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Abstract

Introduction To evaluate the effectiveness of percutaneous
image-guided vertebral body stenting (VBS) at restoring
vertebral height in acute, stable, traumatic thoracolumbar
fractures in a young, non-osteoporotic population.
Materials and Methods A single-centre retrospective
review of all traumatic non-osteoporotic fractures treated
with VBS between 2010 and 2017 was performed. Inclu-
sion criteria included patients with recent (< 10 days),
symptomatic and stable thoracolumbar compression frac-
tures. Patients with low-energy fractures, osteoporosis and
age > 60/50 years (male/female) were excluded. Primary
outcomes included: correction of vertebral height, correc-
tion of kyphosis angle and Beck Index on reconstructed
pre- and post-procedural CBCT images. Secondary out-
comes included intra-procedural stent recoil,
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complications, cement leakage and factors predicting
height restoration.

Results Thirty-nine patients (26 men, 13 women; mean age
33.6 years, range 15-57 years) underwent VBS 5 days
post-trauma on average (range 1-10), for stable compres-
sion fractures located between T5 and L5. Mean vertebral
height gain, vertebral kyphosis angle correction and Beck
index improvement were 3.8 mm (95% CI 3.36-4.50;
P(> 3 mm) =99.9%), 43° (5% CI 3.50-5.20;
P(> 3°) =99.9%) and 0.07 [95% CI 0.053-0.11], respec-
tively (all statistically significant). Technical success was
92%, with 3 “major” stent recoils resulting in loss of
vertebral height correction. No symptomatic complications
were observed. No predictive factors for procedural suc-
cess were identified.
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Conclusion VBS can significantly restore vertebral height
in young patients with traumatic vertebral compression
fractures.

Keywords Compression fractures - Stentoplasty -
Vertebroplasty - Vertebral body stenting

Introduction

Percutaneous augmentation techniques are recognized
treatments for osteoporotic and malignant compression
fractures [1, 2]. They can also be applied for the manage-
ment of traumatic compression fractures, either as a stand-
alone procedure or in combination with a posterior surgical
stabilization depending on the type of fracture and the
importance of the spinal deformation [3-9]. The major
interest of these minimally invasive procedures is to rep-
resent a valuable alternative to conservative treatment, as it
allows quick remobilization without the need for a pro-
longed bracing, for which the efficacy has moreover been
questioned in the literature [3, 10, 11]. It can also be
applied for fractures which failed conservative treatment,
even in the paediatric population [12]. Most of the publi-
cations report the use of balloon kyphoplasty to treat
traumatic compression fractures, in an attempt to restore as
much as possible, the vertebral body height in case of a
deformation [6-9, 13, 14]. Although several studies claim
that kyphoplasty is superior to vertebroplasty in correcting
vertebral deformity, there might still be some loss of height
after balloon deflation due to vertebral elastic recoil, lim-
iting procedural efficacy [15, 16].

Several third-generation percutaneous vertebral aug-
mentation systems (PVAS) have been developed, which
aim to maintain vertebral fracture reduction using pros-
thetic devices [2, 17-19]. The vertebral body stenting
(VBS) procedure, in particular, is similar to kyphoplasty:
two expandable metallic stents mounted on balloons are
inflated beneath the fracture and designed to resist vertebral
recoil following balloon deflation [20, 21]. According to
the manufacturer’s recommendations, VBS is indicated for
the management of osteoporotic, malignant and traumatic
compression fractures [2, 18, 22]. The technique has shown
promising results but has so far been studied almost
exclusively in osteoporotic patients [23]. In the trauma
population, it can be applied to treat stable thoracic/lumbar
vertebral compression fractures according to the AO clas-
sification (Types Al.1, A1.2, A1.3 and A3.1), either as a
stand-alone procedure or in combination with posterior
stabilization for unstable A3.1 fractures [22, 24]. For
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fractures that do not require surgery but are associated with
a significant sagittal deformation, VBS has the theoretical
advantage of providing both fracture consolidation and
height restoration [2, 18, 22, 25].The purpose of this study
was to report our experience of height restoration with
VBS in acute traumatic fractures of young non-osteo-
porotic patients.

Materials and Methods

This was a single-centre retrospective study. All patients
gave informed consent for the procedure. Approval of the
institutional review board was waived due to the retro-
spective nature of the study.

Institution Algorithm for the Management of Spinal
Compression Fractures

Management of compression fractures in our institution is
as follows: if the spinal surgeon does not indicate surgery
because of spinal canal involvement, two options are
offered to the patient: conservative orthopaedic treatment
with bracing for 3 months or percutaneous augmentation
techniques (vertebroplasty or VBS) as an alternative to
immobilization. Inclusion criteria to propose VBS are:
stable thoracic/lumbar recent (within 10 days) vertebral
compression fractures (Types Al.1, A1.2, A1.3 and A3.1)
according to the AO classification [24]), with loss of ver-
tebral height defined by a local kyphotic angle > 15°
confirmed on pre-operative CT and MRIL

Study Population

All VBS procedures performed in the department of
interventional radiology between April 2010 (date of
availability of the VBS device in our department) and
December 2017 were retrospectively reviewed. Patients
with multi-level fractures were included, where VBS was
performed at a single level, and the remaining levels were
managed either conservatively or with vertebroplasty
alone. In order to minimize bias and study the efficacy
solely in traumatic fracture cases, all patients with known
osteoporosis, low-energy mechanism (fall from standing,
or no fall reported) and age > 50 years (women) or
60 years (men) were excluded.

Vertebral Body Stenting Procedure

All procedures were performed under general anaesthesia
(GA) and sterile surgical conditions by two interventional
radiologists (each with at least 5 years of consultant
experience), using flat-panel digital fluoroscopy with
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rotational acquisition and Cone-Beam Computed Tomog-
raphy (CBCT; Allura Xper RD20 CT, Philips, the
Netherlands).

Patients were positioned prone in a lumbar lordosing
support, and pre-procedural CBCT was performed to plan
guide-wire trajectory.

Under fluoroscopic-guidance, two kirschner wires (K-
wires) (Vertebral Body Stent access kit, DepuySynthes,
Raynham, USA) were advanced through small skin inci-
sions and positioned at the posterior margin of the vertebral
body, using a bilateral transpedicular (lumbar) or inter-
costo-pedicular (thoracic) approach. Access cannulae were
advanced over the K-wires and positioned 2 mm anterior to
the posterior vertebral wall. Following K-wires removal, a
drill and blunt plunger (Vertebral Body Stent access kit,
DepuySynthes, Raynham, USA) were used to create an
access channel and measure the stent length (based on the
landmarks at the tip of the plunger) according to the
manufacturer’s protocol. Two VBS systems (Vertebral
Body Stenting, DepuySynthes, Raynham, USA) were
simultaneously advanced and positioned beneath the col-
lapsed vertebral endplate. These consist of pre-crimped
cobalt—chromium expandable metallic stents mounted on
balloon catheters. Balloons were simultaneously inflated
using a contrast-saline solution to a pressure of up to 30
atmospheres, until complete balloon expansion was
achieved. Balloons were then deflated and removed, leav-
ing the stents behind to support the restored vertebral
height. Polymethylmethacrylate (PMMA) cement (Os-
teopal, Heraeus Medical, Wehrheim, Germany) was
injected bilaterally into the stent cavities under continuous
screening to reinforce the implant, using side-opening
needles inserted via the access sleeve (Fig. 1). Injection
was ceased when a cement cloud bridged the superior/in-
ferior endplates, or if growing leakage was observed
despite the cessation of injection for at least 1 min. Finally,
all instruments were removed, and the wound sutured.
Post-procedural CBCT was performed in exactly the same
prone position, and patients were subsequently transferred
to a recovery ward (Fig. 2).

Post-operative Management and Follow-Up

All patients were kept overnight for surveillance and were
authorized to stand up 6 h after the procedure. There was
no bracing following the intervention. Patients were eval-
uated at a one-month follow-up clinical visit and were
authorized to resume their professional activities if the
clinical findings were uneventful. Lateral and anteropos-
terior conventional radiographs were obtained in the
upright position one year after the intervention (Fig. 2).
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«Fig. 1 The different steps of a typical VBS procedure. a Lateral
projection demonstrates the two introducers just in front of the
posterior wall. B Two stents mounted on balloons are inserted below
the fractured endplate. C Inflation of the balloons allows to deploy the
stents and to restore the vertebral body height. D following removal of
the balloons, PMMA bone cement is injected within the stents

Data Collection and Analysis
Radiological Evaluation

One senior, fellowship trained, interventional radiologist
(5 years consultant experience, involved in 50% of the
procedures) and one radiology fellow (not involved in any
of the procedures) reviewed the cases and performed
measurements, blinded to each others’ analyses.

Vertebral height (utilizing five measurements: anterior,
central and posterior mid-sagittal height; and left/right
lateral mid-coronal height), local kyphotic angle (measured
between superior and inferior endplates of the fractured
vertebral body) and Beck Index (ratio of anterior to pos-
terior vertebral body height on mid-sagittal images [26])
were measured pre- and post-operatively using multiplanar
reconstructed CBCT images (acquired in the same position
under GA in each case). Vertebral height restoration
(maximum height gain of the most depressed portion of the
fracture) was calculated (Fig. 3).

CBCT and fluoroscopic images were reviewed to assess
intra-procedural loss of height restoration after balloon
deflation and quoted as “absent”, “minor” (< 2 mm) or
“major” (> 2 mm). Implants malpositioned and/or cement
leakages were also recorded and classified based on the
CIRSE classification for complications [27]. Technical
success was defined as a complete insertion and expansion
of the stents, with the posterior margin beyond the posterior
wall, without a major loss of height following balloon
deflation.

The local kyphotic angle was measured on the one-year
follow-up radiographs. Radiographs were also reviewed to
look for any new adjacent vertebral fracture.

Statistical Analysis

All the analyses were performed using R software: R Core
Team (2015). R: A language and environment for statistical
computing. R Foundation for Statistical Computing,
Vienna, Austria. URL https://www.R-project.org/.
Descriptive statistics were used to present standard mea-
surements for quantitative and qualitative variables.
Bayesian inference analysis and Markov Chain Monte
Carlo methods were preferred to conventional frequency
analysis for significance testing, since these permit calcu-
lation of significance level (“p value” equivalent), as well
as quantifying a probability of significance. Intercepts with
a probability of being positive of more than 97.5% or less
than 2.5%, which did not contain zero in the credibility
interval, were considered statistically significant. Mixed
model linear regression was used to analyse vertebral
kyphosis angle correction, including a fixed effect
(“Time”: pre-operative and post-operative) and two ran-
dom effects (“Subjects” and “Reviewers” (senior and
junior)) to account for repeated data measurements pre-
and post-operatively. Vertebral height correction pre- and
post-operatively was estimated using the same method,
including the random effect “Subjects” in order to consider
the repetition of data for the same subject. Multivariate
modelling was used to evaluate the effects of age, sex,
intervention delay, fracture type and fracture level on
procedural success.

Results

Thirty-nine patients (26 Men, 13 women; mean age
33 years, range 15-57 years) fulfilled the inclusion criteria
and were thus included in this study. The mean interval
between injury and treatment was 5 days (range 1-10).

Fig. 2 Immediate post-operative CBCT images in mid-coronal (A), mid-sagittal (B) and mid-axial (C) planes demonstrating satisfactory stent
positions and cement distribution. D Plain radiographs at one-year follow-up demonstrate no loss of height restoration or adjacent fractures
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Fig. 3 Pre-operative mid-sagittal (A) and mid-coronal (B) CBCT
reconstructed images demonstrating vertebral height and vertebral
kyphotic angle measurements. Same findings on post-operative mid-
sagittal (C) and mid-coronal (D) CBCT. (1) anterior mid-sagittal
height, (2) central mid-sagittal height, (3) posterior mid-sagittal

Spinal fractures were classified as A.1.1 (n =3), A.1.2
(n=31),A.1.3 (n=1)and A.3.1 (n = 4), according to the
AO classification. TS5 to L5 fractures were treated, but the
majority were located at the thoracolumbar junction (70%
between T12 and L2; Table 1). In 12 patients, vertebro-
plasty at a distant level was performed during the same
procedure to manage acute compression fractures with no/
minimal deformation (i.e. local kyphotic angle < 15°). All
cases but four had similar stent sizes on both sides
(large = 25 cases; medium = 7 cases; small = 3 cases).
There were three cases of different-sized stents and one
case of a unilateral stent, all for asymmetric fractures.
Mean vertebral height gain of the most depressed
component of the fracture was 3.8 mm (95% CI 3.36-4.50;
P(> 3 mm) = 99.9%, statistically significant); mean ver-
tebral kyphosis correction was 4.3° (95% CI 3.50-5.20;

height, (4) right lateral mid-coronal, (5) left lateral mid-coronal;
dotted lines: local kyphotic angle. In this patient, the most depressed
height was on point 1, with a restoration of 6 mm. Local kyphotic
angle changed from 16° (pre-operative) to 8° (post-operative)

P(> 3°) = 99.9%, statistically significant); and mean Beck
Index correction was 0.07 [95% CI 0.053-0.11] (Table 2).
Stent recoil following balloon removal was observed in
47% of cases (8% “major”; 39% “minor”), with “major”
recoil characterized by a loss of vertebral height gain of
> 2 mm (Fig. 4). Technical success was therefore 92%,
with no equipment failures. Seven (18%) asymptomatic
cement leaks were noted on post-procedural CBCT (all
grade 1 according to CIRSE classification). There were no
other complications. No predictive factors (e.g. age, type of
fracture, trauma to procedure time interval) for procedural
success were identified, other than a minor contribution for
male sex (OR =19.2 95% CI 1.03-730;
P(OR > 1) = 0.98).

@ Springer



1584

J. Garnon et al.: Efficacy of the Vertebral Body Stenting System...

Table 1 Flow chart of study population

Ao Classification
Al.1-3
— A1.2-31
Al3-1
A3.1-4

Operated level
T5-1
T6-0
39 included T7-1

13F/26M T8-4
T9-0
T10-2
CT11-1
T12-4
L1-17
L2-7
L3-1
L4-0
L5-1

Data are expressed in mean

Table 2 Statistical analysis vertebral height parameters

There were no new vertebral fractures or significant
modification of the local kyphotic angle on follow-up plain
radiographs after 1 year.

Discussion

Percutaneous vertebral augmentation techniques have
emerged as an alternative to conservative management in
patients with acute traumatic vertebral compression frac-
tures, without neurological deficit, offering early mobi-
lization and long-term bone consolidation to non-surgical
candidates [28, 29]. The first cadaveric experience of a
home-made vertebral stenting system was published in
2002 [30], and the first clinical experience with a VBS
device was reported in 2011 [31, 32]. Since then, several
clinical studies have shown the efficacy of VBS to restore
height in vertebral compression fractures, with an average
restoration of vertebral kyphosis by 3.2° [33-37]. These
publications mainly comprised osteoporotic patients, with
an average age over 65 years [33-37]. In contrast, the
average age was 33.6 years in our study, significantly
younger than the traumatic group in the study of Diel et al.
[35].

Pre-procedure Post-procedure (1 month) Difference 95% Confidence interval
Vertebral height (mm) 18.3 22.1 3.8 3.36-4.50
Local vertebral kyphosis (°) 10 6.7 4.3 3.50-5.20
Beck Index 0.79 0.86 0.07 0.053-0.11

Data are expressed in mean

Fig. 4 Lateral fluoroscopic projection demonstrating major stent recoil. There is a loss of stent height greater than 2 mm between the images at

full balloon inflation (A) and after balloon deflation (B)
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Our results suggest that VBS is a clinically effective and
safe procedure in this patient population. Technical success
in our study was 92%, with 3 “major” stent recoils fol-
lowing balloon deflation, resulting in a loss of vertebral
height gain. There was no equipment failure. Other studies
have reported cannula failure, balloon/stent misplacement
and stent mal-deployment in 9—18% of cases, attributed to
sclerotic bone and more chronic osteoporotic fractures
[34, 36]. Asymptomatic cement leaks were seen on CBCT
in 18% of cases, comparable to most other VBS and BK
studies [31, 35, 38, 39]. We did not encounter any clini-
cally significant side effects, infection or neural compro-
mise as reported elsewhere [34, 35]. High-quality image
guidance is essential for procedural success. All procedures
were performed under CBCT guidance, in contrast to flu-
oroscopic-guidance alone in surgical series’ [30, 32]. CT-
guidance permits precise planning of the cannula trajectory
and delineation of skin entry-point (particularly for higher
thoracic levels); accurate placement of working sleeves and
delivery devices in all imaging planes; and confirmation of
precise stent position prior to balloon inflation. Continuous
fluoroscopic acquisition is mandatory during cement
injection, to monitor the cement “cloud” and avoid sig-
nificant/symptomatic leakage. This also likely contributed
by avoiding stent/balloon misplacement, which can lead to
disastrous complications if the vertebral cortex is perfo-
rated. It also enabled accurate treatment of challenging
upper/mid-thoracic fractures (up to TS5, which to our
knowledge have not been described in other studies).

Immediate restoration of vertebral body height, correc-
tion of vertebral kyphotic angle and Beck Index were sta-
tistically significant. Our one-year radiographic follow-up
did not demonstrate any new fractures or secondary loss of
height, which is likely due to the absence of osteoporosis in
our study population, keeping in mind that the results
should be interpreted with caution due to differing imaging
modalities and patient positioning at the late follow-up.
Directly comparing vertebral restoration outcomes to other
studies is problematic, because restoration potential
depends on fracture classification/severity/delay, which are
functions of variable patient populations. Moreover, the
majority of VBS surgical series also utilized plain radio-
graphs to assess vertebral restoration, where estimation of
VBS effect may be significantly confounded by variable
ligamentotaxis due to differences in pre- and post-operative
radiographic positioning [40]. In this respect, CBCT pro-
vides a more accurate measurement attributable to VBS
alone, since patients under GA are imaged in precisely the
same position pre- and post-operatively, with fixed liga-
mentotaxis effects.

We believe that our encouraging results are partly due to
careful patient selection. All patients were treated urgently
(within 10 days of trauma, 48 h of referral, and as soon as

practically feasible). Patients with fractures older than
10 days were offered PV rather than VBS according to our
institutional protocol, since in our (unpublished) experi-
ence, successful percutaneous fracture reduction after this
time-point is significantly hindered by dense, reparative
bone, coinciding with the onset of the reparative phase of
bone healing (1-2 weeks post-injury [41]). Type/level of
fracture and age/sex of patient did not influence outcomes
on multivariate analysis, but this should be interpreted with
caution given the heterogeneous, skewed sample (majority
of thoracolumbar type Al.2 fractures).

Potential limitations of VBS include elastic vertebral
recoil following balloon deflation, resulting in loss of
height restoration prior to cement injection. Although VBS
significantly reduces recoil compared with BK ex vivo, a
single in vivo study did not demonstrate superiority over
BK, possibly due to technical difficulties [42—44]. There
are currently no studies comparing VBS with alternative
PVAS for traumatic fractures in young patients, despite the
availability of several alternative devices (including Ver-
telift, Osseofix, Spine Jack, and Kiva implants) which have
demonstrated promising initial results in osteoporotic
patients [2]. The use of PMMA bone cement (which is
mandatory with VBS) in a young population can also be a
source a controversy, as the safety and/or adverse effects of
PMMA on a long-term basis are not yet fully understood
[45, 46]. In this series, the benefits of the intervention were
considered to significantly outweigh any delayed adverse
risk of PMMA utilization and such decisions were clearly
explained to the patients or guardians when collecting
informed consent. Finally, although restoration of anatomy
and sagittal balance to prevent kyphotic deformity and
maintain biomechanics is an accepted indication, there is
currently no data evaluating long-term effects of PVAS in
traumatic non-osteoporotic fractures in young patients, and
its precise role in management remains unclear. Unfortu-
nately, one limitation is the inability to prove that the use of
VBS is cost-effective in this subpopulation, even though
early mobilization should theoretically help to resume
working activities sooner than with conservative treatment
[47].

Study limitations include a small sample size and
selective inclusion criteria, limiting applicability to a wider
patient cohort. The retrospective design limits availability
of clinical data, follow-up and confounding factors (e.g.
analgesic therapy). There was no comparison group, and
follow-up was at a relatively short interval. The compar-
ison between the immediate CBCT and the one-year con-
ventional radiographs is also limited as it involved different
imaging modalities and different patient positions. Finally,
bone mineral density was not measured prior to the inter-
vention in every case, but our selection criteria make
underlying osteoporosis/osteopenia unlikely.
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In conclusion, percutaneous image-guided VBS is a

safe, effective treatment for traumatic vertebral compres-
sion fractures in young non-osteoporotic patients, facili-
tating vertebral height restoration. Further, larger studies
with longer follow-up periods are required to confirm
efficacy, and evaluate the role of VBS versus alternative
PVAS in the management of this specific patient cohort.
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