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Background: The optimal treatment of osteoporotic vertebral fractures is still a controversial and under 
discussion topic. Armed kyphoplasty with expansive intravertebral implants is an emerging procedure, which, 
in theory, it not only makes it possible to achieve instant analgesia, and to get stabilization gains of benefits 
of kyphoplasty and vertebroplasty, but also, allows for a more effective maintenance of the restored vertebral 
height.
Methods: A retrospective observational study is presented, in which 30 patients participated, including 
a total of 33 osteoporotic thoracolumbar compression burst vertebral fractures with involvement of 
one or both vertebral platforms and of more than one fifth of the posterior wall. These individuals 
underwent armed kyphoplasty with VBS® stents (or stentoplasty) filled with bone cement over 10 years  
(between 2012 and 2022) at the same center. Clinical (visual analogue scale, Oswestry Disability Index and 
Patient Global Impression of Change) and imaging results (restoration and maintenance of vertebral body 
heights) achieved were investigated. The mean follow-up time was 4.5 years (range, 1–10 years).
Results: There was a statistically significant improvement in all clinical and functional parameters 
evaluated, as well as a statistically significant difference in the various vertebral body heights between 
preoperative and end of follow-up time [increase of 10.7-15.2-5.0 mm (anterior-median-posterior) in 
the sagittal plane and 6.7-11.6-9.7 mm (right-median-left) in the coronal plane]. There was a statistically 
significant direct correlation between vertebral heights in the coronal plane, and between the Beck index 
assessed at the end of the follow-up period and the improvement in functional disability.
Conclusions: The percutaneous transpedicular posterior approach, the ability to anatomically restore 
the fractured vertebra and to maintain it in the medium-long term, as well as the reduced risk of adverse 
effects, make stent-armed kyphoplasty a very attractive treatment option for osteoporotic compressive 
thoracolumbar fractures. A clinical-morphological correlation was demonstrated regarding the surgical 
treatment of these fractures, it was found that a more effective morphological restoration of vertebral heights 
in both the sagittal and coronal planes is associated with superior satisfactory clinical functional parameters.

Keywords: Armed kyphoplasty; stents; thoracolumbar osteoporotic burst fractures; osteoporosis; spine

Submitted Jul 04, 2022. Accepted for publication Nov 07, 2022.

doi: 10.21037/jss-22-59

View this article at: https://dx.doi.org/10.21037/jss-22-59

	
^ ORCID: 0000-0003-4037-2442.

476

https://crossmark.crossref.org/dialog/?doi=10.21037/jss-22-59


Journal of Spine Surgery, Vol 8, No 4 December 2022 463

© Journal of Spine Surgery. All rights reserved. J Spine Surg 2022;8(4):462-476 | https://dx.doi.org/10.21037/jss-22-59

Introduction

Osteoporosis is a common disease of the elderly population 
and a major problem for the present and future of 
human health at a global level. This pathology leads to 
disorganization of bone microarchitecture, loss of density 
and deterioration of bone tissue, resulting in compromised 
strength and consequent increased risk of fractures (1-4).  
Vertebral compressive fractures are the end of the line 
for osteoporotic disease, as they occur at a late stage in 
the course of the disease. Although vertebral fractures are 
often underdiagnosed, they are also, paradoxically, the most 
frequent osteoporotic fractures (4-8). In the presence of 
porotic bone, vertebral fractures can occur spontaneously 
or in the course of traumatic events and allow us to 
foresee an increased risk of new fragility fractures in 
different locations (1,5,6). In fact, osteoporosis is clinically 
unapparent until the diagnosis of bone fragility fractures 
is reached and although a third of vertebral fractures have 
no clinical translation, thoracolumbar fractures can be 
the cause of significant pain and functional limitations, 
often associated with prolonged immobility periods with 
consequent worsening of other diseases and risk of vertebral 
collapse and neurological injury (1,4,5,9). In light of current 
knowledge, the ideal treatment for osteoporotic vertebral 
fractures is still a controversial topic under discussion 
(10,11). Conservative treatment may be effective in some 
fractures. OF1, 2 and 3 fractures are its main indications 
[according to the classification of the German Orthopedic 
Society (8)], in cases of mild pain and in which the ability to 
verticalize the trunk is preserved, allowing the patient to sit 
and even walk. This approach includes multimodal analgesia 
and the use of thoracic lumbar sacral orthosis whenever 
trunk verticalization occurs, for a period of 2 to 3 months 
until bone healing is achieved. In situations of severe 
and persistent pain and inability to verticalize the trunk, 
surgical treatment is indicated (11-16). Minimally invasive 
techniques for vertebral body augmentation have become 
increasingly popular in the treatment of osteoporotic 
vertebral fractures thanks to their capacity to stabilize the 
anterior Denis column through posterior percutaneous 
approach, making it possible to achieve positive results 
regarding the convalescence pace, symptom relief, the 
restoration of the spine’s biomechanics and anatomy and the 
quality and function of life indices (17-20). 

Kyphoplasty rose from vertebroplasty, associating its 
stabilizing and analgesic effects because of the application 
of intravertebral cement, with the fractured vertebral 
body’s height restoration, through the previous creation 

of intrasomatic cavities resorting to expansive balloons. 
Next, these bilateral balloon’s spaces are filled with bone 
cement and this way, the fractured vertebral body is 
reduced and stabilized. Furthermore, these previously 
created lower pressure intrasomatic cavities covered by 
the vertebral body’s walls and by body impacted bone 
trabeculae, minimize cement leakage risk, making it 
possible to diminish the possibility of complications due to 
this extravasation such as radicular pain, paraplegia or even 
death (14,17,21-23). Nevertheless, kyphoplasty is criticized 
based on the incapacity to keep the restored vertebral body 
height after removing the balloons and before cement 
application, which leads to vertebra flattening due to 
elastic recoil by annulotaxis and ligamentotaxis. Moreover, 
even if the patient is placed on the table with the spine in 
hyperextension, compression forces of about 110 Newtons 
keep impacting the fractured vertebra, therefore influencing 
its flattening (17,18-22,24-30). 

Intravertebral expansive implants present a controlled 
self-expansion capacity, being applied percutaneously 
through a posterior transpedicular access. These devices 
are placed into the fractured vertebral body, often with 
a compression fracture, with their expansion allowing 
for the reduction of the fracture of the vertebral body, 
thus restoring its integrity, height and stability. Armed 
kyphoplasty refers to the application of intravertebral 
expansive implants, also permitting prompt analgesia and 
stabilization advantages of kyphoplasty and vertebroplasty. 
Moreover, it allows for the preservation of the restored 
vertebral height over the medium to long term, which has 
been demonstrated in several studies (11,12,13,17-19,25-27, 
31-33). Expanded devices mechanically support vertebral 
platforms, functioning as an interior sustentaculum or 
a supporting endoskeleton, preventing flattening of the 
vertebrae, reducing the hazard of post-traumatic local and 
segmental kyphosis, and also assuring consistent anterior 
support at the vertebral body’s level (15,17,18,34-36).  
Therefore, intravertebral expansive implants have become 
popular regarding the treatment of vertebral body 
compression fractures, as they ensure a consistent anterior 
support at the vertebral body’s level provided by a posterior 
percutaneous transpedicular approach (15,16,34). The 
first intravertebral expansive implant developed was the 
VBS® (Vertebral Body Stenting) implant, which emerged 
as an adaptation of vascular stents to spinal surgery, now 
being applied and expanded inside the vertebral body  
(Figure 1) (7,11,12-14,16-19,25,27,31,32,36,37).

The present study aims to investigate the clinical 
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(analgesia, functional disability and degree of evolution 
perceived by the patient) and imaging (reestablishment and 
maintenance of vertebral body heights) results achieved by 
armed kyphoplasty with the VBS® system, when applied to 
compressive burst thoracolumbar fractures of osteoporotic 
nature. Furthermore, it intends to analyze the evolution 
of the aforementioned variables and recognize possible 
correlations between them, identifying the most influential 
factors in relation to the final outcomes. We present the 
following article in accordance with the STROBE reporting 
checklist (available at https://jss.amegroups.com/article/
view/10.21037/jss-22-59/rc).

Methods

The present scientif ic  investigation consists  of  a 
retrospective observational study in which we studied all 
patients with osteoporotic thoracolumbar compression 
burst vertebral fractures with involvement of one or both 
platforms and of more than one fifth of the posterior wall 
[included in types OF3 and OF4 of the classification of 
the German Society of Orthopedics (8)], who underwent 
armed kyphoplasty with VBS® stents (or stentoplasty) filled 
with polymethylmethacrylate bone cement over 10 years  
(between 2012 and 2022) in the same center since the 
introduction of this technique. The surgical technique is 
illustrated and described in Figure 2 and the characteristics 
of the implants are detailed in Table 1. Therapeutic 

indications for this type of osteoporotic fractures were as 
follows: when patients with osteoporotic thoracolumbar 
compression burst vertebral fractures were able to perform 
trunk verticalization, conservative treatment was initially 
chosen, with the use of thoracic lumbar sacral orthosis 
and symptomatic treatment. When patients with this 
type of fracture are immediately unable to perform trunk 
verticalization or when the symptoms do not improve and 
there is progression of vertebral flattening after a period of 3 
to 4 weeks of conservative treatment, we opt for the surgical 
intervention of armed kyphoplasty with intrasomatic stents 
filled with polymethylmethacrylate bone cement.

Initially, through a percutaneous approach and fluoroscopy 
support, the bilateral transpedicular intraosseous path is 
carried out to the desired location within the vertebral 
body, by the sequential use of Jamshidi needle, guide wire, 
access cannula, drill and impactor, obtaining intraosseous 
tunnels from the posterior entry point to the vertebral body. 
Through these channels, kyphoplasty balloons surrounded 
by stents are applied bilaterally and inflated in a controlled 
manner. The balloons are removed after they are deflated 
and the expanded stents remain in place. Finally, bone 
cement is applied bilaterally inside the stents. There is also 
the option of previously inflating the kyphoplasty balloons 
without the stents, thus being able to predict the position 
and expansion of the latter, and then, with the pre-made 
intrasomatic cavities, expand the balloons with the stents 
again. Note the reduction of depressions in the upper and 

Figure 1 Adaptation of the vascular technique from stent angioplasty (intravascular balloon inflation surrounded by stent) to stent-armed 
kyphoplasty (intrasomatic balloon inflation surrounded by stents).

https://jss.amegroups.com/article/view/10.21037/jss-22-59/rc
https://jss.amegroups.com/article/view/10.21037/jss-22-59/rc
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lower platforms after expansion of the implants and the 
final image with a gray stain representing the bone cement 
inside the stents. Also note in the sagittal, coronal and axial 
planes, the usual position occupied by non-expanded stents 
and after their expansion and filling with bone cement.

Patients who underwent armed kyphoplasty using the 
VBS® system with thoracolumbar osteoporotic compression 

burst vertebral fractures with a minimum follow-up time 
of 1 year were then identified. After the selection process 
(flowchart in Figure 3), we identified 41 operated patients, 
of whom 7 had already died. However, 4 more patients were 
excluded because they were uncontactable, resulting in a 
final sample of 30 patients, corresponding to 33 vertebrae 
that underwent surgery, as two patients had fractures at 

Figure 2 Illustration of the surgical technique of armed kyphoplasty with VBS® filled with bone cement in the context of osteoporotic 
compression fractures. VBS, Vertebral Body Stenting.
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Figure 3 Flowchart of participant selection criteria.

Table 1 Characteristics of VBS
®
 expansive intravertebral implants (7,11,12-14,25). In the last line of the table, the authors’ rationale for 

thoracolumbar compression fractures in porotic bone is presented

Implant name VBS
®

Morphology Cylindrical shape network (stent). Two implants by bipedicular access

Material Chromium-cobalt

Expansion direction Circumferential and centrifugal in the coronal plane (craniocaudal + lateral)

Expansion mechanism Hydraulic, by a kyphoplasty balloon (pressure and volume controlled)

Expansion force Maximum pressure: 30 Atm; maximum expansion volumes: large stent: 5 mL; medium stent: 4.5mL; small stent: 
4 mL 

Goal Fracture reduction and space filling

Rationale VBS
®
 refers to a space-filling and reduction implant system, as it has the potential to expand multidirectionally 

(laterally and vertically), being generally indicated in case of vertebral body’s replacement or reconstruction, 
with no need to await the healing of the vertebral fracture. Stents are implants that present two cavities which 
are coated by a casing of impacted trabeculae inside the vertebral body, with the expansion and impact of 
the encircling bony trabeculae. They give rise to cavities that replace a great part of the vertebral body interior, 
after being filled with bone graft or cement, padding and thus stabilizing it. Furthermore, these implants reduce 
cement extravasation by recreating the vertebral body’s walls through impaction of bony trabeculae with cement 

Fragile 

bone 

(porotic or 

lithic)

→

Osteoporotic or 

neoplastic pathologic 

compression  

fractures

→

Need to reconstruct or 

replace the vertebral body 

= Fracture reduction + 

vertebral body filing

→

Implant to fill space by 

multidirectional expansion and 

creator of intrasomatic cavities to 

be filled with bone cement (VBS)

↓

Aiming to replace the fragile  

vertebral body rather than  

waiting for fracture healing

VBS, Vertebral Body Stenting; Atm, standard atmosphere.

Identification
Population submitted to VBS® system armed-

kyphoplasty with osteoporotic compression burst 
vertebral fractures and follow-up time >1 year

Selection
Eligible individuals  

(n=41)
Individuals excluded due to death  

(n=7)

Individuals

Included population  
(n=34)

Sample for analysis  
(n=30)

Individuals excluded due to impossibility of contact  
(n=4)
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various levels.
Clinical and functional assessment was performed 

retrospectively based on clinical records regarding 
preoperative, immediate postoperative and current events. 
All patients were currently clinically evaluated using the 
visual analogue pain scale (VAS), the Oswestry Disability 
Index (ODI) and the Patient Global Impression of Change 
(PGIC) scale (38-40). The imaging assessment consisted of 
measuring the vertebral body heights both in the sagittal 
plane (anterior, intermediate and posterior heights) and in 
the coronal plane (right, central and left heights), as well as 
of carrying out the calculation of the Beck index (anterior 
height/posterior height), based on computed tomography 
obtained preoperatively, in the immediate postoperative 
period and at the end of the follow-up period. 

Statistical analysis

All the patients were under bisphosphonates and calcium 
supplement since its osteoporotic fracture. Statistical 
analysis was performed using the IBM SPSS Statistics for 
Windows, Version 28.0 (IBM Corp., Armonk, NY, USA) 
software. The Shapiro-Wilk normality test identified 
asymmetric variable distributions, and nonparametric 
statistical tests were applied. P values <0.05 were considered 
statistically significant. 

Ethical approval 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The research 
project was approved by the Ethics Committee for Health 
of Coimbra University Hospital Center (No. OBS.SF.042-
2022). All patients included in the study signed an informed 
consent.

Results

The mean age of patients was 73.3±7.3 years (range,  
56–88 years). The sample included 24 female subjects, aged 
between 56 and 88 years, with a mean of 73.6±7.6 years,  
and 6 male subjects, aged between 65 and 80 years, with 
a mean of 72.0±6.6 years. The mean follow-up time was  
4.5 years, with a minimum follow-up of 1 year and a 
maximum of 10 years. The mechanisms of osteoporotic 
vertebral fractures were: fall from standing height (23.3%), 
fall from a higher height (73.3%) and road accident (3.3%). 
The ability to verticalize the trunk was evaluated after the 

fracture, in the context of the emergency department, and it 
was preserved in 19 individuals (63.3%) and compromised 
in the remaining 11 (36.7%). After diagnosis, conservative 
therapy was the first approach in 12 patients (40.0%), while 
the remaining 18 (60.0%) were immediately proposed for 
surgical treatment of armed kyphoplasty with the VBS® 
system. 

In terms of clinical and functional results, before the 
surgical treatment (after the fracture), there was an average 
VAS value of 9.6±0.8, ranging between 7 and 10. After 
surgery, the average perception of pain was of 2.2±1.6, 
varying only between 0 and 5, which corresponds to an 
average reduction of 6.7 (range, 3–9). In addition, the 
application of the ODI allowed the assessment of functional 
disability, which assumed an average of 89.3% (range, 
48.9–100%) prior to surgery and decreased to 19.7% (range, 
0–35.6%) after the intervention (Figure 4). In both variables, 
the difference verified between the preoperative period 
and in the current evaluation was statistically significant 
(P<0.01). Regarding the PGIC, it ranged between 6 and 
7, with an average of 6.6 and a standard deviation of 0.5. 
Direct correlations were identified between PGIC and the 
remaining clinical variables—pain reduction (Rho =0.373) 
and functional disability reduction (Rho =0.425). Clinical 
results were also analyzed according to whether or not 
initial conservative therapy was performed and a statistically 
significant difference was identified (P=0.03) between the 
two groups. The group that underwent exclusive surgical 
therapy showed a greater decrease in the degree of disability 
(33.14±5.53) compared to the initial conservative therapy 
group (28.17±8.67).

Regarding the imaging data, these are presented in 
Figure 4 and Table 2. Several cases present in this series 
are also illustrated, both in anteroposterior and lateral 
radiographs and computed tomography in several planes 
in Figures 5-7. There was a statistically significant increase 
in all measurements performed both in the coronal and in 
the sagittal planes between preoperative and immediate 
postoperative period and at the end of follow-up time 
(P<0.01) (Figure 4 and Table 2). In relation to the heights 
of the immediate postoperative period, compared to the 
end of the follow-up, these decreased residually (maximum 
difference was of 2.6), however these differences were 
mostly statistically significant, although with less impact, as 
can be seen in Table 2 by the larger p-values. Nonetheless, 
there is an exception, which is the posterior height, whose 
difference between the immediate postoperative period 
and the end of the follow-up is not statistically significant 
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Figure 4 Bar graphs on the left indicate the evolution of the mean values of the variables VAS, ODI and Beck index at the preoperative 
period, at the immediate postoperative period and at the end of the follow-up period. On the right, the graft demonstrates the evolution 
of the mean vertebrae body heights in millimeters (mm) (sagittal and coronal planes) of the vertebrae submitted to surgical therapy, at 
the preoperative period, at the immediate postoperative period and at the end of the follow-up period. VAS, visual analogue scale; ODI, 
Oswestry Disability Index.

(P=0.325).
Concomitantly, the existence of a correlation between 

each of the measured vertebral heights and the clinical 
parameters was evaluated, and direct correlations were 
identified between the decrease in disability (ODI) and 
the heights in the coronal plane at the end of the follow-
up period (right height with Rho =0.368 and P=0.035, 
median height with Rho =0.460 and P=0.007, left height 
with Rho =0.516 and P=0.002). Finally, the Beck Index 
was introduced in this analysis, showing a mean of 0.72 
(range, 0.45–0.93) in the preoperative period, which rose 
to 0.93 (range, 0.69–1.25) in the immediate postoperative 
period, representing an average increase of 0.21 (range, 
0.06–0.57). At the end of the follow-up period, there was 
a mean Beck index of 0.92 (range, 0.62–1.25) (Figure 4). A 
statistically significant difference ((P<0.01) was identified 
between the Beck Index figure before surgery and at the 
end of follow-up, demonstrating a decrease of 7.4. It is also 
worth mentioning the identification of a direct correlation 
(Rho =0.465), between the final Beck Index (assessed at the 

end of the follow-up period) and the decrease in functional 
disability (ODI), with statistical significance (P=0.006). 
Based on computed tomography, 7 cases of cement leakage 
(21.21% of the operated vertebrae) were identified, without 
any clinical translation. Regarding its location, we verified 
6 cases of anterior leakage, one of inferior leakage and one 
of upper leakage. In this series, there was also one case of 
fracture at a level adjacent to the vertebra initially affected, 
which represents 3.03% of the operated vertebrae.

Discussion

The t rea tment  o f  os teoporot ic  f rac tures  o f  the 
thoracolumbar spine has been the subject of intense debate, 
ranging from conservative to posterior stabilization, with or 
without corporectomy, and cementoplasty techniques. As 
patients with this condition are usually elderly, we highlight 
the practically immediate capacity of cementoplasty 
techniques (vertebroplasty and kyphoplasty) to provide 
pain relief and consequent standing up and walking after 
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Table 2 Evaluation of the statistical significance (P) of the heights difference between each time periods

Compared time periods Plane Height location Difference (mm) P value

Preoperative → immediate postoperative Sagittal Anterior 11.5 <0.01

Median 15.9 <0.01

Posterior 5.0 <0.01

Coronal Right 10.5 <0.01

Median 11.4 <0.01

Left 9.5 <0.01

Postoperative → currently Sagittal Anterior 2.3 0.026

Median 2.5 0.016

Posterior 1.0 0.325

Coronal Right 2.6 0.015

Median 2.4 0.021

Left 2.4 0.023

Preoperative → currently Sagittal Anterior 10.7 <0.01

Median 15.2 <0.01

Posterior 5.0 <0.01

Coronal Right 6.7 <0.01

Median 11.6 <0.01

Left 9.7 <0.01

Figure 5 Radiographs outcomes in lateral and anteroposterior views regarding stent-armed kyphoplasty in osteoporotic thoracolumbar 
fractures. (A) Female, 81 years old; (B) female, 89 years old; (C) female, 78 years old; (D) female, 75 years old; (E) male, 68 years old; (F) 
female, 81 years old. 
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a few hours’ time, no pain, and no restriction of activity 
usually within 24 hours (17-20). The advantage of armed 
kyphoplasty with expansive intravertebral implants over 
classic vertebroplasty and kyphoplasty is mainly the 

superior preservation of restored vertebral height, as it is 
mechanically supported by the expanded devices (they work 
as a supporting endoskeleton or interior sustentaculum), 
which has been shown in diverse studies regarding medium 

Figure 6 Preoperative and final computed tomography images of an 83-year-old female patient with a type OF3 D12 body fracture 
submitted to stent-armed kyphoplasty. (A) Sagittal section of the initial fracture of the body of D12 type OF3: (A1) median sagittal section; 
(A2) right sagittal section at the level of the zygapophyses; (A3) left sagittal section at the level of the zygapophyses. (B) Coronal section of 
the initial fracture: (B1) coronal section. (C) Median axial section of the fractured vertebra: (C1) axial cut. To note the increase in vertebral 
heights in all planes and healing of fracture lines.

Figure 7 Computed tomography images at the end of the follow-up period. A male patient, 80 years old, with L2 body fracture type OF4 
submitted to stent-armed kyphoplasty. Sagittal images in median section (A1), right at the level of the zygapophyses (A2) and left at the level 
of the zygapophyses (A3); (B) coronal section; (C) axial cut.

A A1 A2 A3

B B1 C C1

B CA2 A3A1
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and long-term follow-up (11,12,13,17-19,25-28,31-36). The 
authors of the present study defend, in the case of acute 
burst osteoporotic vertebral fractures [OF3 and OF4 of the 
classification of the German Orthopedic Society (8)], in 
which the patient is unable to verticalize the trunk or with 
an unfavorable evolution after an attempt of a conservative 
treatment, the surgical intervention of armed kyphoplasty, 
that is, fracture reduction and stabilization with expansive 
intravertebral implants which are filled with bone cement. 
Particularly in compression fractures of vertebral bodies, 
we defend the importance of anatomical restoration or 
the most similar to this (at the angle of vertebral kyphosis, 
vertebral height and vertebral endplates morphology), as 
in other joints of the human body, so as to ensure a spine 
which is functionally and biomechanically closer to the one 
existent before the fracture. While in young individuals, 
an anatomical reduction of the vertebral body is sought to 
prevent progression to osteodegenerative and disc changes 
in that vertebral segment as well as adjoining levels, in the 
elderly, often with osteoporosis, the objective of anatomical 
reduction is mainly to prevent anterior overload of adjacent 
bodies, this way reducing the peril of adjacent vertebral 
fractures (11,12,17,18,25,41,42). It is now recognized that 
in osteoporotic vertebral fractures, restoring the height 
of the vertebral body at the time of the first fracture is 
pivotal to avoid the disease’s domino effect, that is, the 
consecutive occurrence of osteoporotic fractures in adjacent 
vertebrae due to overload of the anterior column after the 
first uncorrected vertebral wedge fracture. The wedge of 
the vertebrae progressively shifts the load axis to a more 
anterior position, exposing the fragile osteoporotic vertebral 
bodies to excessive anterior loads, favoring a cascade of 
consecutive pathological fractures and the kyphotization of 
the spine (11,20,25,43).

Expansive intravertebral implants are associated to the 
concept of direct fracture reduction, which is performed 
through an expanded implant at the accurate fracture 
location, inside the vertebral body (11,25). If the fracture 
takes place through a compression mechanism, those 
implants will act the other way round: they cause the 
vertebral body to expand, contrarily to the mechanism 
which led to the fracture. This way, it can be considered a 
very efficient method of fracture reduction. The problem 
of vertebral compression fractures is located at the vertebral 
body, which is fractured, thus, it is important to address 
some action targeting its reduction and direct stabilization 
(42-45). Several studies have shown that the idea that 
the expansive intravertebral implant may increase the 

posterior wall retropulsion in compression burst fractures 
is not verified with the correct positioning of the implants. 
On the contrary, due to the effect of ligamentotaxis and 
annulotaxis when the implants are expanded, the increase 
in body height makes the posterior wall move to anterior, 
deviating from the vertebral canal and moving closer to 
its original position, recovering posterior vertebral height 
and provoking an indirect decompression of the vertebral 
canal (12,13,17,46-54). The rarefaction, fragility and 
marked destruction of the intrasomatic bone trabeculae of 
osteoporotic burst fractures [osteoporotic fractures types 
OF3 and OF4 (8)] makes it necessary to replace most of the 
interior of the empty vertebral body with other material, 
in order to provide it with rigidity and stability, restoring 
its structural support function to the spine. In view of this, 
in the authors’ opinion, in burst osteoporotic fractures, 
the intravertebral expansive implants of choice to perform 
armed kyphoplasty are intrasomatic stents (also known as 
stentoplasty) (Figure 3). The rationale is that intrasomatic 
stents (VBS®), in addition to being reducing implants, are 
also space occupiers, since they are cylindrical implants 
of considerable size with multidirectional expansion 
(vertical and lateral). On account of their expansion and 
impaction of encircling bone trabeculae, they configure 
two cavities inside the vertebral body, coated by a casing 
of impacted trabeculae, which, after being filled with bone 
cement, substitute a major part of the vertebral body’s 
interior, also filling and steadying it promptly. Therefore, 
it makes sense that intrasomatic stents are applied for 
interior replacement or reconstruction of the weakened 
vertebral body. In these fractures, typically in the elderly, 
immediate stabilization of the fracture is regarded as a 
solution to achieve quick relief of symptoms and functional 
restoration. It is not essential for older patients to obtain a 
vertebra that is biomechanically similar to the others and is 
not the objective to wait for the fracture to heal, but only 
to ensure its immediate stabilization with the vertebral 
height restored as much as possible. The metallic mesh of 
cement-filled stents (bone-stent-cement complex) simulates 
the concept of reinforced concrete in civil construction, 
that is, the vertebral body is internally replaced by a 
metallic endoskeleton filled with bone cement, which 
guarantees its stable and resistant reconstruction. In short, 
intravertebral expansive stents filled with bone cement 
reduce and internally replace the flattened, fragile and 
destroyed vertebral body, with no intention of waiting 
for bone healing. In theory, another advantage pointed 
out to stentoplasty compared to traditional kyphoplasty is 
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that these implants reduce cement leakage by rebuilding 
the vertebral body’s walls through the impaction of bone 
trabeculae during their expansion, containing the cement 
inside (11,25,36,55). In addition, expansion of the balloons 
surrounded by the stents occurs more uniformly and 
predictably compared to traditional kyphoplasty, which 
may have advantages in fracture reduction capability and 
in reducing the risk of cement leakage. Since it is not rigid, 
the balloon expansion will most probably insinuate itself 
through regions characterized by lower pressure, and 
generating abnormal cavities, reducing the effectiveness and 
predictability of direct reduction of the vertebral body and 
increasing the risk of cement leakage (11,25,36,55).

In our study, a statistically significant improvement in 
all clinical and functional parameters was observed after 
the intervention. After surgery, the maximum degree of 
disability (ODI) reported was 35.6% (moderate disability), 
representing an average decrease of 69.6% compared to 
the disability reported prior to surgery, when it assumed 
average figures of 89.3% (disability). These results are in 
agreement with several studies that report that kyphoplasty 
with stents as a surgical treatment for osteoporotic vertebral 
fractures has positive results in terms of analgesia and 
improvement in functional disability (7,11,12-14,16-19, 
25,27,31,32,36,37). The assessment of the PGIC is one of 
the innovative topics addressed in this study and that allows 
to understand patients’ perception of the impact of the 
surgical intervention on their quality of life in relation to 
the preoperative period. As expected, it was observed that 
more accentuated decreases in pain and in the degree of 
functional disability translate into greater PGIC. We found 
that in 63.2% of patients with burst osteoporotic fractures 
and preserved trunk verticalization capacity, in whom 
conservative treatment with multimodal analgesia and 
thoracolumbar orthosis was initiated, this type of treatment 
was ineffective and they underwent armed kyphoplasty, 
which represents a considerable number. In addition, it 
was found that patients who underwent surgical therapy 
at the outset experienced greater reductions in functional 
disability, compared to those who had a previous attempt at 
conservative treatment and were only operated on after its 
failure. These data lead us to reflect on the repercussions of 
delaying the surgery in these fractures, since in these cases it 
was harmful to the patients and caused worse clinical results. 
Therefore, we consider that a better definition of surgical 
criteria for burst osteoporotic fractures may be necessary, 
namely by reducing the threshold for surgical indication, 
even in patients capable of verticalizing the trunk, seeking 

to avoid the suffering of conservative treatment over several 
weeks and, above all, the risk of its failure. The results of 
the present study demonstrate that stent-armed kyphoplasty 
allows for an adequate reduction of these fractures, with 
restoration of vertebral body heights, which are maintained 
in the medium-long term, as also indicated in previous 
studies (7,11,12-14,16-19,25,27,31,32,36,37). There was a 
statistically significant difference regarding the height of the 
vertebral body in its different regions, between the pre- and 
post-operative moments, which indicates the biomechanical 
efficacy and fracture reduction potential of this technique. 
In addition, a statistically significant increase in vertebra 
heights observed between preoperative and end-of-follow-
up moments was confirmed [increase of 10.7-15.2-5.0 mm 
(anterior-median-posterior) in the sagittal plane and 6.7-
11.6-9.7 mm (right-median-left) in the coronal plane], 
which indicates its ability to maintain fracture reduction. 
Another parameter used to analyze the imaging data was 
the Beck index, which reflects the relationship between the 
anterior and posterior height of the vertebral body. Thus, 
fractures with uniform flattening of the vertebra, that is, 
with similar anterior and posterior heights, originate Beck 
indices close to one. On the other hand, vertebrae whose 
fracture causes a more pronounced flattening of one of the 
anterior or posterior ends lead to Beck indices other than 
one. In the present study, the significance of the differences 
between the Beck indices recorded in the following pairs 
was investigated: pre and postoperative, preoperative 
and follow-up, postoperative and follow-up. Statistically 
significant differences were observed between all times; 
however, we would like to point out that the absolute 
mean decrease in the Beck index between the immediate 
postoperative period and at the end of the follow-up 
period is only 0.01 mm, which, despite having statistical 
significance, is hardly of clinical interest, reflecting only 
very residual anterior flattening. In this study, a statistically 
significant correlation was established between the right, 
median and left heights of the vertebral body evaluated 
at the end of the follow-up period and the decrease in 
functional disability (ODI). Thus, the study suggests 
that vertebrae with more heights restored in the coronal 
plane ensure greater improvements in patients’ functional 
disability. Concomitantly, a direct and statistically significant 
correlation was identified between the final Beck index 
(recorded at the end of the follow-up period) and the degree 
of disability improvement (ODI). Thus, it is demonstrated 
that the most effective restoration of the anterior height of 
the vertebral body and its consequent approximation to the 
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posterior height, as well as the greater restoration of heights 
in the coronal plane, by recreating the original morphology 
of the vertebral body more faithfully, are associated with 
more satisfactory functional results, which makes our study 
one of the first to establish a correlation between functional 
and imaging clinical data (anatomical restoration in both 
sagittal and coronal planes) regarding the surgical treatment 
of osteoporotic fractures.

In this investigation, there was only one adjacent fracture 
case, resulting in a fracture rate of 3.3%, which represents 
a figure slightly lower than that reported in similar studies 
(7,12,13,17,18,27,31,32,36,37). The small rate of adjacent 
vertebral fractures in the present study may be the result 
of the adequate anatomical restoration obtained from the 
vertebral bodies and, above all, their maintenance over the 
follow-up period. Although it remains a controversial topic, 
perceiving, whether these fractures are a complication 
of surgery or if they represent the natural progression 
of osteoporotic spinal disease, in the authors’ opinion, 
maintained anatomical reduction of the vertebral body 
avoids overloading the spine after a first uncorrected 
vertebral wedge fracture, preventing the domino effect of 
subsequent fractures in adjacent vertebrae and the onset 
of the kyphotizing osteoporotic cascade (11,25,32). In 
the present study, the cement leakage rate was 21.2%, 
compared to the total number of operated vertebrae, which 
is in agreement with the literature (7,11,12-14,16-19, 
25,27,31,32,36,37). The extravasation was accurately 
detected on computed tomography and not on radiographs; 
however, this is only an imaging finding, as none of the 
cases had any clinical translation. We consider that despite 
this extravasation rate, it is more controlled compared to 
traditional vertebroplasty or kyphoplasty, as in the present 
technique, uniform low pressure intrasomatic cavities are 
surrounded by the cylindrical metal meshes of the implants 
and by impacted bone trabeculae, such as previously 
mentioned. In this way, only slight leakages were identified 
on the anterior surface of the implants (where the cylinder 
is open) and never laterally or posteriorly, which are places 
of greater clinical risk for this leakage. Although cylinder 
implants are also open on the posterior surface, the absence 
of posterior leakage can be explained by the fact that we 
usually apply the cement with the cannulas located in the 
middle portion of the interior of the stents and always stop 
the cement injection when it reaches the posterior end of 
the implants. No cases of implant migration were identified, 
which, in our opinion, is due to the effective stabilization of 
the expanded stent integrated into the stent-impacted bone-

cement complex.  
The main limitations of this study are related to its 

retrospective nature and the reduced control for confounding 
factors that affect clinical outcomes and osteoporosis 
progression, small number of patients with this specific 
type of osteoporotic burst fractures, lack of control group 
and some heterogeneity in the follow-up periods, despite 
representing a 10-year-experience of a hospital center.

Conclusions

The posterior percutaneous transpedicular access and 
the ability to anatomically restore the fractured vertebra, 
as well as the recovery of vertebral height and the ability 
to maintain it in the medium-long term, make stent-
armed kyphoplasty a significantly promising alternative 
regarding the treatment of osteoporotic compressive 
thoracolumbar fractures. In this study, it was found that that 
this technique enables an effective and uniform restoration 
of the anatomical structure of the vertebral body, as well 
as an approximation to its original morphology, which 
positively influences the clinical and functional results. 
Furthermore, this study demonstrates, in a pioneering 
way, regarding osteoporotic fractures, the existence of a 
clinical-morphological correlation regarding their surgical 
treatment, that is, it was possible to demonstrate that a more 
effective morphological restoration of vertebral heights in 
both sagittal and coronal planes is associated with more 
satisfactory functional clinical parameters. We conclude that 
stent-armed kyphoplasty is a safe and effective technique in 
the treatment of compressive burst osteoporotic fractures, 
with a reduced risk of adverse events, rapid recovery and 
encouraging results with regard to anatomical restoration, 
accompanied by significant reduction in pain and the degree 
of patients’ disability, which represents an improvement in 
their quality of life.
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