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INTRODUCTION:  Surgical  treatment  of  osteoporotic  vertebral  fracture  (OVF)  has  been  challenging  for  spine
surgeons, because  there  are  potential  risks  of  instrumentation  failure;  such  as  screw  loosening,  loss  of
correction,  or pseudarthrosis,  due  to bone  fragility  in elderly  patients  with  several  comorbidities.
PRESENTATION  OF  CASE:  A 68-year-old  female  presented  with  a severe  low  back  pain  and  bilateral  thigh
pain.  She  had  a history  of  systemic  scleroderma,  which  was  complicated  by interstitial  lung  disease.
Although  she  initially  underwent  non-surgical  treatment  with  bracing  for  7 months,  her  symptoms
had  progressively  deteriorated,  and  her radiographs  showed  non-union  at L1  and  progressive  kyphotic
deformity  at  the thoracolumbar  spine.  Because  an  anterior  approach  was  inadvisable  due  to  intersti-
tial  lung  disease,  vertebroplasty  with  posterior  spinal  fusion  was  performed  using percutaneous  pedicle
screws  (PPS)  at the upper  most  and  lowest  instrumented  vertebra  combined  with  sublaminar  taping  and
computer-assisted  rod  contouring  system.  Good  bony  union  was  achieved  with  no  screw  loosening  at
1-year  follow-up.
DISCUSSION:  Various  surgical  procedures  have  been  applied  according  to  the  fracture  type  or  medical
condition  of  the patient.  Minimally  invasive  posterior  spinal  fusion  would  be  a  less invasive  approach  in
patients  with  poor  medical  condition.  PPS  can  prevent  the  excessive  dissection  of  paravertebral  muscles,

and  this  is especially  advantageous  at the proximal  and  distal  end  of  long  constructs.  A  recent  computer-
assisted  rod  contouring  system  accurately  matches  each  screw  head  resulting  in reduced  strength  of the
screw-bone  interface.
CONCLUSION:  This  technique  would  be beneficial  in  the elderly  or immunocompromised  patients  with
OVF.

© 2020  The  Author(s).  Published  by  Elsevier  Ltd  on behalf  of IJS  Publishing  Group  Ltd.  This  is  an  open
 artic
access

. Introduction

Osteoporotic vertebral fracture (OVF) is the most common
one fragility fracture and can occur after minor stress or trauma

n patients with osteoporosis. OVF is associated with decreased
RQOL score [1] and delayed union and reduced activities of daily

iving (ADL) associated with cognitive decline [2]. Furthermore,
atients with OVF have a higher mortality rate [3]. Nonsurgical
reatment including medication or bracing is a first-line treat-
ent for the majority of the patients with OVF [4]. However,
urgical treatment is required when the failure of nonsurgical treat-
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ment results in pseudarthrosis, neurological deficits, or progressive
kyphotic deformity.

Surgical treatment of OVF has been challenging for spine sur-
geons, because there are potential risks of instrumentation failure;
such as screw loosening, loss of correction, or pseudarthrosis, due
to bone fragility in elderly patients with several comorbidities. To
date, various surgical procedures have been reported, including
vertebroplasty or balloon kyphoplasty [5,6], anterior spinal fusion
[7], posterior spinal fusion [8], vertebroplasty with posterior spinal
fusion [9], posterior spinal shortening [10], vertebral column resec-
tion [11], and combined anterior and posterior fusion [12]. Needless
to say, surgical invasiveness should be reduced in elderly patients
with poor medical condition.

Here, we  describe a new minimally invasive technique of ver-

tebroplasty with posterior spinal fusion for OVF using PPS at the
upper most and lowest instrumented vertebra (UIV, LIV) combined
with sublaminar polyethylene taping and computer-assisted rod
contouring system.
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Fig. 1. Preoperative radiographs of a 68-year-old female patient with OVF.
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reoperative radiographs of a 68-year-old female showing kyphoscoliotic deformity
pinopelvic AP radiograph, (b) Standing whole-spinopelvic lateral radiograph, (c) 

adiograph in extension.

. Case presentation

A 68-year-old female presented with a severe low back pain
nd bilateral thigh pain due to L1 vertebral fracture. She had a
istory of left total hip arthroplasty, and systemic scleroderma
hich was complicated by interstitial lung disease. She was diag-

osed with systemic scleroderma 20 years prior, and her recent
osage of oral steroid was 3 mg  per day. Although she initially
nderwent bracing and daily administered parathyroid hormone

or 7 months, her symptoms had progressively deteriorated. Her
adiographs showed non-union at L1, kyphotic deformity of the
horacolumbar spine, and sagittal imbalance (Fig. 1a–e). Her lat-
ral whole-spine radiograph showed; lumbar lordosis (Th12-S1)
as 16◦, local kyphosis (Th10-L2) was 37◦, and sagittal vertical

xis was 12.5 cm.  Magnetic resonance imaging (MRI) of the lum-
ar spine showed a collapsed L1 vertebral body, and the posterior
one fragment compressing the spinal cord with bending motion
Fig. 2a,b). Her computed tomography (CT) myelogram showed an
ntravertebral vacuum cleft sign and destructive change of the L1
ertebral body (Fig. 2c). Her fingers and toes were cold due to
aynaud’s phenomenon of systemic scleroderma (Fig. 3a,b), and
ressure sores were observed around the prominent L1 spinous
rocess (Fig. 3c). Anterior spinal fusion with thoracotomy should
e avoided to minimize postoperative pulmonary dysfunction due
o interstitial lung disease. Given her condition, a vertebroplasty
ith posterior spinal fusion was performed using PPS at UIV and

IV combined with sublaminar polyethylene taping and in-situ
usion using a computer-assisted rod contouring system (Bendini®;
uVasive, Inc., San Diego, CA) (Fig. 4a–i). The operation time was
03 min  with an estimated blood loss of 276 ml.  The patients
olerated the procedure well with no major complications. Her
ymptoms markedly improved; her back pain was reduced to 1/10
n NRS and she denied any thigh pain. She could walk long dis-
ances without a T-cane 1-year postoperatively. Local kyphosis

nd sagittal imbalance were markedly restored; lumbar lordosis
as 33◦, local kyphosis was 14◦, and sagittal vertical axis was

.8 cm on her postoperative radiograph (Fig. 5a–d). Her post-
perative CT showed good bony union without screw loosening
e thoracolumbar spine associated with non-union of OVF at L1. (a) Standing whole-
ar AP radiograph, (d) Lumbar lateral radiograph in flexion, and (e) Lumbar lateral

or screw pull-out 1-year postoperatively (Fig. 5e). Although the
scoliotic curve remained, she did not complain of related symp-
toms.

This case report follows the Surgical Case Report (SCARE) Guide-
lines 2018 [13].

2.1. Surgical technique

The patient was  placed in a prone position, and a midline inci-
sion was made to allow a vertebroplasty at L1, insertions of pedicle
screws at Th12, L1, and L2, placement of sublaminar polyethylene
taping (Nesplon; Alfresa, Inc., Osaka, Japan) at Th12 and L2, and
resection of prominent L1 spinous process for bone graft. A verte-
broplasty was performed using hydroxyapatite (HA stick; Pentax,
Co., Ltd., Tokyo, Japan). Laminectomy was not required, because
the posterior bone fragment did not compress the spinal cord with
stabilization, and laminae were important for the posterior fusion
bed. Jamshidi needles were placed through the lumbodorsal fascia
at Th11 (UIV) and L3 (LIV) under fluoroscopic guidance. One-shot
imaging was used rather than continuous fluoroscopy to reduce
radiation exposure [14]. A percutaneous guide wire (S-wire) was
used to prevent the anterior migration of the guide wires [15]. The
PPSs were placed at Th11 and L3 after tapping the pedicle holes
through the guide wires (Fig. 4a). After the placement of pedi-
cle screws, each location for the screw heads were registered by
the Bendini® Digitizer (Fig. 4b). The Bendini® software enabled us
to estimate the rod lengths and to identify the ideal rod contours
(Fig. 4c–f). A rod was  placed into the multi-axial rod bender (Fig. 4g)
and was  bent according to the instructions of the Bendini® soft-
ware. The computer-assisted pre-bent rod was easily placed at both
the PPS and pedicle screws, and the set screws were also smoothly
tightened without screw pull-out. Sublaminar polyethylene tapes
were tightened to the rods (Fig. 4h). After ample irrigation, local

bone graft and �-tricalcium phosphate (Cerarebone; NGK Spark
Plug Co., Ltd., Aichi, Japan) were placed on the decorticated lam-
ina and facet joints. Her surgical wound healed well without any
wound dehiscence (Fig. 4i).
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Fig. 2. MRI  and CT myelogram of the thoracolumbar spine.
Views: (a) MRI  of T2-weighted sagittal image, (b) MRI  of T2-weighted axial image at L1, and (c) Sagittal image reconstruction of CT myelogram.

Fig. 3. Clinical appearance of the patient with OVF who  had a history of systemic scleroderma.
The  patient had a history of systemic scleroderma, which was complicated by interstitial lung disease. (a,b) Her fingers and toes were cold due to Raynaud’s phenomenon of
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.2. Research registration

We  register our surgical technique at http://www.
esearchregistry.com. The Unique Identifying Number from
he Research Registry of this study is researchregistry5677.

. Discussion

In the coming decades, clinicians will be required to manage an
ncreasing number of patients with osteoporosis due to an aging
opulation. Since the surgical treatment of OVF has been challeng-

ng in elderly patients with bone fragility or multiple comorbidities,

urgical invasiveness should be reduced to prevent instrumenta-
ion failure and complications. To date, various surgical procedures
ave been applied according to the fracture type or medical con-
ition of the patient: vertebroplasty or balloon kyphoplasty [5,6],
s process.

anterior spinal fusion [7], posterior spinal fusion [8], vertebroplasty
with posterior spinal fusion [9], posterior spinal shortening [10],
vertebral column resection [11], and combined anterior and poste-
rior fusion [12]. Although an anterior spinal fusion is advantageous
to patients with OVF in providing a stable anterior column support,
an anterior approach with thoracotomy for OVF  at the thoracolum-
bar spine may  be an invasive procedure. Therefore, the procedure
is sometimes inadvisable in the elderly or immunocompromised
patients with pulmonary dysfunction. Kashii et al. [16] reported
that an equivalent improvement of neurological deficits and ADL
function were achieved in anterior spinal fusion, posterior spinal
shortening, and vertebroplasty with posterior spinal fusion. They

reported that vertebroplasty with posterior spinal fusion showed
the least surgical invasion.

Minimally invasive spinal fusion using PPS can be a less invasive
posterior approach in patients with poor medical condition [17].

http://www.researchregistry.com
http://www.researchregistry.com
http://www.researchregistry.com
http://www.researchregistry.com
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Fig. 4. Intraoperative images.
Minimally invasive technique of vertebroplasty with posterior spinal fusion combined with PPS, sublaminar polyethylene taping, and computer-assisted rod contouring was
performed for OVF at L1. (a) Jamshidi needles were placed through lumbodorsal fascia, and the PPSs were placed at Th11 and L3 through guide wires under fluoroscopic
guidance. (b) Each location for the screw heads were registered by the Bendini® Digitizer. (c–f) The Bendini® software enabled the estimation of rod lengths and visualization
of  the ideal rod contours; (c) Coronal rod contour on the left, (d) Sagittal rod contour on the left, (e) Coronal rod contour on the right, (f) Sagittal rod contour on the right. (g)
A  rod was  placed into the multi-axial rod bender and was bent according to the instructions of the Bendini® software. (h) Sublaminar polyethylene tapes were tightened to
the  rods. (i) Postoperative surgical wound.
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ig. 5. Postoperative radiographs and CT images at 1-year postoperatively.
ne-year postoperative radiographs: (a) Standing whole spinopelvic AP radiograph,

ateral  radiograph. (e) Sagittal image reconstruction of CT images at 1-year postope
PS can prevent the excessive dissection of paravertebral muscles,
nd this is especially advantageous at UIV and LIV to reduce the risk
f proximal and distal junctional failure. However, pedicle screw
xation alone may  result in screw loosening due to bone fragility;
anding whole-spinopelvic lateral radiograph, (c) Lumbar AP radiograph, (d) Lumbar
ly.
therefore, augmentation for screws such as hooks or sublaminar
taping should be considered to reduce screw loosening or pull-out
in patients with bone fragility [18]. Moreover, one of the drawbacks
of PPS is the difficulty in estimating rod lengths and adequate rod
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ontouring in multi-level spinal fusion. Manual rod bending can
ead to inadequate rod bending, which can result in screw loosening
r pull-out [19]. Recent techniques in computer-assisted rod bend-

ng [20] can provide an alternative rod contouring technique for
ulti-level PPSs with long rod constructs, because it enables us to

stimate accurate rod lengths and contours. The computer-assisted
re-bent rod accurately matches each screw head; therefore, its
recise placement would result in reduced strength of the screw-
one interface.

. Conclusion

In conclusions, we describe a new minimally invasive tech-
ique of vertebroplasty with posterior spinal fusion combined with
PS, sublaminar polyethylene taping, and computer-assisted rod
ontouring system for OVF in an elderly patient with systemic
cleroderma. Good bony union was achieved with no screw loosen-
ng and screw pull-out through the final follow-up. This technique

ould be especially beneficial for elderly or immunocompromised
atients with OVF. Further investigation will be required to deter-
ine whether this technique is effective with a low complication

ate for broader clinical use.
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