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Ankylosing spondylitis (AS) and diffuse idiopathic skeletal hyperostosis (DISH) are
bone-forming spinal conditions which inherently increase spine rigidity and place
patients at a higher risk for thoracolumbar fractures. Due to the long lever-arm
associated with their pathology, these fractures are frequently unstable and may
significantly displace leading to catastrophic neurologic consequences. Operative and
non-operative management are considerations in these fractures. However conservative
measures including immobilization and bracing are typically reserved for non-displaced
or incomplete fractures, or in patients for whom surgery poses a high risk. Thus, first line
treatment is often surgery which has historically been an open posterior spinal fusion.
Recent techniques such as minimally invasive surgery (MIS) and robotic surgery have
shown promising lower complication rates as compared to open techniques, however
these methods need to be further validated.

pathologic process is defined by four adjacent vertebral
bodies bridged by osteophytes, forming new bone?* (Figure
2). The prevalence of this disease is higher, ranging from
2.9% to 25%.56 This multilevel bone fusion creates a long
spinal lever arm, increasing susceptibility to injury even af-
ter low energy trauma.” 10 The risk of fractures is higher
in patients with ankylosing conditions of the spine than
in healthy individuals, particularly thoracolumbar frac-
tures.11-13
Dislocation events tend to be more common in AS and
DISH due to the ossification of the elastic and supporting
soft tissues creating a longer lever arm, creating severe in-
stability and have an increased potential for neurologic im-
pairment.314.15 To protect against the progression of neu-
rological deficits, these patients should be managed with
extreme caution such as using advanced and full spine
imaging when a fracture is suspected.316-18 Like most
Figure 1. CT scan showing an intact spine in a patient  ¢ia] pathology, management can be either conservative
with AS. or operative. Although surgical strategies can have a high
rates of postoperative morbidity and mortality making non-
1. INTRODUCTION operative management a logical consideration, prolonged
bed rest is associated with complications such as bedsores,
pneumonia, and venous thrombosis; Additionally, non-op-
erative management has an increased risk for pseudarthosis
and subsequent nerve injury which is why operative treat-
ment is usually favored in these patients.319,20
There is some debate surrounding the management of
thoracolumbar fractures in patients with AS and DISH. Fur-
thermore, there is a paucity of clear guidelines and algo-
rithms to handle thoracolumbar fractures in these patients.
Thus, the purpose of this article is to review the different

Ankylosing spondylitis (AS) and diffuse idiopathic skeletal
hyperostosis (DISH) are bone-forming spinal diseases that
increase spine rigidity, leading to functional and structural
abnormalities with decreased quality of life.l"3 In AS,
chronic inflammation causes the sacroiliac joints and spine
to spontaneously fuse resulting in acute back pain followed
by generalized spinal stiffness3 (Figure 1). The prevalence
of this entity has a range of 0.1% to 1.4%.2

In DISH, a non-inflammatory disease, there is no de-
generation of the sacroiliac or apophyseal joints, but the


https://doi.org/10.52965/001c.94279
https://orthopedicreviews.openmedicalpublishing.org/article/94279-management-of-thoracolumbar-vertebral-fractures-and-dislocations-in-patients-with-ankylosing-conditions-of-the-spine/attachment/197872.png
https://doi.org/10.52965/001c.94279

Management of Thoracolumbar Vertebral Fractures and Dislocations in Patients with Ankylosing Condition...

Figure 2. CT scan showing an intact spine in a patient
with DISH.

management techniques of these fractures to help guide
spine surgeons in treating these entities.

2. CONSERVATIVE MANAGEMENT

In patients with AS and DISH, the instability of these frac-
tures have prompted a move towards surgical treatment
to avoid any risk of future displacements and subsequent
neurologic injury.2! While conservative management can
be successful in some cases, close monitoring is required
in AS and DISH due to the high risk of deformity progres-
sion, neurologic injuries, and non-union.18 Non-surgical
management is limited to rigid external orthoses including
plaster jackets, thoracolumbosacral orthoses, halo vest, and
cervical collars, depending on the location of the injury.18
Conservative treatment strategies date back as early as
the mid-1900s when immobilization was reported to be
successful for AS patients.22 This evolved to more rigid ex-
ternal immobilization, where in 1975, it was recommended
that neurologically intact patients be placed in a plaster
body-cast with regular follow-up.23 However, more re-
cently, the efficacy of external orthoses has been ques-
tioned, with one case report describing successful conser-
vative management with only observation and no brace in
a neurologically intact patient suffering from a T53-col-
umn spinal fracture.24 The authors highlighted the role of
the rib-sternum complex - the “fourth column” - in main-
taining the stability of this fracture that was initially de-
scribed as “unstable”.24 The high rate of kyphotic deformi-
ties makes bracing difficult for AS patients.18 Nevertheless,
Fageeh et al. reported a lumbar fracture in a neurologi-
cally intact AS patient that was successfully managed with
a brace.25 However, one must note that in these two re-
cent reports, conservative management was a second-line

management since surgery was ruled out either due to pa-
tient refusal or medical comorbidities which placed the pa-
tient at increased surgical risk.24:25 Traction is rarely used
as most of the fractures in AS patients are unstable and
traction can risk even further displacement.!8

As for DISH, bracing alone may be a feasible option if the
fractures are stable.26 Three cases of conservative manage-
ment were discussed by Taher et al. and included patients
with hyperextension injuries and normal facet orientations
without significant dislocation.26 The authors recom-
mended that surgeons consider conservative treatment on
a case-by-case basis and that the surgeon should consider
the nature of the fracture to determine the appropriate or-
thosis strategy for fusion.26 Institutionally, we have experi-
enced the same stability profile with bracing in certain pure
extension-type fractures due to the relative stability in flex-
ion, which tends to be the direction of displacement and
deformity in AS and DISH patients.

In a study published in 2009 comparing surgical and
nonsurgical outcomes for spinal fracture in AS and DISH,
cases where there was a stable fracture (defined using the
thoracolumbar injury classification system) and no associ-
ated deficits were managed conservatively using either a
halo vest orthosis.2” The authors noted that patients placed
in a halo vest died early within the postinjury time period,
leading them to recommend that halo vest use be carefully
considered in AS and DISH as they tend to be older with
multiple medical comorbidities2’. Data such as this support
the recommendation that bracing be a second-line treat-
ment with surgery the recommended treatment if medically
safe.3

Complications after conservative management are com-
mon. While some complications are acceptable such as mild
kyphosis, many complications can be catastrophic. These
include complications such as pseudoarthrosis, displace-
ment resulting in a nonrecoverable neurologic insult, or
development of a spinal epidural hematoma.27-30 Epidural
hematoma is not uncommon in these fractures and can
even occur in non-displaced fractures due to the micromo-
tion of the fractured segments injuring the epidural venous
plexus.28 Other complications include the high risk of pul-
monary complications and death associated with prolonged
bed rest.31,32 Furthermore, external halo fixation has been
associated with a high risk of respiratory insufficiency, loss
of reduction, and pin-related complications such as pull-
out or infection.!8 Bracing is also associated with respira-
tory complications and high mortality rates.32:33 In a ret-
rospective analysis done by Caron et al., bracing was used
as the definitive treatment for 18% of patients; while for
another 15% of patients, bracing was used when patients
were considered too unstable for surgery.33 Among this
nonoperative group treated with bracing alone, the mor-
tality rate was higher at 51% compared to 23% in the sur-
gically treated group.33 However, it was not clear if there
were any baseline differences between cohorts which con-
founded these findings. Due to the potential for cata-
strophic outcomes we still prefer to reserve conservative
management for non-operative candidates. Aoki et al. went
further to suggest that even if the operative risk is high,
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surgery should still be considered as the first line treat-
ment.28

3. OPERATIVE MANAGEMENT

3.1. POSITIONING

The ligaments and paraspinal muscles around a fractured
and ankylosed spine are some of the only mechanical sup-
ports preventing further displacement. Thus, surgeons
must be careful in positioning patients after the induction
of general anesthesia due to the loss of muscular tone and
subsequent structural spinal support.!834.35 Surgeons must
be careful when both moving and positioning patients in
order to prevent any subsequent fractures or displacement
and maintain proper spinal alignment.18:36.37 Furthermore,
emergency intubation in AS and DISH was associated with
the initiation or progression of neurological deficits.38
Thus, standard usage of fiberoptic intubation, in addition
to suitable transportation and positioning while maintain-
ing the spine under protection and avoiding sudden manip-
ulations, is crucial especially in unstable cervical or cervi-
cothoracic fractures.18,39:40

Additionally, utilizing fluoroscopy after positioning may
help ensure appropriate alignment and avoid fusing pa-
tients in improper positions.34 Other recommendations in-
clude supplementing the operating table with pads/rolls
which can help reduce the fracture by acting as a hypo-
mochlion.!8 In some cases, especially in hyperextension in-
juries, implementing an inclined upright sitting position is
needed to reduce the fracture.18 Finally, applying a unilat-
eral screw fixation system under local anesthesia before un-
dergoing general anesthesia and extended instrumentation
was shown to be effective in a small case series, preventing
positioning and anesthesia-associated neurologic deterio-
ration.3°

3.2. APPROACH

A variety of surgical approaches have been suggested in
the literature: posterior or combined anterior-posterior fix-
ation.18:37 As for standalone anterior fixation, it is not rec-
ommended due to the long lever arm and lack of structural
support without posterior fixation. In some cases, an ante-
rior approach is necessary if the isolated posterior surgery
was unsuccessful in aligning and/or approximating the
fracture ends to an acceptable degree.!84! However, a
higher rate of pulmonary complications are noted when an
anterior approach is used, especially in the cervicothoracic
region.42

In AS patients, fusion can be performed effectively
through a posterior or posterolateral approach using au-
tologous bone or different forms of allograft or synthetic
graft.4! In situations where posterolateral fusion cannot be
achieved or the patient is at a high risk of pseudarthro-
sis, expandable cages or autologous bone grafts through
an anterior approach for fusion may be useful.3741 How-
ever, there is a high risk of cage subsidence which may be
avoided by utilizing angular stable plating systems.!8 Sub-

sidence may be caused by escaped ossification in the con-
cerned segment since AS is a multifocal and not a contigu-
ous disease, and the altered biomechanics of the stiff spine
result in endplate stress fractures.3”

The standard surgical approach for thoracolumbar spine
fracture with hyperextension in patients with DISH in-
volves an open posterior fixation with spinal instrumenta-
tion that extends three levels above and below the fracture
site.3 In a retrospective review of 122 patients with AS and
DISH, Caron et al. found that in the 58 patients (77% of the
surgical treatment group) who received posterior segmen-
tal fixation with instrumentation three levels above and be-
low the injury, no patients required reoperation for fixa-
tion failure.33 Within the posterior only surgical group, the
lack of fixation failure with the multi-level segmental pos-
terior fixation led them to recommend that there was no
need for an additional anterior column fixation despite the
increased occurrence of anterior column defects after cor-
rection in this cohort.33:43

3.3. TECHNIQUES
3.3.1. OPEN

Trent et al. were one of the first to recommend operative
treatment in shearing fractures using contoured Luque rods
placed in a rectangular configuration with segmental wiring
three levels below and above the injured level and con-
traindicated the usage of Harrington distraction rods.30 The
rods utilized have changed to a pedicle screw-rod construct
while maintaining the fixation to three segments above and
below the injured vertebra in both AS and DISH (Figure
3).33,35 However, other recent literature has demonstrated
efficacy with constructs that only extend two segments
above and below the fracture instead of three.18:41

Due to the high rate of associated osteoporosis in pa-
tients with AS and DISH, using polymethylmethacrylate
(PMMA) to augment the screws can be effective 184144
However, caution must be taken due to the risk of cement
embolism especially in patients with a long thoracic instru-
mentation or patients with pre-operative pulmonary re-
striction due to the rib-cage stiffness associated especially
with AS.45 Furthermore, open/closed wedge osteotomy for
kyphosis correction is not recommended in the acute set-
ting due to its association with a higher rate of complica-
tions, especially hematologic.!8 If the deformity is severe,
then concomitant osteotomy can be considered after dis-
cussing risks and benefits with the patient.18:46

Open posterior fixation three levels above and below the
injury increases the length and invasiveness of the proce-
dure which has been postulated to contribute to the high
mortality rate associated with these surgical interventions.
This has led to more recent attempts to utilize percuta-
neous pedicle screws in minimally invasive surgeries (MIS).

3.3.2. MINIMALLY INVASIVE

The gradually emerging minimally invasive surgery (MIS)
approaches are promising.*” Many studies have been car-
ried out to examine the efficacy of MIS in AS and DISH and
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Figure 3. (A) CT scan (B) and MRI of a T10-11 fracture
in a patient with AS. (C) Post-operative plain
radiograph showing posterior instrumentation 3 levels
above and below the T10-11 fracture.

report similar outcomes with a lower perioperative compli-
cation rate when MIS was compared to open surgery.ll:4%
48-50 1t was also shown that MIS decreases blood loss and
shortens both operative time and hospital stay.32’44'47’50'54
These findings support MIS as another highly effective ap-

proach since it can achieve similar outcomes to open pro-
cedures with lower rates of perioperative complications.

One complication associated with MIS, as described by
Yeoh et al., is the difficulty of identifying landmarks using
fluoroscopy to correctly position pedicle screws.4” For this
reason, some studies have advised the use of a CT guided
navigation as an alternative, which improves the screw po-
sition accuracy.>>-57 Choi et al. reported an 87.3% accuracy
of computer-tomography image guided system (IGS) screw
placement in comparison to 82.1% for fluorotactic guidance
system (FGS). IGS also had a significantly lower mean reg-
istration and operational time of 6:50 minutes in contrast
to 14:34 minutes of FGS operational time.57

3.3.3. VERTEBROPLASTY & KYPHOPLASTY

Due to the fact that AS patients often have other comor-
bidities and a high risk of mortality with surgery, posterior
instrumentation can sometimes have unacceptably high
surgical risk.>8 In such patients, Kulkarni et al. demon-
strated that vertebroplasty can be an effective alternative.>8
This procedure should be performed with caution and ce-
ment must be placed anteriorly to avoid any cement leak-
age into the spinal canal.>8 Kyphoplasty was also shown
to be an effective procedure and resulted in satisfactory
outcomes in AS patients.>%60 To avoid cement leakage, a
graded infusion of cement is recommended.>® Late-stage
cement should be added first to cover the fracture line, fol-
lowed by cement in the paste or dough-phase which will
diffuse evenly in the vertebral body.5%

As for DISH, vertebroplasty improved the patients’ am-
bulatory status and reduced back pain to the patients pre-
operative levels.%! The authors argue that this technique
was safe and effective at reducing back pain and re-estab-
lishing gait in affected patients.®! Vertebroplasty may even
be a suitable option after unsuccessful open surgeries.62
These results were also demonstrated when kyphoplasty
was used instead of vertebroplasty.6364 Additionally, brac-
ing with anti-osteoporotic treatment is believed to con-
tribute to improved quality of life for the patient.63 How-
ever, Tsuchikawa et al. recommend avoiding this technique
in patients with a difference > 10° in the wedge angle of
the fractured vertebrae between the supine and sitting po-
sitions as it was associated with delayed healing.

3.3.4. ROBOT-ASSISTED

Another surgical treatment option, studied in AS patients,
is the robot-assisted minimally invasive procedure which
may further decrease blood loss and the operative period
while reducing the complication rate.65:66 A study by Shi et
al. investigated the efficacy of robot assisted internal fix-
ation in the lateral decubitus position for the treatment
of AS in comparison to conventional MIS.7 They found
superior screw accuracy in the robot-assisted MIS surgery
(96.9%) when compared to conventional MIS (81.5%).67
The use of robotic MIS for AS could be especially advan-
tageous since these patients have a high potential to de-
velop intra- and post-operative complications.®> Neverthe-
less, more studies are needed before implementing this
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approach in the management armamentarium of thora-
columbar fractures in AS and DISH.

4. CONCLUSION

Management of thoracolumbar fractures in patients with
AS and DISH remains debated. Conservative management
(immobilization, halo, bracing etc), which may be more
suitable for neurologically intact patients with stable frac-
tures, needs to be carefully justified as it may confer com-
plications such as respiratory insufficiency and loss of re-
duction leading to potentially catastrophic neurological
injury. Close monitoring is incumbent to facilitate early
recognition of complications. As for surgical intervention,
a traditional prone position posterior-only open approach
with fusion carried three levels above and below the frac-
tured level remains an excellent option with high rates of
fusion and good outcomes. Other MIS techniques have re-
cently shown a promising perioperative complication pro-
file with similar outcomes, and increased experience may
optimize results. However, more studies are needed before
implementing these approaches as the standard of care.

COMPETING INTERESTS

MD, AR, MBC, JG, MB, JRM, and CLM declare no competing
interests.

BGD declares consulting fees for clariance and spinevi-
sion. However, none of them is relevant to this manuscript.

AHD declares grants from stryker and Medtronic, royal-
ties from stryker and spineart, consulting fees from stryker,
spineart, and Medtronic, receiving payment for expert tes-
timony from multiple law firms. However, none of them is
relevant to this manuscript.

FUNDING

This research did not receive any specific grant from any
funding agency in the public, commercial or not-for-profit
sector.

CORRESPONDING AUTHOR

Alan H. Daniels, MD
1 Kettle Point Ave
East Providence, RI 02914

Email: alandanielsmd@gmail.com

Submitted: February 05, 2024 EDT, Accepted: February 19,
2024 EDT

Orthopedic Reviews 5


mailto:alandanielsmd@gmail.com

Management of Thoracolumbar Vertebral Fractures and Dislocations in Patients with Ankylosing Condition...

REFERENCES

1. Hunter T, Dubo H. Spinal fractures complicating
ankylosing spondylitis. Ann Intern Med.
1978;88(4):546-549. doi:10.7326/0003-4819-88-4-546

2. Braun ], Sieper J. Ankylosing spondylitis. Lancet.
2007;369(9570):1379-1390. doi:10.1016/
s0140-6736(07)60635-7

3. Westerveld LA, Verlaan J]J, Oner FC. Spinal
fractures in patients with ankylosing spinal disorders:
a systematic review of the literature on treatment,
neurological status and complications. Eur Spine J.
2009;18(2):145-156. doi:10.1007/s00586-008-0764-0

4. Resnick D, Niwayama G. Radiographic and
Pathologic Features of Spinal Involvement in Diffuse
Idiopathic Skeletal Hyperostosis (DISH). Radiology.
1976;119(3):559-568. doi:10.1148/119.3.559

5. Kim SK, Choi BR, Kim CG, et al. The prevalence of
diffuse idiopathic skeletal hyperostosis in Korea. J
Rheumatol. 2004;31(10):2032-2035. http://
www.ncbi.nlm.nih.gov/pubmed/15468371

6. Weinfeld RM, Olson PN, Maki DD, Griffiths HJ. The
prevalence of diffuse idiopathic skeletal hyperostosis
(DISH) in two large American Midwest metropolitan
hospital populations. Skeletal Radiol.
1997;26(4):222-225. doi:10.1007/s002560050225

7. Taggard DA, Traynelis VC. Management of cervical
spinal fractures in ankylosing spondylitis with
posterior fixation. Spine. 2000;25(16):2035-2039.
doi:10.1097/00007632-200008150-00006

8. Hunter T, Dubo HI. Spinal fractures complicating
ankylosing spondylitis. A long-term followup study.
Arthritis Rheum. 1983;26(6):751-759. doi:10.1002/
art.1780260608

9. Einsiedel T, Schmelz A, Arand M, et al. Injuries of
the cervical spine in patients with ankylosing
spondylitis: experience at two trauma centers. J
Neurosurg Spine. 2006;5(1):33-45. doi:10.3171/
spi.2006.5.1.33

10. Broom M], Raycroft JF. Complications of fractures
of the cervical spine in ankylosing spondylitis. Spine.
1988;13(7):763-766. doi:10.1097/
00007632-198807000-00009

11. Trungu S, Ricciardi L, Forcato S, Miscusi M, Raco
A. Percutaneous instrumentation with cement
augmentation for traumatic hyperextension thoracic
and lumbar fractures in ankylosing spondylitis: a
single-institution experience. Neurosurg Focus.
2021;51(4):E8. d0i:10.3171/2021.7.focus21308

12. Paley D, Schwartz M, Cooper P, Harris WR, Levine
AM. Fractures of the spine in diffuse idiopathic
skeletal hyperostosis. Clin Orthop Relat Res.
1991;(267):22-32. http://www.ncbi.nlm.nih.gov,

pubmed/2044283

13. Belanger TA, Rowe DE. Diffuse idiopathic skeletal
hyperostosis: musculoskeletal manifestations. ] Am
Acad Orthop Surg. 2001;9(4):258-267. doi:10.5435/
00124635-200107000-00006

14. Surin VV. Fractures of the cervical spine in
patients with ankylosing spondylitis. Acta Orthop
Scand. 1980;51(1):79-84. d0i:10.3109/
17453678008990772

15. Lange U, Pape HC, Bastian L, Krettek C.
[Operative management of cervical spine injuries in
patients with Bechterew’s disease]. Unfallchirurg.
2005;108(1):63-68. doi:10.1007/s00113-004-0793-z

16. Jacobs WB, Fehlings MG. Ankylosing spondylitis
and spinal cord injury: origin, incidence,
management, and avoidance. Neurosurg Focus.
2008;24(1):E12. doi:10.3171/foc/2008/24/1/e12

17. Altun I, Yuksel KZ. Ankylosing Spondylitis:
Patterns of Spinal Injury and Treatment Outcomes.
Asian Spine J. 2016;10(4):655-662. doi:10.4184/
asj.2016.10.4.655

18. Reinhold M, Knop C, Kneitz C, Disch A. Spine
Fractures in Ankylosing Diseases: Recommendations
of the Spine Section of the German Society for
Orthopaedics and Trauma (DGOU). Glob spine J.
2018;8(2Suppl):56S-68S. doi:10.1177/
2192568217736268

19. El Tecle NE, Abode-Iyamah KO, Hitchon PW,
Dahdaleh NS. Management of spinal fractures in
patients with ankylosing spondylitis. Clin Neurol
Neurosurg. 2015;139:177-182. doi:10.1016/
j.clineuro.2015.10.014

20. Lu ML, Tsai TT, Lai PL, et al. A retrospective
study of treating thoracolumbar spine fractures in
ankylosing spondylitis. Eur J Orthop Surg Traumatol.
2014;24(Suppl1):S117-123. doi:10.1007/
s00590-013-1375-y

21. Werner BC, Samartzis D, Shen FH. Spinal
Fractures in Patients With Ankylosing Spondylitis:
Etiology, Diagnosis, and Management. ] Am Acad
Orthop Surg. 2016;24(4):241-249. doi:10.5435/jaaos-
d-14-00149

Orthopedic Reviews


https://doi.org/10.7326/0003-4819-88-4-546
https://doi.org/10.1016/s0140-6736(07)60635-7
https://doi.org/10.1016/s0140-6736(07)60635-7
https://doi.org/10.1007/s00586-008-0764-0
https://doi.org/10.1148/119.3.559
http://www.ncbi.nlm.nih.gov/pubmed/15468371
http://www.ncbi.nlm.nih.gov/pubmed/15468371
https://doi.org/10.1007/s002560050225
https://doi.org/10.1097/00007632-200008150-00006
https://doi.org/10.1002/art.1780260608
https://doi.org/10.1002/art.1780260608
https://doi.org/10.3171/spi.2006.5.1.33
https://doi.org/10.3171/spi.2006.5.1.33
https://doi.org/10.1097/00007632-198807000-00009
https://doi.org/10.1097/00007632-198807000-00009
https://doi.org/10.3171/2021.7.focus21308
http://www.ncbi.nlm.nih.gov/pubmed/2044283
http://www.ncbi.nlm.nih.gov/pubmed/2044283
https://doi.org/10.5435/00124635-200107000-00006
https://doi.org/10.5435/00124635-200107000-00006
https://doi.org/10.3109/17453678008990772
https://doi.org/10.3109/17453678008990772
https://doi.org/10.1007/s00113-004-0793-z
https://doi.org/10.3171/foc/2008/24/1/e12
https://doi.org/10.4184/asj.2016.10.4.655
https://doi.org/10.4184/asj.2016.10.4.655
https://doi.org/10.1177/2192568217736268
https://doi.org/10.1177/2192568217736268
https://doi.org/10.1016/j.clineuro.2015.10.014
https://doi.org/10.1016/j.clineuro.2015.10.014
https://doi.org/10.1007/s00590-013-1375-y
https://doi.org/10.1007/s00590-013-1375-y
https://doi.org/10.5435/jaaos-d-14-00149
https://doi.org/10.5435/jaaos-d-14-00149

Management of Thoracolumbar Vertebral Fractures and Dislocations in Patients with Ankylosing Condition...

22. Thorngren KG, Liedberg E, Aspelin P. Fractures of
the thoracic and lumbar spine in ankylosing
spondylitis. Arch Orthop Trauma Surg.
1981;98(2):101-107. doi:10.1007/bf00460796

23. Osgood CP, Abbasy M, Mathews T. Multiple spine
fractures in ankylosing spondylitis. ] Trauma.
1975;15(2):163-166. d0i:10.1097/
00005373-197502000-00011

24. Shen FH, Samartzis D. Successful nonoperative
treatment of a three-column thoracic fracture in a
patient with ankylosing spondylitis: existence and
clinical significance of the fourth column of the
spine. Spine. 2007;32(15):E423-E427. do0i:10.1097/
brs.0b013e318074d59f

25. Fageeh A, Yen D. Successful Nonoperative
Treatment of a Lumbar Spine Extension Injury with
Disruption of all Three Bony Columns in a Patient
with Ankylosing Spondylitis — A Case Report. Open
Neurol J. 2017;11(1):92-97. doi:10.2174/
1874205x01711010092

26. Taher AW, Page PS, Greeneway GP, et al. Spinal
fractures in the setting of diffuse idiopathic skeletal
hyperostosis conservatively treated via orthosis:
illustrative cases. ] Neurosurg Case Lessons.
2022;3(20):14-17. doi:10.3171/case21689

27. Whang PG, Goldberg G, Lawrence JP, et al. The
management of spinal injuries in patients with
ankylosing spondylitis or diffuse idiopathic skeletal
hyperostosis: a comparison of treatment methods
and clinical outcomes. J Spinal Disord Tech.
2009;22(2):77-85. d0i:10.1097/bsd.0b013e3181679bcb

28. Aoki Y, Yamagata M, Ikeda Y, et al. Failure of
conservative treatment for thoracic spine fracture in
ankylosing spondylitis: delayed neurological deficit
due to spinal epidural hematoma. Mod Rheumatol.
2013;23(5):1008-1012. d0i:10.3109/
s10165-012-0726-6

29. Nakao Y, Sakuraba K, Harimaya K, et al. Clinical
features and outcomes of spine surgery in patients
with ankylosing spondylitis. Mod Rheumatol.
2022;34(1):208-213. doi:10.1093/mr/roac142

30. Trent G, Armstrong GWD, O’Neil J.
Thoracolumbar fractures in ankylosing spondylitis:
High-risk injuries. Clin Orthop Relat Re.
1988;227:61-66. d0i:10.1097/
00003086-198802000-00009

31. Charles YP, Buy X, Gangi A, Steib JP. Fracture in
ankylosing spondylitis after minor trauma:
radiological pitfalls and treatment by percutaneous
instrumentation. A case report. Orthop Traumatol
Surg Res. 2013;99(1):115-119. doi:10.1016/
j.otsr.2012.09.018

32. Nayak NR, Pisapia JM, Abdullah KG, Schuster JM.
Minimally Invasive Surgery for Traumatic Fractures
in Ankylosing Spinal Diseases. Glob Spine J.
2015;5(4):266-273. doi:10.1055/s-0034-1397341

33. Caron T, Bransford R, Nguyen Q, Agel ], Chapman
], Bellabarba C. Spine fractures in patients with
ankylosing spinal disorders. Spine.
2010;35(11):E458-E464. doi:10.1097/
brs.0b013e3181cc764f

34. Ruf M, Rehm S, Poeckler-Schoeniger C, Merk HR,
Harms J. Iatrogenic fractures in ankylosing
spondylitis—a report of two cases. Eur Spine J.
2006;15(1):100-104. doi:10.1007/s00586-005-0973-8

35. Borekci A, Kuru Bektasoglu P, Ramazanoglu AF, et
al. Surgical Management Thoracolumbar Fractures in
Patients with Ankylosing Spondylitis: Technical Note
with Case Series. World Neurosurg. 2023;176:3-9.
doi:10.1016/j.wneu.2023.04.054

36. Shen FH, Samartzis D. Surgical management of
lower cervical spine fracture in ankylosing
spondylitis. ] Trauma. 2006;61(4):1005-1009.
doi:10.1097/01.ta.0000208125.63010.04

37. Lee JK, Park KS, Park MS, Kim SM, Chung SY, Lee
DS. Surgical treatment of lumbar hyperextension
injury in ankylosing spondylitis. Korean J Spine.
2013;10(3):195-199. doi:10.14245/kjs.2013.10.3.195

38. Fox MW, Onofrio BM, Kilgore JE. Neurological
complications of ankylosing spondylitis. ] Neurosurg.
1993;78(6):871-878. d0i:10.3171/jns.1993.78.6.0871

39. McVeigh CM, Cairns AP. Diagnosis and
management of ankylosing spondylitis. BM]J.
2006;333(7568):581-585. doi:10.1136/
bm;j.38954.689583.de

40. Lin BC, Chen IH. Anesthesia for ankylosing
spondylitis patients undergoing transpedicle
vertebrectomy. Acta Anaesthesiol Sin.
1999;37(2):73-78. http://www.ncbi.nlm.nih.gov,
pubmed/10410406

41. Vazan M, Ryang YM, Barz M, Torok E, Gempt J,
Meyer B. Ankylosing Spinal Disease—Diagnosis and
Treatment of Spine Fractures. World Neurosurg.
2019;123:e162-e170. doi:10.1016/j.wneu.2018.11.108

42. Kurucan E, Bernstein DN, Mesfin A. Surgical
management of spinal fractures in ankylosing
spondylitis. J Spine Surg. 2018;4(3):501-508.
doi:10.21037/jss.2018.06.15

Orthopedic Reviews


https://doi.org/10.1007/bf00460796
https://doi.org/10.1097/00005373-197502000-00011
https://doi.org/10.1097/00005373-197502000-00011
https://doi.org/10.1097/brs.0b013e318074d59f
https://doi.org/10.1097/brs.0b013e318074d59f
https://doi.org/10.2174/1874205x01711010092
https://doi.org/10.2174/1874205x01711010092
https://doi.org/10.3171/case21689
https://doi.org/10.1097/bsd.0b013e3181679bcb
https://doi.org/10.3109/s10165-012-0726-6
https://doi.org/10.3109/s10165-012-0726-6
https://doi.org/10.1093/mr/roac142
https://doi.org/10.1097/00003086-198802000-00009
https://doi.org/10.1097/00003086-198802000-00009
https://doi.org/10.1016/j.otsr.2012.09.018
https://doi.org/10.1016/j.otsr.2012.09.018
https://doi.org/10.1055/s-0034-1397341
https://doi.org/10.1097/brs.0b013e3181cc764f
https://doi.org/10.1097/brs.0b013e3181cc764f
https://doi.org/10.1007/s00586-005-0973-8
https://doi.org/10.1016/j.wneu.2023.04.054
https://doi.org/10.1097/01.ta.0000208125.63010.04
https://doi.org/10.14245/kjs.2013.10.3.195
https://doi.org/10.3171/jns.1993.78.6.0871
https://doi.org/10.1136/bmj.38954.689583.de
https://doi.org/10.1136/bmj.38954.689583.de
http://www.ncbi.nlm.nih.gov/pubmed/10410406
http://www.ncbi.nlm.nih.gov/pubmed/10410406
https://doi.org/10.1016/j.wneu.2018.11.108
https://doi.org/10.21037/jss.2018.06.15

Management of Thoracolumbar Vertebral Fractures and Dislocations in Patients with Ankylosing Condition...

43, Kanematsu R, Hanakita J, Takahashi T, Tomita Y,
Minami M. Thoracic hyperextension injury with
opening wedge distraction fracture in DISH
-consideration of surgical strategy based on
intraoperative pathological findings-. J Clin Neurosci.
2020;75:231-234. doi:10.1016/j.jocn.2020.03.012

44. Okada E, Shiono Y, Nishida M, et al. Spinal
fractures in diffuse idiopathic skeletal hyperostosis:
Advantages of percutaneous pedicle screw fixation. J
Orthop Surg. 2019;27(2):1-8. doi:10.1177/
2309499019843407

45. Janssen I, Ryang YM, Gempt ], et al. Risk of
cement leakage and pulmonary embolism by bone
cement-augmented pedicle screw fixation of the
thoracolumbar spine. Spine J. 2017;17(6):837-844.
doi:10.1016/j.spinee.2017.01.009

46. Li B, Guo R, Jiang X, et al. Posterior wedge
osteotomy assisted by O-arm navigation for treating
ankylosing spondylitis with thoracolumbar fractures:
an early clinical evaluation. Ann Palliat Med.
2021;10(6):6694-6705. doi:10.21037/apm-21-1286

47. Yeoh D, Moffatt T, Karmani S. Good outcomes of
percutaneous fixation of spinal fractures in
ankylosing spinal disorders. Injury.
2014;45(10):1534-1538. doi:10.1016/
j.injury.2014.03.020

48. Wanman J, Burmeister F, Thorell D, et al.
Minimally Invasive Surgery for Thoracolumbar Spinal
Fractures in Patients With Ankylosing Spondylitis.
Int J Spine Surg. 2023;17(4):526-533. doi:10.14444/
8478

49. Bredin S, Fabre-Aubrespy M, Blondel B, et al.
Percutaneous surgery for thoraco-lumbar fractures in
ankylosing spondylitis: Study of 31 patients. Orthop
Traumatol Surg Res. 2017;103(8):1235-1239.
doi:10.1016/j.0tsr.2017.07.023

50. Kai K, Tkuta K, Masuda K, Kitamura T, Senba H,
Shidahara S. Surgical Outcomes of Minimally
Invasive Stabilization for Spinal Fractures in Patients
with Ankylosing Spinal Disorders. Asian Spine J.
2018;12(3):434-441. doi:10.4184/asj.2018.12.3.434

51. Sedney CL, Daffner SD, Obafemi-Afolabi A, et al.
A Comparison of Open and Percutaneous Techniques
in the Operative Fixation of Spinal Fractures
Associated with Ankylosing Spinal Disorders. Int J
Spine Surg. 2016;10(23):23. doi:10.14444/3023

52. McAnany SJ, Overley SC, Kim JS, Baird EO,
Qureshi SA, Anderson PA. Open versus Minimally
Invasive Fixation Techniques for Thoracolumbar
Trauma: A Meta-Analysis. Glob Spine .
2016;6(2):186-194. doi:10.1055/s-0035-1554777

53. Moussallem CD, McCutcheon BA, Clarke MJ], et al.
Perioperative complications in open versus
percutaneous treatment of spinal fractures in
patients with an ankylosed spine. J Clin Neurosci.
2016;30:88-92. d0i:10.1016/j.jocn.2016.01.020

54. Ye JY, Jiang P, Guan HP, et al. Surgical treatment
of thoracolumbar fracture in ankylosing spondylitis:
A comparison of percutaneous and open techniques. J
Orthop Surg Res. 2022;17(1):1-11. doi:10.1186/
$13018-022-03378-w

55. Blondel B, Fuentes S, Pech-Gourg G, Adetchessi
T, Tropiano P, Dufour H. Percutaneous management
of thoracolumbar burst fractures: Evolution of
techniques and strategy. Orthop Traumatol Surg Res.
2011;97(5):527-532. doi:10.1016/j.0tsr.2011.03.020

56. Tian NF, Huang QS, Zhou P, et al. Pedicle screw
insertion accuracy with different assisted methods: a
systematic review and meta-analysis of comparative
studies. Eur Spine J. 2011;20(6):846-859. doi:10.1007/
s00586-010-1577-5

57. Choi WW, Green BA, Levi ADO. Computer-
assisted fluoroscopic targeting system for pedicle
screw insertion. Neurosurgery. 2000;47(4):872-878.
doi:10.1097/00006123-200010000-00017

58. Kulkarni AG, Agarwal VK, Kumar NK, Kumar A,
Patel A. Is Long-Segment Fixation a Rule in Fractures
Associated With Ankylosing Spondylitis? Int J Spine
Surg. 2019;13(2):215-220. doi:10.14444/6029

59. Liu H, Zhou Q, Zhang J, et al. Kyphoplasty for
thoracic and lumbar fractures with an intravertebral
vacuum phenomenon in ankylosing spondylitis
patients. Front Surg. 2022;9(July):1-8. d0i:10.3389/
fsurg.2022.962723

60. Kim GD, Chae SU, Kim Y], Choi DH. Osteoporotic
Lumbar Compression Fracture in Patient with
Ankylosing Spondylitis Treated with Kyphoplasty. J
Bone Metab. 2013;20(1):47. doi:10.11005/

jbm.2013.20.1.47

61. Terai H, Toyoda H, Suzuki A, Dozono S, Nakamura
H. OSTEOPOROTIC VERTEBRAL FRACTURE IN DISH
REQUIRES VERTEBROPLASTY COMBINED WITH
POSTERIOR LONG FUSION: GP248. Spine ] Meet
Abstr. Published online 2011.

62. Hartman J, Granville M, Berti A, Jacobson RE. An
Unusual Vertical T12 Fracture Extending into the
T12-L1 Disc in a Patient with Diffuse Idiopathic
Spondylotic Hyperostosis: A Case Study Using
Vertebroplasty to Stabilize the Fracture. Cureus.
Published online April 16, 2019. doi:10.7759/
cureus.4477

Orthopedic Reviews


https://doi.org/10.1016/j.jocn.2020.03.012
https://doi.org/10.1177/2309499019843407
https://doi.org/10.1177/2309499019843407
https://doi.org/10.1016/j.spinee.2017.01.009
https://doi.org/10.21037/apm-21-1286
https://doi.org/10.1016/j.injury.2014.03.020
https://doi.org/10.1016/j.injury.2014.03.020
https://doi.org/10.14444/8478
https://doi.org/10.14444/8478
https://doi.org/10.1016/j.otsr.2017.07.023
https://doi.org/10.4184/asj.2018.12.3.434
https://doi.org/10.14444/3023
https://doi.org/10.1055/s-0035-1554777
https://doi.org/10.1016/j.jocn.2016.01.020
https://doi.org/10.1186/s13018-022-03378-w
https://doi.org/10.1186/s13018-022-03378-w
https://doi.org/10.1016/j.otsr.2011.03.020
https://doi.org/10.1007/s00586-010-1577-5
https://doi.org/10.1007/s00586-010-1577-5
https://doi.org/10.1097/00006123-200010000-00017
https://doi.org/10.14444/6029
https://doi.org/10.3389/fsurg.2022.962723
https://doi.org/10.3389/fsurg.2022.962723
https://doi.org/10.11005/jbm.2013.20.1.47
https://doi.org/10.11005/jbm.2013.20.1.47
https://doi.org/10.7759/cureus.4477
https://doi.org/10.7759/cureus.4477

Management of Thoracolumbar Vertebral Fractures and Dislocations in Patients with Ankylosing Condition...

63. Wang W, Huang Y, Zhang L, Yang H. Percutaneous
kyphoplasty for the treatment of diffuse idiopathic
skeletal hyperostosis with vertebral fractures: A case
report and treatment review. Front Surg.
2022;9(July):1-5. doi:10.3389/fsurg.2022.922139

64. Tsuchikawa Y, Kamei N, Yamada K, Nakamae T,
Adachi N, Fujimoto Y. Prognostic factors of balloon
kyphoplasty for osteoporotic vertebral fractures with
diffuse idiopathic skeletal hyperostosis. ] Neurosurg
Spine. 2023;39(1):75-81. do0i:10.3171/
2023.2.spine2392

65. Suliman A, Wollstein R, Bernfeld B, Bruskin A.
Robotic-assisted device in posterior spinal fusion for
a high risk thoraculombar fracture in ankylosing
spondylitis. Asian Spine J. 2014;8(1):64-68.
doi:10.4184/asj.2014.8.1.64

66. Zhang C, Liu Y. Combined pedicle screw fixation
at the fracture vertebrae versus conventional method
for thoracolumbar fractures: A meta-analysis. Int J
Surg. 2018;53:38-47. d0i:10.1016/j.ijsu.2018.03.002

67. Shi YF, Shen ZK, Chen B, Zhou X, Dai JP.
[Treatment of ankylosing spondylitis with
thoracolumbar fractures by robot-assisted internal
fixation in lateral decubitus position]. Zhongguo Gu
Shang. 2022;35(2):113-117. d0i:10.12200/
j.issn.1003-0034.2022.02.004

Orthopedic Reviews


https://doi.org/10.3389/fsurg.2022.922139
https://doi.org/10.3171/2023.2.spine2392
https://doi.org/10.3171/2023.2.spine2392
https://doi.org/10.4184/asj.2014.8.1.64
https://doi.org/10.1016/j.ijsu.2018.03.002
https://doi.org/10.12200/j.issn.1003-0034.2022.02.004
https://doi.org/10.12200/j.issn.1003-0034.2022.02.004

	Management of Thoracolumbar Vertebral Fractures and Dislocations in Patients with Ankylosing Conditions of the Spine
	1. Introduction
	2. Conservative Management
	3. Operative Management
	3.1. Positioning
	3.2. Approach
	3.3. Techniques
	3.3.1. Open
	3.3.2. Minimally Invasive
	3.3.3. Vertebroplasty & kyphoplasty
	3.3.4. Robot-Assisted


	4. Conclusion
	Competing interests
	Funding
	Corresponding Author

	References


