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Abstract
Background
The operative care of patients with ankylosing spinal conditions such as ankylosing spondylitis (AS) and diffuse id-
iopathic skeletal hyperostosis (DISH) after a spine fracture is not well represented in the literature. This work
seeks to determine the effect of minimally invasive techniques on patients with spinal fractures and ankylosing
spinal conditions through a retrospective case-control analysis.

Methods
The operative logs from 1996-2013 of seven fellowship-trained spine surgeons from two academic, Level I trauma
centers were reviewed for cases of operatively treated thoracic and lumbar spinal fractures in patients with ankylos-
ing spinal disorders.

Results
A total of 38 patients with an ankylosing spinal condition and a spinal fracture were identified. The minimally inva-
sive group demonstrated a statistically significant decrease in estimated blood loss, operative time, and need for
transfusion when compared to either the hybrid or open group. There was no difference between the three sub-
groups in overall hospital stay or mortality.

Conclusions
Patients with ankylosing spinal conditions present unique challenges for operative fixation of spinal fractures. Min-
imally invasive techniques for internal fixation offer less blood loss, operative time, and need for transfusion com-
pared to traditional techniques; however, no difference in hospital stay or mortality was reflected in this series of
patients. Level of Evidence: 4.

Clinical Relevance
Ankylosing spinal disorders are increasingly common in an aging population.

keywords: spinal fusion, ankylosing spondylitis, minimally invasive
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Introduction
The operative care of patients with ankylosing spinal
conditions such as ankylosing spondylitis (AS) and
diffuse idiopathic skeletal hyperostosis (DISH) after
a spine fracture is not well represented in the litera-
ture. It is well known that, due to autofusion of the
spine in these disease processes resulting in long
lever arms and abnormal rigidity, severe fractures
with neurologic compromise may occur from even

minor trauma.1 These patients also tend to be of ad-
vanced age with multiple comorbidities, including an
increased predisposition to intra-operative bleeding.
Minimally invasive surgery (MIS) of the spine is a
theoretically attractive option in these patients be-
cause of the documented shorter operative times, de-
creased blood loss, and other factors. These tech-
niques have been described in populations of patients
with ankylosing spinal conditions; however, to our
knowledge, no one has directly compared open tech-
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niques to minimally invasive techniques. The pur-
pose of this study was to compare two such tech-
niques.

Materials and Methods
After approval by the Institutional Review Board, the
operative logs from 1996 to 2013 of seven fellowship-
trained spine surgeons from two academic, Level I
trauma centers were reviewed for cases of operatively
treated thoracic and lumbar spinal fractures in pa-
tients with AS and DISH. The patients were treated
according to the preferences of the attending physi-
cian and were stratified according to technique of fix-
ation. The medical records of these patients were re-
viewed for age, gender, injury mechanism, injury
severity score (ISS), fracture type and level, surgical
procedure, surgical levels, estimated blood loss, need
for transfusion, duration of surgery, complications,
days of ventilation, presence of hospital acquired
pneumonia, length of hospital stay, maintenance of
correction, bony fusion, and mortality.

Statistical Methods
Statistical analysis was carried out using JMP Ver-
sion 11 software (SAS, Cary, NC). Analysis of vari-
ance (ANOVA) was carried out for continuous vari-
ables while contingency tables were used for discrete
variables.

Results
A total of 38 patients with an ankylosing spinal con-
dition and a spinal fracture were identified. One pa-
tient with a T1 fracture was excluded from analysis
because of the need to extend fixation into the cervi-
cal spine. Of the remaining 37 patients, 14 underwent
an open fusion surgery, 19 underwent a minimally in-
vasive internal fixation, and four underwent a hybrid
procedure. Hybrid procedures included a minimally
invasive instrumentation component with an open
component due to either system malfunction or de-
sire for a formal fusion procedure at a localized spinal
level, similar to the technique previously described in
a case report by Sebastian and colleagues.2

These three groups were analyzed both as a whole
and as separate subgroups. Average age across

groups was 74 (range 41-90 years) with no significant
difference between groups. Sixty-five percent were
male and the ISS was similar across groups. The
most common mechanism was a fall; low-energy
mechanisms and missed injuries were common, with
delayed diagnosis in seven cases. In three cases, no
specific traumatic event was recalled by the patients,
who were often admitted for medical problems, but
imaging demonstrated an acute fracture. Extension-
type injuries were the most common fracture type.
Four patients sustained fractures in two separate lo-
cations. The majority were thoracic level fractures
(33 patients). Five patients required delay of surgery
due to active medical issues such as cardiac events or
hemodynamic instability from urosepsis or liver fail-
ure at the time of admission. The average number of
levels operated on was 5.2.

Five patients died either in the initial hospitalization
or during follow-up (three during hospitalization and
two patients within three months post-operatively, all
from medical complications). Inpatient mortalities
were due to failure of extubation in a “do not reintu-
bate” patient, multiorgan system failure related to
trauma, and fulminant liver failure due to pre-
existing cirrhosis. Follow-up was available in 24 pa-
tients. Average follow-up was 18.2 months for those
patients (range 6 weeks to 60 months). Follow-up
imaging was available in 14 patients and demonstrat-
ed adequate fracture healing without instrumentation
malfunction in any patient. Two patients treated with
open fusion and one hybrid patient required wound
washout due to infection. One patient (in the open
group) had instrumentation removal due to promi-
nence after fracture healing. One patient had a subse-
quent fall and fracture eight months from the index
procedure which required additional operative fixa-
tion.

When the three subgroups were compared, the mini-
mally invasive group demonstrated a statistically sig-
nificant decrease in estimated blood loss (Figure 1;
p<0.0001) as well as operative time (Figure 2;
p=0.0003) and need for transfusion (Figure 3;
p=0.0014) when compared to either the hybrid or
open group. The hybrid group was consistently simi-
lar to the open group in this regard (Figure 1, Figure
2, Figure 3). There was no difference between the
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three subgroups in overall hospital stay or mortality.
These findings were preserved when controlled for
ISS.

Discussion
Benefits of MIS
Minimally invasive spinal surgery is becoming in-
creasingly popular, with the theoretical advantages
that it diminishes estimated blood loss and operative

time as well as immediate post-operative pain scores.
However, the utility and exact indications for these
techniques have not been completely elucidated. A
number of case series have been published demon-
strating acceptable outcomes using minimally inva-
sive techniques for patients with ankylosing spinal
disorders; however, a direct comparison with open
techniques has not been performed. Our findings
demonstrate that patients with AS and DISH with a
spinal fracture had decreased blood loss, decreased
need for transfusion, and decreased operative time
using MIS techniques compared to open treatments.
However, we were not able to demonstrate a differ-
ence in overall length of hospital stay or mortality.
These findings are comparable to the findings of oth-
er groups exploring the utility of MIS techniques for
various indications.

The characteristics of patients with ankylosing spinal
disorders, such as autofusion creating fractures with
long lever arms, require techniques more similar to
long bone fracture fixation. Specifically, multiple
points of fixation are required for stability. Further-
more, the tendency of ankylosing patients to autofuse
lends a theoretical advantage to MIS techniques with
osteosynthesis (rather than arthrodesis), which are
essentially internal fixation techniques. In both previ-
ous literature and in our case series, these patients
are elderly with multiple medical comorbidities,3

making the proposed benefits of MIS techniques
valuable.

Previous Literature for AS
Recently, two case series, both consisting of ten pa-
tients, have been published regarding the use of MIS
techniques in the operative fixation of spinal frac-
tures in patients with ankylosing spinal conditions.
Yeoh and colleagues reported on a retrospective se-
ries of ten patients with ankylosing spinal disorders,
treated with MIS techniques after a spinal fracture.
Similar to our series, delayed diagnosis was common.
They reported acceptable pain outcomes using the
Oswestry disability index and visual analog scale out
to 22 months, with no patient lost to follow-up, al-
though two patients died.4 Kruger and colleagues
similarly reported on a series of ten patients with
ankylosing spinal disorders treated with MIS instru-
mentation after a thoracolumbar fracture. They

Fig. 1. Estimated blood loss based upon surgical technique (P<0.0001).

Fig. 2. Operation time based upon surgical technique (P=0.0003).

Fig. 3. Need for transfusion based upon surgical technique (P=0.0014).
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found acceptable outcomes as defined by ambulation
ability and pain upon follow-up.5 Prior to these case
series, only single case reports have been present in
the literature. Our series is the largest to date and the
only study to directly compare open and minimally
invasive techniques in this patient population.

Epidural Hematoma
The increased risk of epidural hematoma in patients
with ankylosing spondylitis is well-reported.1 Two
patients in our series required an open laminectomy
for decompression of an epidural hematoma. In these
patients (both in the MIS group), the addition of an
open laminectomy procedure did not add significant-
ly to the operative time or blood loss.

Hybrid Techniques
The use of hybrid techniques as described by Sebast-
ian,2 for instance an open fusion at specific levels (a
patient with two operative fractures, one of which
was amenable to internal fixation and one which re-
quired fusion) with minimally invasive instrumenta-
tion placement, might be postulated to accomplish
the operative goals of a formal fusion procedure
while preserving the benefits of minimally invasive
techniques. In our case series, one patient planned as
MIS required an open procedure due to system mal-
function, while three underwent a planned hybrid
procedure due to multiple fractures, one requiring
fusion and one amenable to internal fixation only. We
found that hybrid procedures had a similar profile as
compared to open procedures.

Delayed Diagnosis
Because of the many low-energy injuries and subtle
radiologic findings, spinal fractures are often missed
in this population of patients.6 In our patient popula-
tion, low-energy mechanisms were common, such as
falls from standing. In several cases, no specific trau-
matic event was recalled by the patient. A delayed di-
agnosis was seen frequently in our patient population
(14% of patients), as previously reported by Scheifer
and colleagues.6

Limitations
Our study, although it reports on the largest number
of patients treated for spine fractures with ankylosing
spinal conditions to date, suffers from the limitations

of its retrospective nature as well as its poor follow-
up, making meaningful statistical analysis or conclu-
sions regarding the post-hospitalization course and
ultimate efficacy difficult. Additionally, specific out-
come measures would have improved the quality of
these data and given some indication of long-term
benefits. Nevertheless, we feel the use of MIS tech-
niques appears to be a viable option in this difficult
patient population.

Conclusions
Patients with ankylosing spinal conditions present

unique challenges for operative fixation of spinal
fractures. Minimally invasive techniques for internal
fixation offer less blood loss, operative time, and
need for transfusion compared to traditional tech-
niques; however, no difference in hospital stay or
mortality was reflected in this series of patients.
Overall, MIS techniques may be a viable option for
consideration in this difficult patient population.
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