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Objective : Ankylosing spondylitis is an inflammatory rheumatic disease mainly affecting the axial skeleton. The rigid spine may secondarily develop
osteoporosis, further increasing the risk of spinal fracture. In this study, we reviewed fractures in patients with ankylosing spondylitis that had been
clinically diagnosed to better define the mechanism of injury, associated neurological deficit, predisposing factors, and management strategies.
Methods : Between January 2003 and December 2013, 12 patients with 13 fractures with neurological complications were treated. Neuroimaging
evaluation was obtained in all patients by using plain radiography, CT scan, and MR imaging. The ASIA Impairment Scale was used in order to evaluate
the neurologic status of the patients. Management was based on the presence or absence of spinal instability.

Results : A total of 9 cervical and 4 thoracolumbar fractures were identified in a review of patients in whom ankylosing spondylitis had been diag-
nosed. Of these, 7 fractures were associated with a hyperextension mechanism. 10 cases resulted in a fracture by minor trauma. Posttraumatic neu-
rological deficits were demonstrated in 11 cases and neurological improvement after surgery was observed in 5 of these cases.

Conclusions : Patients with ankylosing spondylitis are highly susceptible to spinal fracture and spinal cord injury even after only mild trauma. Initial CT
or MR imaging of the whole spine is recommended even if the patient’s symptoms are mild. The patient should also have early surgical stabilization to

correct spinal deformity and avoid worsening of the patient’s neurological status.

Key Words : Ankylosing spondylitis - Trauma - Vertebral fracture - Spinal cord injury - Surgery.

INTRODUCTION

Ankylosing spondylitis is an inflammatory rheumatic disease
mainly affecting the axial skeleton.

The disease is characterized by ossification processes in the spi-
nal joints and ligaments which may lead to progressive rigidity
of the spine”’. In ankylosing spondylitis, the disease itself has the
characteristic of not only reduced but also increased bone forma-
tion which contributes to syndesmophyte formation and joint
ankylosis, particularly in advanced stages of the disease. Osteo-
porosis is now considered to be a common feature of ankylosing
spondylitis even in early stages of the disease'”. Altered biome-
chanics of the immobile ankylosed spine render it susceptible to
a variety of disorders including fracture/dislocation, progressive
spinal deformity, atlanto-occipital or atlantoaxial subluxation and
spinal stenosis. In addition, the rigid spine may secondarily de-

velop osteoporosis, further increasing the risk of spinal fracture'”.

In this study, we reviewed fractures in patients with ankylos-
ing spondylitis that had been clinically diagnosed to better define
the mechanisms of injury, associated neurological deficits, pre-
disposing factors, and management strategies.

MATERIALS AND METHODS

We retrospectively reviewed the patients with fractures and
spinal deformities in conjunction with ankylosing spondylitis
who were treated at our spine and spinal cord institution from
January 2003 to December 2013. During this period, 12 patients
with 13 fracture cases with neurological complications were treat-
ed in our institute. The patients were all men, with an average age
of 55.2 years (range 30 to 73 years). Neuroimaging evaluation was
obtained in all patients by using plain radiography, CT scan, and
MR imaging. CT studies help in detecting transdiscal and verte-
bral body fractures and in recognizing associated neural arch frac-
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tures. MR imaging can differentiate the various causes of cord
compression and identify cord contusion'”.

Fracture sites ranged from C2 to L2. 9 of the cases (69.2%) had
fractures in the cervical region, 4 (30.7%) had fractures in the
thoracolumbar spine. Multiple levels of involvement were not
seen in the cases examined.

ASIA Impairment Scale data was recorded at the time of ad-
mission and during follow-up examination. At admission, there
was a high incidence of neurologic deficit after fracture. In 11 cas-
es, neurological deficit was reported with ASIA grades A to D,
with no useful motor function including three cases of ASIA
grade A.

Management was based on the presence or absence of spinal
instability. In the presence of instability, surgery was performed
to achieve stabilization. In our patient population, all 13 cases un-
derwent surgery. The diagnosis was made based on studies in-
cluding plain radiography, CT scan, and MR imaging. The fol-
low-up duration was calculated from the date of admission to the
most recent evaluation. The mean follow-up period was 43.4 (3—

(69.2%) had fractures in the cervical spine and 4 cases (30.7%)
had fractures in the thoracolumbar spine. One of the patients had
cervical and thoracolumbar fractures at different times. Hyper-
extension was the most frequent mechanism of fracture. In our
subjects, 7 cases (53.8%) suffered a hyperextension injury. Espe-
cially, the 5 cases (55.5%) involving the cervical spine were asso-
ciated with the hyperextension mechanism. A flexion type mech-
anism occurred in 5 cases (38.4%). Compression fractures were
described in 1 thoraco-lumbar case but in none of the cervical
patients. Details of the fracture type versus fracture level are list-
ed in Table 2.

In each patient, just one spinal segment was involved. The C5/
6 level was the most frequently injured (4 cases; 30.7%). In 10
cases (76.9%), the traumatic injury resulted in a fracture by
minor trauma (falling from a low height such as out of the bed,
twisting the head, or ground-level). Three of the fractures were
caused by major trauma (motor vehicle accident or falling down

Table 2. Fracture type versus level in patients with ankylosing spondylitis

Cervical ~ Thoraco-lumbar Total
120) months.
Hyperextension 5 (55.5%) 2 (50%) 7 (53.8%)
1 0, 0, 0,
RESULTS Flexion 4 (44.4%) 1(25%) 5 (38.4%)
Compression 0 1(25%) 1(7.6%)
Clinical data are summarized in Table 1. In our series, 9 cases ~ 1otal ’ 4 13
Table 1. Clinical data and postoperative results
Case e S Level Mech@lsm Se.ve.rlty Treatment ASIA gréde ASIA gra.de Prior
no. of fracture of injury of injury preoperatively postoperatively — Fx
1 50 M C5/6  Flexion Minor LM C4-5-6 Lt, C4-5 Rt: C D (3 m f/u) N
laminectomy C3, 4, 5,6
ACDF C5-6
54 M Cc7 Hyperextension Minor ~ ACDF C6-7 E E 8y f/u) N
57 M C7  Flexion Major LM C4-5-6-PS T1-2: E E(ly6mflu) N
laminectomy C6, 7
60 M C3/4  Hyperextension Minor ~ ACDF C3-4:LM screw C2-3-4 B B2y f/) N
38 M C5/6  Hyperextension Minor  ACDEF C4/5/6/7 A A(lyf) N
LM fixation C4-5-6-7:
laminectomy C5, 6
6 73 M C5/6  Hyperextension Minor  ACDF C5-6 C C(lyémflu) N
7 (1) 47 M C5/6  Hyperextension Minor  ACDF C5-6 C D(5y3mflu) N
L2 Compression Minor ~ PST11-12-L1-3-4-5: D D (3y8mf/u)
2 49 M .
laminectomy L1, 2
8 30 M C6/7 Flexion Major ACDF C6-7 C D (8yf/u) N
9 56 M Cé6/7  Flexion Major ~ ACDF C6-7 D EM@y2mflu) N
10 60 M T11 Hyperextension = Minor Previous screw removal A A (10 y f/u) Y
PS T10-L1 bilateral :
laminectomy T10, 11
Corpectomy T11, 12 : Mesh cage
11 72 M L1 Hyperextension = Minor PST10-11-12-L1-3-4 Lt, A Al y f/u) N
T10-11-12-L2-3-4 Rt:
laminectomy L1, 2
12 72 M L1 Flexion Minor PSTI11-12-L1-2-3: C E (12 m f/u) N

laminectomy L1, 2, 3

*Case 7 underwent two spinal fracture events at different times, "Case 10 had previous spinal fracture at T11 level and underwent pedicle screw fixation, laminectomy
at a local hospital. Because of the further displacement due to screw loosening, he was transferred to our hospital. LM : lateral mass screw fixation, ACDF : anterior dis-

cectomy and fusion, PS : pedicle screw fixation
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a height of over 2 meter).

In cervical injury, 5 (55.5%) patients underwent anterior cer-
vical discectomy and fusion (ACDF) only. Three (33.3%) patients
underwent both ACDF and posterior fixation, with one of the pa-
tients undergoing one-stage anterior-posterior fixation and 2
undergoing two-stage anterior-stabilization surgery (Fig. 1). Only
one case underwent laminectomy and posterior fixation. In cases
of thoraco-lumbar fracture, all 4 patients underwent both lami-
nectomy and posterior fixation and 1 of them received an addi-

tional corpectomy and MESH cage implantation (Table 1). How-
ever, in thoraco-lumbar fracture, all patients received long pos-
terior fixation above and below at least 2 levels from the fracture
site (Fig. 2).

One patient had a prior fracture (case 10) and he underwent
posterior decompression and fixation at a local hospital before
being transferred to our hospital 1 month later because of a T11
fracture. During postoperative care at the local hospital, he suf-
fered a bed-level falling down injury. By using plain radiography,

Fig. 1. Case 5. Imaging study obtained in 38-year-old man suffering from ankylosing spondylitis for 15 years. The patient had been transferred to our
center from a local hospital after falling down in a drunken state. When he arrived at our hospital, his neurologic status was quadriplegia (ASIA grade A).
The patient underwent emergent two-stage anterior-posterior fixation to stabilization. After a 1-year follow-up period, his neurologic status was not im-
proved and he suffered aspiration pneumonia. After a tracheostomy, he was transferred to a rehabilitation center. A and B : Preoperative MR imaging
and plain radiography showing C5—6 instability, spinal cord injury due to compromised canal from the C6 lamina, and so-called bamboo spine resulting
from ankylosing spondylitis. C : Plain radiography demonstrating the outcome after two-stage anterior-posterior stabilization.

i [F] © :
Fig. 2. Case 12. Imaging studies obtained in a 72-year-old man with known ankylosing spondylitis for 30 years. He experienced immediate bilateral leg
motor weakness (ASIA grade C) from a fall-related injury at home. After surgery, the patient’s neurological status was improved to ASIA grade E for 11
months of follow-up. A and B : Preoperative plain radiography and MR imaging reveal a flexion fracture and dislocation of L1. C : Immediate postopera-
tive radiography after placement of pedicle screw from T11 to L3 and laminectomy L1, 2, 3. These figures show a structure of ankylosed spine like a
long bone fracture and further displacement of the fracture site after surgery. it may have occurred in positioning the patient in the operating room. D : post-
operative radiography for 11 months of follow-up demonstrating a fused state.
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Fig. 3. Case 10. A : Preoperative sagittal magnetic resonance T2-weighted image. Fracture had extended to the posterior column and the patient under-
went pedicle screw fixation T10-11-12 and laminectomy T10, 11 at a local hospital. B : Plain radiography from when the patient arrived at our hospital
after minor trauma. Fracture dislocation was noted because of implant failure. C : Plain radiography after 1 month of follow-up after operation in our
hospital. Previous implants were removed; corpectomy and MESH cage implantation were performed by retroperitoneal extra-pleural approach.

the fracture dislocation due to screw loosening was identified
(Fig. 3). When this patient arrived at our hospital, his neurologi-
cal status was ASIA grade A. Although he underwent a revision
operation including corpectomy, his neurological outcome did
not improve.

In one case (case 7), the patient experienced two different frac-
tures. He had suffered from ankylosing spondylitis for 10 years
and was admitted for a C5/6 fracture due to a fall-related injury
at home. After anterior stabilization, his motor weakness was im-
proved from ASIA grade C to D. He was admitted again due to a
compression fracture of L2 after 19 months and received surgi-
cal cervical treatment. In order to stabilize the spinal instability,
laminectomy and posterior long segment instrument fixation
was performed.

In our patient population, 11 cases (84.6%) had a neurologic
deficit upon admission. Specifically, 66.6% of cases (6 cases) with
cervical injury had severe neurologic deficits including ASIA
grades from A to C. In thoracolumbar fractures, 3 cases (75%)
suffered severe neurological damage. 5 cases (45.4%) had im-
proved ASIA grades as a result of surgery. 4 of them improved
significantly in ASIA grade from C (no ambulatory status) to D
(ambulatory status). In patients with severe neurologic damage
from cervical injury, 3 patients (50%) improved one ASIA grade.
Moreover, in thoracolumbar injury, one case (33.3%) improved
by two ASIA grades.

In our small number study; surgery-related complications were
not observed. However, general complications included 2 cases
of pneumonia in patients with cervical fractures (cases 5 and 6).
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After careful attention, the pneumonia was improved and both
of the patients were transferred to rehabilitation centers.

DISCUSSION

Ankylosing spondylitis is an inflammatory rheumatic disease
that affects the spine, including bones, muscles, and ligaments.
Characteristic symptoms of ankylosing spondylitis are spinal stift-
ness and loss of spinal mobility, which are explained by chronic
inflammation, structural damage, or both. Structural changes are
caused by osteoproliferation rather than osteodestruction. The
most characteristic features of this disease are syndesmophytes
and ankylosis, which lead to osseous fusion of the entire spine
and the formation of the bamboo spine. Other changes seen are
low bone mineral density, osteoporosis as a result of chronic in-
flammation, and diffuse atrophy. The combination of fused ver-
tebrae and osteoporosis not only causes a high risk of fracture but
also adds to the difficulties in treating these injuries*”. Due to an-
kylosed portions of the spine, fractures may occur that are char-
acteristically transverse and have been called ‘carrot stick frac-
tures.

In some published reports, 1.7-2.0% of the patients with spi-
nal cord injury also had diagnosed ankylosing spondylitis®*”. A
recent report on the global epidemiology of ankylosing spondy-
litis related that the prevalence of the disease is between 0.1 and
0.3%". Compared with the prevalence of ankylosing spondylitis,
the incidence of spinal cord injury in patients with ankylosing
spondylitis is higher than in the general population.
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The higher incidence of spinal cord injury is related to the
greater incidence of vertebral fractures, highly unstable features
like a long bone, and epidural hematoma following fracture in
patients with ankylosing spondylitis. Therefore, the neurological
status of patients with ankylosing spondylitis is further affected
by more complicated conditions.

In our study population, the patients were all men. Generally,
the reported incidences of clinical vertebral fracture were higher
in men"”*””. This finding is reflective of the higher prevalence of
ankylosing spondylitis in men, which varies among the patient
population in a range from 65% to 809"+,

In our series, cervical spine fractures developed in 9 of 12 pa-
tients (75%). This proportion is similar to those reported by oth-
ers"**””. The fracture may occur at any site, although up to 75%
of fractures in the current study were localized to the cervical
spine. The lower cervical spine is the most frequently affected
level, due to greater physical load. The thoracolumbar junction
is the second most common level of injury in these patients. Hy-
perextension injuries are the most frequent cause of fracture, but
hyperflexion injuries also occur®*"*”*%. The severity of the frac-
ture in a patient with ankylosing spondylitis is further empha-
sized by the proportion of patients who exhibit neurologic defi-
cits after suffering a fracture. In the present study, 9 in 12 patients
suffered some neurologic deficit after spinal fracture. Although
all patients with ankylosing spondylitis and spinal fracture un-
derwent anterior, posterior, or combined anterior-posterior stabi-
lization, neurological status was improved in only 5 patients after
surgery. Considering whether there is posterior column injury or
not, 6 in 9 cervical fracture patients underwent an anterior ap-
proach to stabilization alone. In the follow-up study, there were
no surgery-related implant failures. However, general complica-
tions, including pneumonia, occurred in 2 patients with cervical
injury. Most fractures (10 cases, 76.9%) were caused by minor
trauma. Various authors have demonstrated the tendency of an-
kylosing spondylitis patients to suffer major injury from minor
trauma, as this relationship occurs in almost half of all cases™”*'®.

The posttraumatic epidural hematoma is commonly seen in
patients with ankylosing spondylitis.

In our series, epidural hematoma was noted in 3 cases (23%).
The incidence of spinal epidural hematoma is also increased in
patients with ankylosing spondylitis up to 50%™""”. Epidural he-
matoma often occurs due to bleeding from the epidural venous
plexus and the fractured bone. Ossification of the ligaments in
theses patients increases the risk of epidural hematoma. Imaging
studies including MRI and CT scans should be reviewed care-
fully to rule out epidural hematoma. Delayed diagnosis of epi-
dural hematoma may result in further increased risk of neuro-
logical injury.

Worsening of displacement in postoperative radiologic study
occurred in 1 case, in relation to positioning the patient during
the operation. Instability of the fracture site in patients with anky-
losing spondylitis is more excessive than in the general popula-
tion. Because of progressive ligament ossification of the whole

spine, the ankylosed spine resembles the diaphysis of a long
bone'***, Therefore, careful manipulation techniques should
be conducted in patient transportation, positioning, traction, and
endotracheal intubation in order to avoid worsening displace-
ment and neurological status.

Long segment fixation has been used as the answer to stabi-
lizing the spine. Serin et al.”” found that four levels of posterior
fixation is superior to two levels of posterior fixation to protect
the surgical correction of the unstable vertebral fractures.

Lazaro et al."” demonstrated that short-segment fixation pro-
vides significantly less stability than long-segment fixation for
the injury studied in the thoracic spine trauma model.

23)
Tezeren and Kuru

showed that the final outcome regarding
sagittal index and anterior body compression in radiographic
findings was better in the long segment fixation group than in the
short segment fixation group with thoracolumbar burst fractures.
Despite not including ankylosing spondylitis patients due to
their unstable condition, the results of these studies support the
use of long segment fixation to stabilize the spine.

Patients with ankylosing spondylitis are highly susceptible to
spinal fracture even after only mild trauma. The incidence of cer-
vical fractures was higher in these patients than in the general pop-
ulation. Despite the high incidence of fractures in patients with
ankylosing spondylitis, delyed time to diagnosis is common. Long
standing pain may mask the patient’s symptoms. Simple plain ra-
diography of the spine may fail to reveal the fracture due to the
distorted anatomy, ossified ligaments and artifacts. Initial CT or
MR imaging of the whole spine is recommended in cases of inju-
ry in ankylosing spondylitis, even if the patients symptoms are
mild. Early diagnosis with high level of suspicion for spinal inju-
ry may prevent the possible long-term neurological damage”. Al-
though surgical intervention has been the primary treatment,
neurological improvement following surgery is limited. In spite
of these facts, stabilization surgery was recommended in spinal
cord injuries in ankylosing spondylitis patients to prevent fur-
ther ongoing neurologic deficit. After surgery, early mobilization
is encouraged to reduce the risk of pulmonary complications com-
mon to these patients with prolonged bed rest. Patient education
in avoidance of excessive exercise, drinking, and sleeping on a
high bed and in proper methods of transportation will contribute
to a reduction in fractures in those suffering from ankylosing
spondylitis.

CONCLUSION

Patients with ankylosing spondylitis are highly susceptible to
spinal fracture and spinal cord injury even after only mild trau-
ma. Initial CT or MR imaging of the whole spine is recommend-
ed even when a patient’s symptoms are mild. The patient also
should have early surgical stabilization to correct any spinal de-
formity and avoid worsening the patient’s neurological status.

112



Surgical Management of Traumatic Vertebral Fractures in Patients with Ankylosing Spondylitis | SB An, et al.

References

Ju—

i

o

Nes

10.

1

—

NS}

1

W

14.

15.

. Alaranta H, Luoto S, Konttinen YT : Traumatic spinal cord injury as a

complication to ankylosing spondylitis. An extended report. Clin Exp
Rheumatol 20 : 66-68, 2002

. Anwar E, Al-Khayer A, Joseph G, Fraser MH, Jigajinni MV, Allan DB :

Delayed presentation and diagnosis of cervical spine injuries in long-
standing ankylosing spondylitis. Eur Spine J 20 : 403-407, 2011

. Braun ], Sieper ] : Ankylosing spondylitis. Lancet 369 : 1379-1390, 2007

Caron T, Bransford R, Nguyen Q, Agel ], Chapman J, Bellabarba C : Spine
fractures in patients with ankylosing spinal disorders. Spine (Phila Pa
1976) 35 : E458-E464, 2010

Cornefjord M, Alemany M, Olerud C : Posterior fixation of subaxial cer-
vical spine fractures in patients with ankylosing spondylitis. Eur Spine J
14 :401-408, 2005

Dean LE, Jones GT, MacDonald AG, Downham C, Sturrock RD, Mac-
farlane GJ : Global prevalence of ankylosing spondylitis. Rheumatology
(Oxford) 53 : 650-657, 2014

Einsiedel T, Schmelz A, Arand M, Wilke HJ, Gebhard E, Hartwig E, et
al. : Injuries of the cervical spine in patients with ankylosing spondylitis :
experience at two trauma centers. ] Neurosurg Spine 5 : 33-45, 2006

. Feldtkeller E, Vosse D, Geusens P, van der Linden S : Prevalence and an-

nual incidence of vertebral fractures in patients with ankylosing spondy-
litis. Rheumatol Int 26 : 234-239, 2006

. Foo D, Sarkarati M, Marcelino V : Cervical spinal cord injury complicat-

ing ankylosing spondylitis. Paraplegia 23 : 358-363, 1985
Fox MW, Onofrio BM, Kilgore JE : Neurological complications of anky-
losing spondylitis. ] Neurosurg 78 : 871-878, 1993

. Garza-Mercado R : Traumatic extradural hematoma of the cervical spine.

Neurosurgery 24 : 410-414, 1989

. Ghozlani I, Ghazi M, Nouijai A, Mounach A, Rezqi A, Achemlal L, et al. :

Prevalence and risk factors of osteoporosis and vertebral fractures in pa-
tients with ankylosing spondylitis. Bone 44 : 772-776, 2009

. Goldberg AL, Keaton NL, Rothfus WE, Daffner RH : Ankylosing spon-

dylitis complicated by trauma : MR findings correlated with plain radio-
graphs and CT. Skeletal Radiol 22 : 333-336, 1993

Graham B, Van Peteghem PK : Fractures of the spine in ankylosing spon-
dylitis. Diagnosis, treatment, and complications. Spine (Phila Pa 1976) 14 :
803-807, 1989

Harding JR, McCall IW, Park WM, Jones BF : Fracture of the cervical
spine in ankylosing spondylitis. Br ] Radiol 58 : 3-7, 1985

113

16.

17.

18.

19.

20.

2

—_

22.

23.

24.

25.

26.

27

28.

Hitchon PW, From AM, Brenton MD, Glaser JA, Torner JC : Fractures of
the thoracolumbar spine complicating ankylosing spondylitis. ] Neuro-
surg 97 (2 Suppl) : 218-222, 2002

Jacobs WB, Fehlings MG : Ankylosing spondylitis and spinal cord inju-
ry : origin, incidence, management, and avoidance. Neurosurg Focus 24 :
E12, 2008

Karasick D, Schweitzer ME, Abidi NA, Cotler JM : Fractures of the verte-
brae with spinal cord injuries in patients with ankylosing spondylitis : im-
aging findings. AJR Am J Roentgenol 165 : 1205-1208, 1995

Lazaro BC, Deniz FE, Brasiliense LB, Reyes PM, Sawa AG, Theodore N,
et al. : Biomechanics of thoracic short versus long fixation after 3-column
injury. ] Neurosurg Spine 14 : 226-234, 2011

Olerud C, Frost A, Bring ] : Spinal fractures in patients with ankylosing
spondylitis. Eur SpineJ 5 : 51-55, 1996

. Serin E, Karakurt L, Yilmaz E, Belhan O, Varol T : Effects of two-levels,

four-levels plus offset-hook posterior fixation techniques on protecting
the surgical correction of unstable thoracolumbar vertebral fractures : a
clinical study. Eur J Orthop Surg Traumatol 14 : 1-6, 2004

Sieper ], Braun J, Rudwaleit M, Boonen A, Zink A : Ankylosing spondy-
litis : an overview. Ann Rheum Dis 61 Suppl 3 : iii8-iii18, 2002

Tezeren G, Kuru I : Posterior fixation of thoracolumbar burst fracture :
short-segment pedicle fixation versus long-segment instrumentation. J
Spinal Disord Tech 18 : 485-488, 2005

Thumbikat P, Hariharan RP, Ravichandran G, McClelland MR, Mathew
KM : Spinal cord injury in patients with ankylosing spondylitis : a 10-year
review. Spine (Phila Pa 1976) 32 : 2989-2995, 2007

Ticé N, Ramon S, Garcia-Ortun F, Ramirez L, Castellé T, Garcia-Fernan-
dez L, et al. : Traumatic spinal cord injury complicating ankylosing spon-
dylitis. Spinal Cord 36 : 349-352, 1998

Weinstein PR, Karpman RR, Gall EP, Pitt M : Spinal cord injury, spinal
fracture, and spinal stenosis in ankylosing spondylitis. ] Neurosurg 57 :
609-616, 1982

. Westerveld LA, van Bemmel JC, Dhert WJ, Oner FC, Verlaan JJ : Clini-

cal outcome after traumatic spinal fractures in patients with ankylosing
spinal disorders compared with control patients. Spine J 14 : 729-740,
2014

Westerveld LA, Verlaan JJ, Oner FC : Spinal fractures in patients with an-
kylosing spinal disorders : a systematic review of the literature on treat-
ment, neurological status and complications. Eur Spine J 18 : 145-156,
2009



