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Hyperextension injuries of the ankylosed thoracolumbar spine, particularly those with preexisting kyphotic deformity, present signifi-
cant therapeutic challenges. The authors viewed that such injuries without displacement or fractures of the posterior elements are
reasonable candidates for standalone percutaneous vertebroplasty (PVP). In such cases, the posterior tension band is spared; thus,
fractures are unstable not in the lateral direction, which would lead to the translation of the fracture, but in the vertical direction.
Such vertical instability of the fracture can be stabilized if the open mouth-type vertebral cleft is adequately filled with a sufficiently
large amount of polymethylmethacrylate (PMMA) cement. Our three patients receiving standalone PVP received injections of 12 mL,
16.5mL, and 18 mL of PMMA cement. This minimally invasive surgical procedure achieved both short-term (immediate pain relief and

mobilization) and long-term (fracture healing) goals.
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Introduction

Ankylosing spinal disorders, such as ankylosing spon-
dylitis (AS) and diffuse idiopathic skeletal hyperostosis
(DISH), present significant challenges in patients with
spinal trauma [1-3]. The preexisting frailty of the patient
population, typically older ones with medical morbidities,
often outweighs the biomechanical benefit of surgical fixa-
tion using spinal instrumentation. To minimize surgical
invasiveness, percutaneous vertebroplasty (PVP) has been
reported for the treatment of ankylosed spinal fractures
as a standalone procedure [4,5]. However, indications for
standalone vertebroplasty under these conditions remain
unclear. The authors viewed that hyperextension injuries

of the ankylosed thoracolumbar spine without neurologi-
cal deficits and without displacement/fractures of the
posterior elements (some AO type B3 fractures) are good
candidates for standalone PVP [6-9].

Technical Note

The protocol of this single-institution-based retrospective
study was reviewed and approved by the institutional re-
view board of Asahikawa Kosei General Hospital (approval
code: 2022059). Informed consent for publication was
obtained by all participants in this study.

Hyperextension injuries of the ankylosed spine are
often associated with preexisting kyphotic deformities
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of the spine segment, resulting in open fish-mouth-type
fractures of the vertebra (AO type B3) [6-9]. PVP for
these conditions aims to fill in the intravertebral cleft (fish
mouth) with a sufficient amount of polymethylmethacry-
late (PMMA) cement. At this point, the reduction of the
fracture is not strictly indicated given an appeal to using
the fracture to improve preoperative kyphotic alignment.
Accordingly, techniques for reducing the fracture such
as flexing the surgical table or performing surgery on
the lateral decubitus position were not employed [10]. A
standard Jackson-type surgical table (Universal Frame;
Getinge Group, Géteborg, Sweden) was used.

Practical concerns for these conditions are as follows:
(1) possible leakage of the PMMA cement outside the
vertebra through the ruptured anterior longitudinal liga-
ment (ALL) and (2) the requirement for a large amount
of PMMA cement as the fractured vertebra may enlarge
beyond normal vertebral size.

To avoid cement leakage, vertebrography was per-
formed before cement injection as described elsewhere
[11]. During surgery, the patient was placed in the prone
position on the operation table under general anesthesia.
Two needles were inserted through bilateral pedicles. The

Table 1. Demographics and clinical outcomes of the three patients

Characteristic Case 1
Age (yr) 84

Gender F

Level of ankylosis T5-T12

Ankylosing disorder DISH

Mechanisms of injury Ground level fall
Neurological deficits None

Vertebral fracture T10

Posterior column involvement None

Concomitant injuries

Comorbidities Hypothyroidism, DM
Initial treatment Body cast/hard brace
Teriparatide Yes

Time form injury to vertebroplasty (wk) 4

Amount of PMMA cement (mL) 12
Postoperative external fixation Hard brace
Follow-up period (mo) 16

Bone union Yes

Final activity levels Gait with a cane

Rib fractures (Rt 4th—12th), hemopneumathorax

contrast medium was then injected. In all three cases, the
injected contrast medium came out from the other needle
through the intravertebral cleft, i.e., without leakage out-
side the vertebra. The lack of leakage through the ALL is
likely attributed to the formation of a hematoma envelope
in the fractured vertebra. The intervals between the frac-
ture and PVP procedure were 4 weeks in cases 1 and 2
and 1 week in case 3. The delay in the first two cases was
associated with initial attempts of conservative treatment
including body casting and that in the third case was with
surgical treatment for a coincident femoral fracture.

After washing out the contrast, PMMA cement (HVR;
Medtronic Co., Tokyo, Japan) was injected using bone fill-
er devices (Medtronic Co.). Cement injection was started
without waiting time (i.e., at the liquid phase) so that the
intravertebral cleft could be filled with a sufficiently large
amount of cement before thickening. Patients 1, 2, and 3
were injected with 12 mL, 16.5 mL, and 18 mL of cement,
respectively (Table 1).

Vertebrography confirmed that cement leakage into the
spinal canal was prevented, and the injected contrast me-
dium came out from the other needle through the intra-
vertebral cleft. This preliminary procedure indicated that

Case 2 (01K}
77 87
F F
T5-T12 T12-81
DISH DISH
Ground level fall Ground level fall
None None
T12 (refracture) L3
None None
None Rt femur trochanteric fracture
Aortic valve replacement Not significant
Body cast/hard brace Hard brace
Yes Yes
4 1
16.5 18
Hard brace Hard brace
12 9
Yes Yes
Gait with a cane Gait with a cane

F, female; DISH, diffuse idiopathic skeletal hyperostosis; Rt, right; DM, diabetes mellitus; PMMA, polymethylmethacrylate.
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Fig. 1. Images of case 1 patient. A sagittal image of the computed tomography (CT) scans (A) and a three-dimensional CT scan image (B) show kyphotic deformity
of thoracolumbar spine with multiple old vertebral fractures. The T10 vertebral body was fractured with an open fish-mouth deformity along with ossification of the
anterior longitudinal ligament from T5 to T12 vertebra. A short tau inversion recovery magnetic resonance image (C) displays high signal in the T10 vertebral body but
not in the posterior element. Sitting lateral (D) and supine lateral (E) radiographs taken 2 weeks after percutaneous vertebroplasty (PVP) shows no mobility of the T10
vertebral body. Coronal (F) and sagittal (G) images of the CT scans taken immediately after PVP, and those taken 1 year later (H, 1). There is bony consolidation adja-

cent to the cement with formation of a bridging callus at the T10 vertebral body (H, 1).

the liquid-type cement would advance no further posteri-
orly than the anterior tip of the needles.

Table 1 summarizes the demographics and clinical out-
comes of the three patients. Their preoperative and post-
operative images are presented in Figs. 1-3 (case 1, Fig. 1;
case 2, Fig. 2; case 3, Fig. 3). Computed tomography (CT)
showed ossification of the ALL and ankylosis of the spine,
whereas bilateral sacroiliac joints and facet joints remain
unfused, indicating DISH rather than AS. The ankylosed
spine showed kyphotic deformity (Figs. 1A, 2A, and 3A).
Each patient had a hyperextension injury that had not
propagated to the posterior elements.

Initial treatments with a body cast or hard brace and
teriparatide failed to control back pain. Thus, the patients
opted to proceed with PVP. Following PVDP, the patients
wore a custom-molded plastic thoracolumbosacral or-
thosis (TLSO) (Fig. 4A-C), which is typically used in the

treatment of osteoporotic vertebral fractures at Asahikawa
Kosei General Hospital, Asahikawa, Japan, for 3 months
[12-14]. Mobilization to an erect position was allowed
soon after TLSO application. They tolerated sitting up
with the orthotic brace, and lateral sitting-supine X-ray
images revealed stabilization of the fractured vertebra
(Figs. 1D, E and 2E, F). Follow-up CT demonstrated bony
consolidation adjacent to the cement and formation of
bridging callus over time (Figs. 1F-I, 2G-I, and 3D-H).
Eventually, the fracture was healed providing de facto re-
construction of the ankylosed spine.

Discussion

When discussing the indications of standalone PVP for
ankylosed thoracolumbar spinal fractures, AS and DISH
must be distinguished first. In patients with AS, ankylosis
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often involves the facet joints in addition to the sacroiliac

joints. Ankylosis involving both vertebral bodies/discs
and facet joints represents three-column ankylosis. Verte-
brae with such three-column ankylosis are susceptible to
three-column injuries in the case of fractures. By contrast,
facet joints remain unfused in DISH, typically resulting in
two-column ankylosis. Vertebrae injuries with such two-
column ankylosis would result in a two-column fracture
without involving the posterior column, particularly when
caused by minor trauma such as a ground-level fall.

In hyperextension injuries of the ankylosed spine with-
out posterior column involvement, the posterior tension
band is spared [6-9], and the resultant vertebral fractures
are unstable not in the lateral direction, which would lead
to the translation of the fracture, but in the vertical direc-
tion. Thus, the risks of translation and subsequent spinal
cord injury during positioning on the surgical table would
be low. Our patients were positioned in the standard fash-
ion without using a special technique such as the Jackson
table turn technique [15]. Vertical instability of the frac-
ture can be stabilized if the open mouth-type vertebral

Fig. 2. Images of case 2 patient. A sagittal image of the computed to-
mography (CT) scans (A), showing sclerosis and compression deformity
of T11 and T12 vertebral bodies, and a fracture line at the T12 vertebra.
This suggests old fractures of the T11 and T12 vertebrae, and a refracture
of the T12 vertebra. A three-dimensional CT scan image (B) reveals os-
sification of the anterior longitudinal ligament from the T5 to T12 vertebra.
Sitting lateral (C) and supine lateral (D) radiographs taken after 3 weeks
of conservative treatment show mobility of the T12 vertebral body with an
open fish-mouth deformity (D). Sitting lateral (E) and supine lateral (F) ra-
diographs taken 1 week after percutaneous vertebroplasty (PVP) shows no
mobility of the T12 vertebral body. Coronal images of the CT scans taken
immediately after PVP (G), 6 months later (H) and 1 year later (I). There
is bony consolidation adjacent to the cement in (H) and (I). Formation of
a bridging callus resulted in an extension of ankylosis from the T5-T12
vertebrae into the T5-L1 vertebrae.

cleft is adequately filled with PMMA cement.

The diagnosis of a posterior column fracture was made
based on the presence of a fracture line in the posterior
column on sagittal CT images and a high signal lesion in
short tau inversion recovery sagittal magnetic resonance
images as reported earlier [16]. In that report, four anky-
losed thoracolumbar spinal fractures (all three-column
fractures) were treated with surgical fixation using spinal
instrumentation. In cases of hyperextension injuries of the
ankylosed spine involving all three columns, supplemental
fixation such as percutaneous pedicle screw instrumenta-
tion is indicated in addition to PVP.

For cases 1 and 2, conservative management was ini-
tially attempted, given their comorbidities and severe
concomitant injuries. In the literature, two cases of hyper-
extension injuries of the ankylosed spine had been treated
conservatively [17,18]. One patient, who was treated with
a brace and 8 weeks of bed rest, achieved healing of the
fracture [17]. The other patient, who was treated with a
brace and teriparatide, but not extended bed rest, had de-
layed paraplegia and eventually underwent surgical fixa-
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Fig. 4. Picture of a custom molded plastic thoracolumbosacral orthosis. (A)
Front view, (B) lateral view, and (C) rear view.

tion [18]. Since PVP can be performed using local anes-
thesia [4,5,11], PVP under local anesthesia would serve as
a reasonable alternative to conservative management for
patients with prohibitively high risks of surgical treatment
under general anesthesia.

The small number of cases and short follow-up dura-
tion represent serious limitations in this report. Thus, the

Fig. 3. Images of case 3 patient. A sagittal image (A)
and three-dimensional image (B) of the computed
tomography (CT) scans shows a fracture and open
fish-mouth deformity of the L3 vertebral body along
with ossification of the anterior longitudinal ligament
from the T12 to S1 vertebra. The short tau inversion
recovery magnetic resonance image (C) displays a
high signal in the L3 vertebral body, but not in the
posterior element. Coronal images of the CT scans
taken immediately after percutaneous vertebroplasty
(PVP) (D), 2 months later (E), 5 months later (F) and
9 months later (G), as well as a sagittal reconstruc-
tion image taken 9 months after PVP (H) reveal bony
consolidation adjacent to the cement and the forma-
tion of a bridging callus overtime.

follow-up of case 3 was unavoidably terminated because
of the lethal coronavirus disease 2019 infection. Of note,
during these follow-ups, albeit short, all three patients
were mobilized without developing delayed paraplegia.
This finding, in addition to the CT images showing union
processes of the fractures, supports the stabilization ef-
ficacy and durability of standalone PVP on the fracture
sites.

In our previous study with 14 cases of vertebral pseud-
arthrosis following vertebral compression fractures [11],
PVP with an average of 3.5 mL of PMMA cement led to
not only immediate pain relief but also subsequent bony
responses including bony spur and callus formation.
These findings prompted us to apply PVP to the treatment
of hyperextension injuries of these ankylosed spines. Thus,
the current PVP is an advanced version of our previous
PVP.

In conclusion, standalone PVP with injections of a large
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amount of PMMA cement can be another surgical option
for hyperextension injuries of the ankylosed thoracolum-
bar spine in patients with preexisting frailty, advanced age,
medical comorbidities, and preexisting thoracolumbar ky-
photic deformity. With this minimally invasive procedure,
both the short-term (immediate pain relief and mobiliza-
tion) and long-term (fracture healing with reconstruction
of the ankylosed spine) goals were achieved.
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