients having AS and the 
remaining 8 patients having DISH. None of the patients 
had a pre-injury diagnosis of AS or DISH. The average 
Charlson-comorbidity index was 4.4 (median: 4). Twenty-
eight point six percent (n=4) of patients were frail with an 
mFI of ≥0.36.

Motor vehicular accidents accounted for 57.1% (n=8) 
of injuries. The most common level of injury was T11–12 
(n=4), and T12–L1 (n=4). Seventy-eight point six percent 
(n=11) of patients were neurologically intact (ASIA E) 
preoperatively. Ninety-two point nine percent (n=13) of 
patients underwent surgery via a posterior-only approach, 
with the remaining 1 patient undergoing a combined 
anterior-posterior approach. The average length of stay was 
28.7 days and duration of follow-up was 13.2±12.2 months. 
Figure 1 illustrates preoperative and postoperative imaging 
appearances of patients with AS and DISH.

There were zero cases of perioperative mortality 
within 30 days of surgery. The overall morbidity rate was 
71.4% (n=10 patients had at least one morbidity). The 
most common medical complication was secondary to a 
respiratory cause, followed by cardiac causes. The overall 
rate of surgical site infection was 35.7% (n=5), all of 
which were superficial surgical site infections. There were 
zero cases of construct failure which required revision/
supplemental surgery during the follow-up period. 

Table 1 summarizes the demographical, baseline, surgical 
and clinical variables of the entire cohort.

Comparative analysis

There were 6 patients with AS and 8 patients with 
DISH. There were no statistically significant between-
group differences in terms of age, gender, BMI, ASA 
and Charlson-comorbidity index. Patients with AS were 
significantly more likely than DISH patients to be frail 
[mFI ≥0.36] [odds ratio (OR): 30.6, 95% CI: 1.2 to 
784.7, P=0.015]. There were no differences between the 
spinal level of injury, or the degree of spinal cord injury 
(as measured by ASIA grading) between groups. The 
mechanism of injury was significantly more likely to be 
secondary to a low fall in patients with AS than DISH (OR: 
35.0, 95% CI: 1.7 to 703.0, P=0.026).

Radiographical variables were statistically similar 
between groups. Specifically, preoperative Cobb angle, 
Gardner angle and sagittal index were similar. At final 
follow-up, the degree of change (i.e., correction) of sagittal 
radiographical parameters (Cobb angle, Gardner angle, 
sagittal index) were similar between patients with AS and 
DISH. Further, there were no differences in the degree 
of loss of sagittal correction between patients with AS and 
DISH.

There was a trend towards an increased overall morbidity 
rate in patients with AS versus DISH (83.3% vs. 62.5%) 
respectively. There was a statistically significant increase 
in the absolute number of complications per patient in the 
AS group (AS: 1.8 complications/patient vs. DISH: 0.5 
complications/patient, P=0.024). 

Table 2 summarizes the demographical, baseline, surgical, 
radiographical and clinical variables of the AS and DISH 
groups.

Discussion

This is a study specifically on AO Type B3 traumatic 
thoracolumbar fractures in patients with AS and DISH 
who were surgically managed. In our cohort, there were no 
patients without an ankylosing spinal disorder. We did not 
include patients with other fracture morphologies, e.g., AO 
Type C translational displacement fractures in our attempt 
to reduce the study bias. 

In the current study, the proportion of patients without 
spinal cord/conus/cauda equina injury (i.e., ASIA A-D) is 
21.4%. This is consistent with the rate of spinal cord injury 
in studies of patients with AS and DISH, with reported rates 
of 13.0–23.0% in the thoracolumbar spine (8). It should be 
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Figure 1 Preoperative and postoperative imaging appearances of patients with AS and DISH. (A) Preoperative computed tomography 
of an 81-year-old male with ankylosing spondylitis and a T11–T12 fracture; (B) postoperative radiograph after T9–L2 posterior fixation; 
(C) preoperative computed tomography of 84-year-old male with ankylosing spondylitis and a T11–T12 fracture; (D) postoperative 
computed tomogram after T9–L2 posterior fixation; (E) preoperative computed tomography of 56-year-old female with diffuse idiopathic 
skeletal hyperostosis and a T11–T12 fracture; (F) postoperative 3D reconstructed computed tomogram post T9–L1 posterior fixation; (G) 
preoperative computed tomography of a 77-year-old female with a T10–T11 fracture; (H) postoperative computed tomography post T9–L1 
posterior fixation. AS, ankylosing spondylitis; DISH, diffuse idiopathic skeletal hyperostosis.
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Table 1 Summary of demographic, baseline, surgical, clinical, 
radiographical metrics

Variables Value (N=14)

Level of injury

T9–T10 1

T10–T11 3

T11–T12 4

T12–L1 4

L1–L2 2

Ankylosing spinal disorder, n (%)

Ankylosing spondylitis 6 (42.9)

Diffuse idiopathic skeletal hyperostosis 8 (57.1)

Age, years 72.8±10.2

Male, n (%) 10 (71.4)

Body mass index (BMI), kg/m2 32.5±0.5

Mechanism of injury, n (%)

Motor vehicle accident (MVA) 8 (57.1)

Fall 6 (42.9)

Charlson comorbidity index 4.4

ASA 3.4

Modified frailty index (mFI), n (%)

mFI ≥0.36 4 (28.6)

mFI <0.36 10 (71.4)

Surgical approach, n (%)

Posterior only 13 (92.9)

Combined anterior-posterior 1 (7.1)

Duration of follow-up, months 13.2±12.2

Preoperative Asia Impairment Scale (AIS) grade

A 0

B 0

C 2

D 0

E 11

Not recorded 1

Average length of stay, days 28.7

Mortality 0

Overall morbidity rate 71.4% (10 of 
14 patients)

Table 1 (continued)

Table 1 (continued)

Variables Value (N=14)

Medical complications, no. of cases

Venous thromboembolism (VTE) 2

Cardiac 3

Respiratory infection 6

Other infection 2

Surgical complications, no. of cases

Surgical site infection 5

Return to theatre due to surgical site infection 3

Construct failure 0

noted that the rate of spinal cord injury in our study would 
be even higher if we included patients with ankylosing 
spinal disorders and AO Type C fractures (outside the scope 
of this study). The high rate of neurological deficit, coupled 
with the inherent unstable fracture morphology, renders 
surgical management the recommended option in patients 
who are fit for surgery (8).

It is well-known that in spinal fractures, patients with 
ankylosing spinal disorders have a higher rate of in-
hospital mortality and morbidity compared to the general 
population (9). However, it is not definitively known if there 
is a difference between patients with AS and DISH with 
regards to mortality and morbidity. A study by Westerveld 
et al. (5) reported mortality rates of 6.4% and 7.3% of 
surgically-treated AS and DISH patients respectively. 
The current study demonstrates that in patients with 
AO Type B3 fractures, patients with AS are objectively 
frailer than patients with DISH, as denoted by an mFI 
of ≥0.36. An increased mFI is indicative of frailty and 
predicts increased mortality and morbidity (10). This has 
been shown in large-scale registry studies (6), and also in 
spine surgery (11) and trauma (10). In our study, patients 
with AS were designated as “frail” despite similarities in the 
age, gender, ASA and Charlson-comorbidity index between 
the AS and DISH groups. This reinforces the sensitivity 
of the mFI as a clinical tool to assist in risk stratification 
and complication reduction. The global ageing population, 
especially in developed countries, and the concomitant 
increase in burden of chronic illnesses, further compounds 
the risk profile for patients with AS or DISH sustaining 
spinal fractures.

Within the elderly population, low falls or falls from 
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standing height account for 4.4% of injury-related deaths (12).  
In our study, we found that patients with AS had a 
significantly increased probability to have sustained their 
fracture secondary to a low fall as compared to patients with 
DISH. One possible explanation for this is the presence of 
fixed kyphotic deformity seen in patients with AS (3) that is 
not usually seen in DISH. Intuitively, this could be because 
the bone density in a patient with DISH is generally 
thought to be higher than that of a patient with AS. This 
finding has significant implications in primary prevention 
and should be further investigated. Another key point is that 
late diagnosis of spinal fractures is a frequent occurrence 
in ankylosing spinal disorders. As such, clinicians should 
maintain a high index of suspicion for spinal fractures, 

particularly in patients with AS, even if the underlying 
mechanism is innocuous. 

Regarding radiographical parameters, we found no 
difference in preoperative Cobb angle, Gardner angle and 
sagittal index. This demonstrates the similarity in sagittal 
malalignment between AS and DISH patients. Further, with 
an average 4.7 (AS) and 4.9 (DISH) spinal levels of pedicle 
screw fixation, there was no difference during follow up in 
terms of the change of radiographic parameters, nor was 
there any differences in loss of sagittal correction between 
patients with AS or DISH. This demonstrates that post-
traumatic kyphosis is not more likely to occur after an AO 
Type B3 fracture in AS than DISH in the postoperative 
setting.

Table 2 Comparison of baseline, clinical and radiographical metrics between patients with ankylosing spondylitis and diffuse idiopathic skeletal 

hyperostosis 

Variables AS DISH P value

Number of patients 6 8 –

Age, years 71.3±10.4 73.9±11.4 0.67

Male:female ratio 5:1 5:3 0.58

Charlson comorbidity index 4.70 4.25 0.70

ASA 3.3 3.5 0.65

Body mass index (BMI), kg/m2 30.2±5.0 34.8±14.3 0.47

Modified frailty index (mFI) 0.015*

mFI ≥0.36 4 0

mFI <0.36 2 8

Mechanism of injury 0.026*

Motor vehicle accident (MVA) 1 7

Standing fall 5 1

Others 0 0

Length of stay, days 25.6±16.4 31.0±20.2 0.60

Overall morbidity rate 83.3% (n=5) 62.5% (n=5) 0.58

Total complications by count per patient 1.8 0.5 0.024*

Preoperative Cobb angle, degree −4.6±9.9 2.6±9.3 0.27

Preoperative Gardner angle, degree −4.1±6.1 1.8±9.2 0.30

Change in Cobb angle (final follow-up – preoperative), degree 5.4±12.7 8.4±9.2 0.56

Change in Gardner angle (final follow up – preoperative), degree 4.2±4.6 8.0±7.7 0.22

Loss of correction Cobb angle, degree 1.9±5.25 4.1±5.0 0.30

Loss of correction Gardner angle, degree 1.0±4.6 3.4±4.9 0.44

*, P<0.05.
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In our study, there was a trend of an increased rate of 
overall morbidity in the AS group. Additionally, there was 
a statistically significant increase in the absolute number 
of complications per patient in the AS group. This is 
consistent with the increased frailty in the AS group in our 
study. One of the few studies comparing morbidity in AS 
and DISH patients reported equivalent morbidity rates of 
87.5% and 85.7% for AS and DISH respectively (9). One 
potential reason for this discrepancy might be the older (72 
vs. 69 years) and higher co-morbidity load (mean Charlson-
comorbidity index: 4.4 vs. 1.15) in our study.

Limitations

There are several limitations to this study. The small 
sample size of this study affects the statistical rigor of 
the comparative results. Regarding neurological status, 
this study provides an accurate representation of patients 
with AO Type B3 fractures, but not of ankylosing spinal 
disorders as the presence of such a disorder was not part 
of the inclusion criteria. Inclusion of all thoracolumbar 
fracture types sustained by patient with ankylosing spine 
disorders could have increased the documented rate of 
spinal cord injury. As we have not included patients who 
underwent conservative management in our study, the 
overall morbidity rate in AO Type B3 patients is likely 
underestimated. This is because the reason patients undergo 
conservative management is usually that they are too unwell 
for surgical management.

Conclusions

In the setting of AO Type B3 fractures, patients with 
AS are more frail and have higher in-hospital morbidity 
compared to patients with DISH. Despite both pathologies 
being ankylosing in nature, further studies are required to 
fully understand the clinical differences between the two 
entities so as to enable clinicians to apply a more targeted 
and nuanced approach in managing fractures in ankylosing 
spinal disorders.
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