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Abstract
Purpose  The aim of this study was to assess safety and efficacy of vertebral body stenting (VBS) by analyzing (1) radio-
graphic outcome, (2) clinical outcome, and (3) perioperative complications in patients with vertebral compression fractures 
treated with VBS at minimum 6-month follow-up.
Methods  In this retrospective cohort study, 78 patients (61 ± 14 [21–90] years; 67% female) who have received a vertebral 
body stent due to a traumatic, osteoporotic or metastatic thoracolumbar compression fracture at our hospital between 2012 
and 2020 were included. Median follow-up was 0.9 years with a minimum follow-up of 6 months. Radiographic and clinical 
outcome was analyzed directly, 6 weeks, 12 weeks, 6 months postoperatively, and at last follow-up.
Results  Anterior vertebral body height of all patients improved significantly by mean 6.2 ± 4.8 mm directly postoperatively 
(p < 0.0001) and remained at 4.3 ± 5.1 mm at last follow-up compared to preoperatively (p < 0.0001). The fracture kyphosis 
angle of all patients improved significantly by mean 5.8 ± 6.9 degrees directly postoperatively (p < 0.0001) and remained at 
mean 4.9 ± 6.9 degrees at last follow-up compared to preoperatively (p < 0.0001). The segmental kyphosis angle of all patients 
improved significantly by mean 7.1 ± 7.6 degrees directly postoperatively (p < 0.0001) and remained at mean 2.8 ± 7.8 degrees 
at last follow-up compared to preoperatively (p = 0.03). Back pain was ameliorated from a preoperative median Numeric 
Rating Scale value of 6.5 to 3.0 directly postoperatively and further bettered to 1.0 six months postoperatively (p = 0.0001). 
Revision surgery was required in one patient after 0.4 years.
Conclusion  Vertebral body stenting is a safe and effective treatment option for osteoporotic, traumatic and metastatic com-
pression fractures.
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Introduction

Thoracolumbar compression fractures affect a minimum of 
five million people worldwide per year [1–3]. Occurring in 
young and elderly patients, vertebral compression fractures 
constitute a major health-care problem of increasing impact 
[4]. Even though there is still no general consensus for 
treatment of compression fractures with no accompanying 
neurological impairment, surgical vertebral augmentation 
may be warranted to prevent progressive loss of vertebral 
body height, spinal kyphosis, pain, reduced mobility and 
independence, as well as psychological stress [5–8]. Moreo-
ver, a recent meta-analysis evaluating sixteen clinical trials 
favors surgical treatment for vertebral compression fractures 
[9]. Percutaneous vertebral augmentation procedures—such 
as vertebroplasty, balloon kyphoplasty and vertebral body 
stents—have emerged as valid anterior column reconstruc-
tion techniques for thoracolumbar compression fractures. 
They provide early mobilization, higher pain alleviation 
and long-term bone consolidation compared to conservative 
treatment options [10, 11]. Vertebroplasty is mainly applied 
for fracture stabilization without the intention of vertebral 
height restoration, while balloon kyphoplasty aims to correct 
the deformity through creation of an intravertebral cavity 
filled with cement. However, loss of vertebral body height 
and realignment after deflation of the balloon remained chal-
lenging [12]. Therefore, the vertebral body stenting system 
(VBS) was developed, which utilizes a balloon-catheter-
mounted stent. The stent is deployed through inflation of the 
balloon inside the vertebral body, creating intrinsic mechani-
cal stability after balloon deflation. Height restoration is held 
through polymethylmethacrylate (PMMA) cement injection 
[12, 13]. In comparison to balloon kyphoplasty or vertebro-
plasty, vertebral body stenting (VBS) intends to combine 
fracture consolidation and permanent height restoration 
[12, 14, 15]. Due to the relative novelty of this technique 
[16–18], there are currently only a few, yet promising studies 
evaluating the vertebral body stenting system [12, 13, 15, 18, 
19]. However, there is only limited clinical and radiological 
evidence proving safety and efficacy of the vertebral body 
stenting system in terms of restoration and maintenance 
related to anterior column reconstruction in thoracolumbar 
compression fractures.

Therefore, the aim of this study was to assess safety and 
efficacy of vertebral body stenting by analyzing (1) radio-
graphic outcome, (2) clinical outcome, and (3) periopera-
tive complications in patients with vertebral compression 
fractures treated with VBS at minimum 6-month follow-up.

Material and methods

We conducted a single-center, retrospective cohort 
study. Institutional Review Board approval was provided 
(KEK2020/02976). All patients undergoing VBS proce-
dures for traumatic, osteoporotic, or metastatic thoracolum-
bar compression fractures between 01/2012 and 12/2020 
were included in the study. Minimum follow-up period was 
6 months after surgery. The patient selection process is out-
lined in Fig. 1. Traumatic fractures were defined as fractures 
from high-energy trauma (Table 2). Osteoporotic fractures 
were specified as low-energy traumatic or fractures without 
previous trauma and previous documented diagnosis of oste-
oporosis. All low-energy and atraumatic fractures underwent 
intraoperative vertebral biopsy. In case of a positive biopsy 
result, fractures were classified as a metastatic fracture.

Study population

In total, 78 patients (mean age, 61 ± 14 [21–90] years; 66.7% 
female) with 80 pairs of vertebral body stents (= 160 VBS 
total) were included. Of those, 57 patients (73%) received 
additional posterior instrumentation (52 = percutaneous 
instrumentation, 5 = open instrumentation,) one vertebra 
above and one vertebra below the fractured vertebra [20–23]. 
Four (5.1%) patients underwent further decompression at the 
fracture site and 32 (40%) adjacent segment cementation. 
Forty-nine patients with traumatic fractures were allocated 
to the ‘traumatic group’. Twenty-four patients with osteo-
porotic fractures were allocated to the ‘osteoporotic group’. 
The remaining five patients with metastatic fractures were 
assigned to the ‘metastatic group’. Median follow-up was 0.9 
[0.6; 1.2] years with 49 (62.8%) patients having a minimum 
of 12-month follow-up. Patient demographics are outlined 
in Table 1. The underlining trauma mechanism was in 25 
percent an atraumatic fracture occurrence, in 12 percent due 
to an inadequate low-energy trauma, and in 63 percent a 
high-energy trauma. Patients presented with mean 1.4 ± 0.8 
[1–5] fractures with 28 percent of all patients suffering from 
multiple fractures. Three patients (3.8%) suffered from a pre-
operative neurological deficit at first clinical presentation. 
Detailed fracture characteristics are shown in Table 2.

VBS stenting procedure

All procedures were performed under general anesthesia 
and according to the surgical guideline for vertebral body 



936	 European Spine Journal (2023) 32:934–949

1 3

stenting by DePuy Synthes [24, 25]. Patients were placed 
in prone position on a radiolucent table. Access Kit 4.7 
(DePuy Synthes Spine, Inc., Raynham, MA, USA) was 
utilized for transpedicular access. Under biplanar fluor-
oscopic-guidance, access instruments were advanced 
through two small skin incisions until they contacted the 
pedicle. After radiographic confirmation of the correct 
trajectory, instruments were advance through the pedicle 
and into the vertebral body, using a bilateral transpedicular 
approach. An access channel was created through trocars 
guided through the access instruments. The afterward 
inserted plunger was used to decide on the correct ver-
tebral body balloon size. After advancement of two VBS 
systems through the corresponding channel into the verte-
bra, the VBS balloons were simultaneously inflated with a 
contrast-saline solution up to a pressure of 30 atmospheres 
until full balloon expansion was achieved followed by 
deflation and removal of the balloons, leaving the former 
surrounding stents in the vertebra to support the restored 
vertebral height. Under fluoroscopic guidance, polymeth-
ylmethacrylate (PMMA) cement (Vertecem V + , DePuy 
Synthes, Raynham, MA, USA) was injected bilaterally into 
the stent cavities until the stents were completely filled 
with some cement outside the stent interdigitating with the 
surrounding bone (Fig. 2). Depending on the underlying 
fracture type, the described procedure was followed by 
open or percutaneous posterior instrumentation. Postop-
erative regimen included supine positioning, immediate 

mobilization, pain medication according to the guidelines 
provided by the WHO, physiotherapeutic interventions and 
standing radiographs prior to hospital dismissal, 6 weeks, 
12 weeks, 6 months and 12 months postoperatively.

Assessment of radiographic outcome

Radiographic and clinical analyses were performed pre-
operatively, directly postoperatively as well as 6 weeks, 
12 weeks, 6 months and 12 months postoperatively. Radio-
graphic vertebral measurements were conducted on plain 
anterior–posterior (ap) and lateral radiographs according to 
the method described by Eschler et al. [26]. These include 
the anterior, middle and posterior vertebral body height, 
as well as the fracture kyphosis, scoliosis and segmental 
kyphosis angle [26]. Global alignment parameters, enclos-
ing lumbar lordosis (LL), lower lumbar lordosis (L4 to 
S1 [LLL]), pelvic incidence (PI) and pelvic tilt (PT) were 
determined on plain radiographs according to the method 
described by Fujii et al. [27]. Postoperative thoracic, thora-
columbar or lumbar radiographs were taken according to 
the underlying fracture level. Minimally clinical relevance 
was set at ≥ 2 mm or ≥ 2.5 degrees difference [28]. Figure 3 
depicts the radiographic outcome measures. Radiographic 
data collection was conducted by an experienced and fellow-
ship-trained spine surgeon, who was not involved in subse-
quent statistical analysis.

Fig. 1   The patient selection process is shown
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Assessment of clinical outcome

Clinical outcome was analyzed using the numeric rating 
scale (NRS) for pain evaluation and with patient-related 
outcome measurements (PROMs) such as COMI and 

EQ-5D [29, 30]. Complication rates were analyzed intra-
operatively (such as blood loss and material failure), as 
well as radiographically (such as stent cut out, cement 
leakage or secondary fractures) and clinically (require-
ment of revision surgery).

Table 1   Patient demographics Characteristic n (%) or mean ± SD 
[range]/median [IQR]

Age [years], mean ± SD [Range] 61 ± 14 [21–90]
Gender, n (%)
 Female, n (%) 26 (33.3)
 Male, n (%) 52 (66.7)

BMI [kg/m2], mean ± SD [Range] 25.8 ± 4.7 [16.3–40.8]
 Height [cm], mean ± SD [Range] 173 ± 9 [155–193]
 Weight [kg], mean ± SD [Range] 77.7 ± 16.3 [47–118]

Comorbidities, n (%) 28 (35.9)
 None, n (%) 50 (64.1)
 Osteoporosis, n (% of comorbidities) 19 (67.8)
 Prior myocardial infarction, n (% of comorbidities) 1 (1.3)
 Congestive heart failure, n (% of comorbidities) 2 (2.6)
 Peripheral vascular disease, n (% of comorbidities) 3 (3.8)
 Cerebrovascular disease, n (% of comorbidities) 1 (1.3)
 Dementia, n (% of comorbidities) 1 (1.3)
 Chronic pulmonary disease, n (% of comorbidities) 7 (9.0)
 Rheumatologic disease, n (% of comorbidities) 0 (0)
 Diabetes, n (% of comorbidities) 6 (7.7)
 Cerebrovascular (hemiplegia) event, n (% of comorbidities) 4 (5.1)
 Moderate to severe renal disease, n (% of comorbidities) 3 (3.8)
 Moderate or severe liver disease, n (% of comorbidities) 5 (6.4)
 Cancer without metastases, n (% of comorbidities) 6 (7.7)
 Leukemia, n (% of comorbidities) 2 (2.6)
 Lymphoma, n (% of comorbidities) 1 (1.3)
 Metastatic solid tumor, n (% of comorbidities) 4 (5.1)
 AIDS, n (% of comorbidities) 0 (0)
 Other, n (% of comorbidities) 1 (1.3)

Platelet inhibiting medication, n (%) 10 (12.8)
 None, n (%) 68 (87.2)
 Aspirin, n (% of platelet inhibitors) 10 (12.8)
 Clopidogrel/Prasugrel, n (% of platelet inhibitors) 0 (0)

Oral anticoagulation, n (%) 2 (2.6)
 None, n (%) 76 (97.4)
 Phenprocoumon, n (%, of anticoagulation) 1 (1.3)
 Selective Factor-Xa inhibitor, n (%, of anticoagulation) 1 (1.3)

Anesthesia, n (%)
 ITN, n (%) 78 (100)
 Other, n (%) 0 (0)

Operation time [min], median [IQR] 86 [60; 120]
Hospital stay [days], median [IQR] 7 [4; 11]
Follow-up [years], median [IQR] 1.4 [0.6; 7.5]
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Assessment of complications

Assessment of complications was categorized as material 
failure, cement leakage, VBS cutout or migration, and sys-
temic complications related to the procedure. Material fail-
ure was categorized in insufficient balloon inflation or insuf-
ficient stent deployment. Insufficient balloon inflation was 
defined as a burst balloon or leaking contrast agent despite 
compliance with the maximum permitted filling volume 
and pressure. Insufficient stent deployment was specified 
as any non-ubiquitous round deployment. Cement leakage 
was defined as any cement outside the cortical border or 

intravascular cement. Any stent laying at any part outside 
of the vertebral cortical border was taken into account for a 
stent cut out. Systemic adverse events were defined as any 
event resulting in death, any life-threatening medical con-
dition, permanent physical impairment or severe allergic 
reaction. Analysis was conducted by two authors neither 
involved in the patients’ operation nor clinical care.

Statistical analysis

Statistical Analysis was performed with GraphPad PRISM 
Version 8.0.1 (GraphPad Software, San Diego, California, 
USA). Normal Gaussian distribution was tested with Shap-
iro–Wilk test. If normally distributed, descriptive statistics 
are presented as mean ± standard deviation (range mini-
mum—maximum {95% confidence interval of median lower, 
upper}). For non-normally distributed data, descriptive sta-
tistics are shown with median [Interquartile range (IQR) 
25% percentile; 75% percentile] (range minimum–maximum 
{95% confidence interval of median lower, upper}). Single 
group comparisons were conducted with paired (un-paired) 
t-test for normally distributed data and with Wilcoxon signed 
rank test (Mann–Whitney U-Test) for non-normally distrib-
uted data. For paired multiple group comparisons, mixed 
effects analysis with Tukey’s multiple comparisons test was 
performed. Statistical significance was set at α ≤ 0.05.

Results

Anterior vertebral body height

Anterior vertebral body height of all patients improved sig-
nificantly by mean 6.2 ± 4.8 (− 5.2–15.2) mm directly post-
operatively compared to preoperatively (p < 0.0001). Mean 
correction remained at 4.3 ± 5.1 (− 8.6–14.8) mm at last 
follow-up compared to preoperatively (p < 0.0001). Loss of 
height correction was mean − 1.8 ± 2.4 (− 8.8–3.1) mm at 
last follow-up compared to postoperatively (p < 0.0001). In 
the osteoporotic group, mean anterior vertebral body height 
restoration was 5.6 ± 3.8 (− 0.8–13.3) mm directly postop-
eratively compared to preoperatively (p < 0.0001). At last 
follow-up mean correction stayed at 3.9 ± 4.7 (− 4–14.8) 
mm compared to preoperatively (p = 0.006). Loss of height 
correction was mean − 1.6 ± 2.7 (− 8.8–2.8) mm at last 
follow-up compared to directly postoperatively (p = 0.08). 
In the traumatic group, the anterior vertebral body height 
improved significantly by mean 6.6 ± 5.2 (− 5.2 to 5.2) 
mm directly postoperatively compared to preoperatively 
(p < 0.0001). The correction remained at mean 4.5 ± 5.9 
(− 8.6–13.4) mm at last follow-up compared to preopera-
tively (p < 0.0001). Loss of height improvement presented as 
mean − 1.9 ± 2.3 (− 6.6–3.1) mm at last follow-up compared 

Table 2   Fracture characteristics

Characteristic n (%) or mean ± SD 
[range]/median 
[IQR]

Fracture type, n (%)
 Traumatic fracture, n (%) 51(63.8)
  AO A1, n (% of traumatic fractures) 3 (5.9)
  AO A2,  n (% of traumatic fractures) 8 (15.7)
  AO A3, n (% of traumatic fractures) 19 (37.3)
  AO A4, n (% of traumatic fractures) 20 (39.2)

 Osteoporotic fracture, n (%) 24 (30.0)
  OF 1, n (% of osteoporotic fractures) 0 (0)
  OF 2, n (% of osteoporotic fractures) 3 (12.5)
  OF 3, n (% of osteoporotic fractures) 15 (62.5)
  OF 4, n (% of osteoporotic fractures) 6 (25.0)

 Metastatic fracture, n (%) 5 (6.3)
Trauma mechanism, n (%)
 Atraumatic, n (%) 19 (25.0)
 Inadequate, low-energy, n (%) 9 (11.5)
 High-energy, n (%) 49 (62.8)
  Car accident, n (% of high-energy trauma) 7 (14.3)
  Sport, n (% of high-energy trauma) 11 (22.4)
  Suicidal jump, n (% of high-energy trauma) 2 (4.1)
  Fall, n (% of high-energy trauma) 24 (49.0)
  Epileptic seizure, n (% of high-energy 

trauma)
3 (6.1)

  Other, n (% of high-energy trauma) 2 (4.1)
Multiple fractures, n (%) 22 (28.2)

  Number of fractures, mean ± SD [Range] 1.4 ± 0.8 [1–5]
Fracture Region, n (%)
 Thoracic (Th5–Th9), n (%) 3 (3.8)
 Thoracolumbar (Th10–L2), n (%) 55 (68.8)
 Lumbar (L3–L5), n (%) 22 (27.5)

Neurological Impairment, n (%) 3 (3.8)
Surgery, n (%)
 Stand-alone VBS, n (% of patients) 21 (26.9)
 Posterior instrumentation, n (% of patients) 57 (73.1)
  Percutaneous, n (% of instrumentation) 52 (91.2)
  Open, n (% of instrumentation) 5 (8.8)
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to directly postoperatively (p < 0.0001). In the metastatic 
group, mean vertebral body height restoration was 5.1 ± 5.7 
(− 0.4–13.1) mm directly postoperatively compared to pre-
operatively. At last follow-up, mean correction stayed at 
4.0 ± 6.2 (− 3.8–12.4) mm compared to preoperatively. Loss 
of height correction was mean − 1.1 ± 1.5 (− 3.4–0.2) mm 

at last follow-up compared to directly postoperatively. In 
patients with underwent posterior instrumentation, anterior 
vertebral body height correction improved significantly by 
mean 6.4 ± 5.2 (− 5.2–15.2) mm directly postoperatively 
compared to preoperatively (p < 0.0001). Mean correction 
remained at 4.5 ± 5.6 (− 8.6–14.8) mm at last follow-up 

Fig. 2   A lumbar compression fracture at L4 treated with a vertebral 
body stent is displayed preoperatively in a coronary and b sagittal 
view on a CT-scan (indicated by the arrow), as well as postopera-

tively with implanted VBS in c anterior–posterior and d) lateral view 
on plain lumbar x-rays

Fig. 3   Radiographic outcome measurements in a lateral view and b 
anterior–posterior view on plain lumbar x-rays. PH = posterior verte-
bral body height. MH = middle vertebral body height. AH = anterior 

vertebral body height. FKA = fracture kyphosis angle. SKA = seg-
mental kyphosis angle. FSA = fracture scoliosis angle
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compared to preoperatively (p < 0.0001). Loss of height 
correction was mean − 0.9 ± 4.9 (− 8.8—24) mm at last 
follow-up compared to postoperatively (p < 0.0001). In 
patients without posterior instrumentation, anterior verte-
bral body height correction improved significantly by mean 
5.5 ± 3.6 (− 2.3–13.3) mm directly postoperatively compared 
to preoperatively (p < 0.0001). The correction remained at 
mean 3.7 ± 3.5 (-3.8—9.2) mm at last follow-up compared 
to directly preoperatively (p = 0.001). Loss of height correc-
tion was mean − 1.7 ± 2.4 (− 6.6–3.1) mm at last follow-up 
compared to directly postoperatively (p = 0.04). There was 
a significant difference in the anterior vertebral body height 
between instrumented and non-instrumented patients preop-
eratively (22.3 [16.4; 26.4] (9.8–26.8 {19.8; 24.4}) mm vs. 
20.0 [14.0; 22.9] (10.0–19.9 {14.2; 22.9}) mm; p = 0.04) as 
well as at last follow-up (27.5 [24.4; 30.2] (13.6–20.8 {25.4; 
28.7}) mm vs. 21.2 [19.2; 26.3] (16.8–34.0 {19.2; 26.1}) 
mm; p = 0.001).

Fracture kyphosis angle

The fracture kyphosis angle of all patients improved sig-
nificantly by mean 5.8 ± 6.9 (7–29.9) degrees directly post-
operatively compared to preoperatively (p < 0.0001). Mean 
correction remained at 4.9 ± 6.9 (7.9–27.2) degrees at last 
follow-up compared to preoperatively (p < 0.0001). Loss 
of kyphosis correction was mean − 0.9 ± 4.3 (− 14.1–15.3) 
degrees at last follow-up compared to directly postop-
eratively (p > 0.34). In the osteoporotic group, mean frac-
ture kyphosis angle correction was 3.7 ± 5.9 (− 7–16.8) 
degrees directly postoperatively compared to preopera-
tively (p = 0.07). At last follow-up mean correction stayed 
at 4.2 ± 6.8 (− 7.9–19.5) degrees compared to preoperatively 
(p = 0.08). Loss of fracture kyphosis angle correction was 
mean − 0.5 ± 3.5 (− 7.7–8.1) degrees at last follow-up com-
pared to directly postoperatively (p = 0.99). In the traumatic 
group, the fracture kyphosis angle improved significantly 
by mean 5.9 ± 6.4 (− 2.8–27.6) degrees directly postopera-
tively compared to preoperatively (p < 0.0001). The correc-
tion remained at mean 4.3 ± 6.4 (− 6–20.5) degrees at last 
follow-up compared to directly postoperatively (p = 0.0002). 
Loss of fracture kyphosis angle improvement presented 
as mean − 1.4 ± 3.7 (− 14.1–4.8) degrees at last follow-
up compared to directly postoperatively (p = 0.14). In the 
metastatic group, mean fracture kyphosis angle correction 
was 14.6 ± 10 (− 3.0–29.9) degrees directly postoperatively 
compared to preoperatively. At last follow-up, mean cor-
rection stayed at 11.1 ± 9.1 (4.6–27.2) degrees compared to 
preoperatively. Loss of fracture kyphosis angle correction 
was mean − 3.4 ± 5.7 (− 9.1–5.2) degrees at last follow-
up compared to directly postoperatively. In patients who 
underwent additional posterior instrumentation, the frac-
ture kyphosis angle of all patients improved significantly 

by mean 6.2 ± 7.1 (− 7–29) degrees directly postoperatively 
compared to preoperatively (p < 0.0001). Mean correction 
remained at 5.3 ± 6.6 (− 5.6–27.2) degrees at last follow-up 
compared to preoperatively (p < 0.0001). Loss of kyphosis 
correction was mean − 0.9 ± 4.0 (− 9.1–15.3) degrees at last 
follow-up compared to directly postoperatively (p = 0.68). 
In patients without posterior instrumentation, the fracture 
kyphosis angle of all patients improved significantly by 
mean 5.3 ± 6.5 (− 4.3–16.7) degrees directly postopera-
tively compared to preoperatively (p = 0.02). The correc-
tion remained at mean 3.9 ± 7.4 (− 7.9–19.5) degrees at last 
follow-up compared to directly postoperatively (p = 0.2). 
Loss of fracture kyphosis angle improvement presented as 
mean -1.3 ± 5.3 (− 8.1–14.1) degrees at last follow-up com-
pared to directly postoperatively (p = 0.91). There was no 
significant difference in the preoperative median fracture 
kyphosis angle between instrumented and non-instrumented 
patients (8.5 [3.5; 15.0] (0.1–32.3 {5.7; 10.2}) degrees vs. 
7.9 [3.2; 14.3] (0–19.5 {3.2; 19.5}) degrees; p > 0.4). How-
ever, a significant difference was detected at last follow-up 
(4.3 [1.9; 7.1] (0–21.6 {2.9; 5.4}) degrees vs. 7.9 [3.2; 14.3] 
(0–19.5 {3.2; 14.1}) degrees; p = 0.01), showing a lower 
median fracture kyphosis angle in patients with posterior 
instrumentation.

Segmental kyphosis angle

The segmental kyphosis angle of all patients improved sig-
nificantly by mean 7.1 ± 7.6 (− 8.6–28.3) degrees directly 
postoperatively compared to preoperatively (p < 0.0001). 
Mean correction remained at 2.8 ± 7.8 (− 16.6–31.3) 
degrees at last follow-up compared to preoperatively 
(p = 0.03). Loss of segmental kyphosis angle correction 
was mean − 3.9 ± 5.3 (− 18.4–15.4) degrees at last follow-
up compared to directly postoperatively (p < 0.0001). In 
the osteoporotic group, mean segmental kyphosis angle 
correction was 6 ± 7.7 (− 28.3–8.6) degrees directly 
postoperatively compared to preoperatively (p = 0.01). 
At last follow-up mean correction stayed at − 2.3 ± 9.5 
(− 31.3–7.6) degrees compared to preoperatively (p = 0.9). 
Loss of segmental kyphosis angle correction was mean 
3.8 ± 6 (− 5.4–15.4) degrees at last follow-up compared 
to directly postoperatively (p = 0.07). In the traumatic 
group, the segmental kyphosis angle improved signifi-
cantly by mean 7.8 ± 7.3 (− 5.7–22.4) degrees directly 
postoperatively compared to preoperatively (p < 0.0001). 
The correction remained at mean 3.0 ± 6.7 (− 12.5–18.8) 
degrees at last follow-up compared to directly postop-
eratively (p = 0.04). Loss of segmental kyphosis angle 
improvement presented as mean − 4.1 ± 5.1 (− 18.4–15.4) 
degrees at last follow-up compared to directly postopera-
tively (p < 0.0001). In the metastatic group, mean segmen-
tal kyphosis angle correction was 6.4 ± 10.4 (− 2.6–23.4) 
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degrees directly postoperatively compared to preop-
eratively. At last follow-up, mean correction stayed at 
3.4 ± 11.1 (− 5.4–21.5) degrees compared to preopera-
tively. Loss of segmental kyphosis angle correction was 
mean -3.0 ± 3.1 (− 8.5–1.2) degrees at last follow-up com-
pared to directly postoperatively. In patients who under-
went additional posterior instrumentation, the segmental 
kyphosis angle of all patients improved significantly by 
mean 8.2 ± 7.2 (− 5.7–28.3) degrees directly postopera-
tively compared to preoperatively (p < 0.0001). Mean cor-
rection remained at 3.2 ± 8.0 (− 12.5–31.3) degrees at last 
follow-up compared to preoperatively (p = 0.06). Loss of 
kyphosis correction was mean − 4.2 ± 5.1 (− 15.4–15.4) 
degrees at last follow-up compared to directly postopera-
tively (p < 0.001). In patients without posterior instru-
mentation, the segmental kyphosis angle of all patients 
improved by mean 4.6 ± 7.7 (− 8.6–19.0) degrees directly 
postoperatively compared to preoperatively (p = 0.13). 
The correction remained at mean 1.7 ± 7.0 (− 16.6–13.2) 
degrees at last follow-up compared to directly postop-
eratively (p = 0.89). Loss of segmental kyphosis angle 
improvement presented as mean − 2.8 ± 5.6 (− 18.4–5.4) 
degrees at last follow-up compared to directly postopera-
tively (p = 0.27). Between instrumented and non-instru-
mented patients, no significant difference was seen pre-
operatively (11.2 [0.2; 18.7] (− 22.7–32.8 {6.4; 13.8}) 
degrees vs. 16.8 [2.2; 21.7] (− 15.1–32.8 {2.3; 21.6}) 
degrees; p = 0.2) in the median segmental kyphosis angle. 
Yet, a significant difference was detected at last follow-
up (7.3 [2.1; 12.4] (− 17.9–26.2 {4.3; 10.8}) degrees ver-
sus 14.0 [3.8; 18.9] (− 15.2–28.1 {5.1; 28.1}) degrees; 
p = 0.01), indicating a lower median segmental kyphosis 
angle in patients with posterior instrumentation. Radio-
graphic outcome is described in Table 3.

Clinical outcome

Back pain, quantified by the Numeric Rating Scale (NRS) 
was 6.5 [5; 8] (0–10 {6; 7}) preoperatively. Directly post-
operatively, a pain of 3.0 [3; 4] (2–8 {3; 4}) (p = 0.0001), 
6 weeks postoperatively a pain of 2.0 [0; 4] (0–8 {2;3}) 
(p = 0.0001), 6 months postoperatively a pain of 1.0 [0; 4] 
(0–8 {0; 2}) (p = 0.0001) and 12 months postoperatively 
a pain of 0.5 [0; 2] (0–6 {0;1}) (p = 0.0001) was present. 
The COMI-Back Questionnaire, presented a median score 
of 6.9 [3.1; 8.1] (1.5–10.0 {3.1; 9.0}) preoperatively. Six 
weeks postoperatively, a score of 4.5 [2.2; 6.3] (0–8 {3; 
6.2}) (p = 0.11), 6 months postoperatively a score of 3.3 
[1.5; 5.6] (0–8.8 {1.7; 5.5}) (p = 0.06) and 12 months post-
operatively a score of 2.6 [0.9; 3.5] (0–7.7 {0; 5}) (p = 0.07) 
was measured. Health-related quality of life, measured with 
the EQ-5D questionnaire, showed a score of 0.5 [-0.1; 0.9] 

(− 0.4–0.9 {− 0.4; 0.85}) preoperatively. A score of 0.8 
[0.6; 0.9] (− 0.02–1.0 {0.6; 0.8}) (p = 0.1) was determined 
6 weeks postoperatively, a score of 0.7 [0.7; 1.0] (0.2–1.0 
{0.7; 1.0}) (p = 0.1) 6 months postoperatively and a score 
of 0.8 [0.7; 1.0] (0.5–1.0 {0.7; 1.0}) (p = 0.4) 12 months 
postoperatively. Clinical outcome is illustrated in Fig. 4.

Complications

Intraoperative material failure was present in 5% (n = 4); 
therein no stent deployment could be seen in two patients 
and insufficient ballooning in further two patients. A stent 
cut out was detected in 3.8% (n = 3) and an adjacent segment 
fracture in 1.3% (n = 1) of all patients. No secondary fracture 
surrounding the stent was present. Cement leakage could 
be seen in 41.3% (n = 33) of all patients. Cement leakage 
into the anterolateral, paravertebral region was present in 
21 patients, intradiscal cement leakage in eleven patients 
and posterior cement leakage into the spinal canal in one 
patient. No vascular cement leakage was detected. None of 
the cement leakages had a clinically relevant consequence 
requiring further treatment. Clinically, revision surgery was 
required in one (1.3%) patient after 0.4 years. The patient 
suffered from multiple hematogenic infections with Strepto-
coccus mitis, Staphylococcus aures and Serratio marcensens 
at the time point of the initial trauma and index surgery. Five 
months after index surgery, he developed potential proce-
dure related spondylodiscitis with subsequent bone necrosis 
at the VBS level. Therefore, a subtotal corporectomy with 
cage replacement, disc biopsy and posterior instrumenta-
tion was performed. Intraoperative biopsies and sonication 
remained negative. However, due to the prior infections 
with known pathogen, an empirical antibiotic therapy was 
installed. In the six-year follow-up, the patient reported a 
very good clinical outcome with intermittently mild pain 
(VAS 2) and restored mobility. His general health status 
remained reduced due to a chronically severely decompen-
sated ethyl toxic liver cirrhosis. Radiographic follow-up 
showed no adjacent segment pathologies nor material fail-
ure. Complications are displayed in Table 4.

Discussion

Percutaneous vertebral augmentation procedures have 
emerged as valid anterior column reconstruction techniques 
for thoracolumbar compression fractures. They provide 
early mobilization, higher pain alleviation and long-term 
bone consolidation compared to conservative treatment 
options [10, 11]. The vertebral body stenting augmentation 
technique combines fracture consolidation and permanent 
height restoration in comparison to balloon kyphoplasty 
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Table 3   Radiographic outcome

Preoperative Postoperative 6 Months 12 Months Last follow-up
Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: lower–
upper]

All fractures
Vertebral fracture parameters
Anterior vertebral 

body height [mm]
21.5 ± 6.5 [CI: 

20.0–22.9]
27.6 ± 4.6 [CI: 

26.6–28.7]*
26.6 ± 4.5 [CI: 

25.4–27.7]*, ꝉ
25.6 ± 5.2 [CI: 

24.2–27.1]*, ꝉ
25.8 ± 4.8 [CI: 

24.7–26.9]*, ꝉ
Range [9.8–36.6] Range [13.4–35.5] Range [14.7–34.8] Range [13.6–34.4] Range [13.6–34.4]
n = 80 n = 78 n = 60 n = 49 n = 80

Middle vertebral body 
height [mm]

16.1 ± 5.1 [CI: 
14.9–17.2]

24.5 ± 3.5 [CI: 
23.7–25.3]*

23.5 ± 3.4 [CI: 
22.6–24.3]*, ꝉ

23.2 ± 4.1 [CI: 
22.0–24.4]*, ꝉ

23.1 ± 3.7 [CI: 
22.3–23.9]*, ꝉ

Range [5.9–31.5] Range [13.3 – 32.8] Range [13.0 – 30.2] Range [12.2 – 31.0] Range [12.2 – 31.0]
n = 80 n = 78 n = 60 n = 49 n = 80

Posterior vertebral 
body height [mm]

27.4 ± 5.1 [CI: 
26.2–28.5]

30.9 ± 3.3 [CI: 
30.1–31.6]*

30.0 ± 3.5 [CI: 
29.1–30.9]*, ꝉ

29.2 ± 4.7 [CI: 
27.9–30.6]ꝉ

29.5 ± 3.9 [CI: 
28.7–30.4]*, ꝉ

Range [16.6–39.5] Range [20.5–38.7] Range [20.4–36.2] Range [15.3–36.0] Range [20.1- 36.0]
n = 80 n = 78 n = 60 n = 49 n = 80

Fracture kyphosis 
angle [degrees]

8.9 ± 9.9 [CI: 
6.7–11.1]

3.9 ± 5.2 [CI: 
2.7–5.0]*

4.4 ± 5.8 [CI: 
2.9–5.9]*

4.6 ± 5.4 [CI: 
3.1–6.2]*

4.8 ± 5.9 [CI: 3.5–6.1]*

Range [− 16.2–32.3] Range [− 9.3–17.7] Range [− 9.4 – 21.6] Range [− 7–19.5] Range [− 9.4–21.6]
n = 80 n = 78 n = 60 n = 49 n = 80

Segmental kyphosis 
angle [degrees]

10.2 ± 12.7 [CI: 
7.6–12.9]

3.1 ± 10.2 [CI: 
0.8–5.4]*

6.5 ± 10.1 [CI: 
3.9–9.1]*, ꝉ

7.6 ± 9.7 [CI: 
4.8–10.4]ꝉ

7.5 ± 10.2 [CI: 
5.2–9.7]*, ꝉ

Range [− 22.7 – 32.8] Range [− 23.8 – 24.2] Range [− 17.3; 27.6] Range [− 17.9 – 28.1] Range [− 17.9 – 28.1]
n = 80 n = 78 n = 60 n = 49 n = 80

Fracture scoliosis 
angle [degrees]

3.2 ± 3.0 [CI: 2.6–3.9] 1.1 ± 1.0 [CI: 
0.9–1.4]*

1.1 ± 1.4 [CI: 
0.8–1.5]*

1.4 ± 1.6 [CI: 
0.9–1.9]*

1.2 ± 1.4 [CI: 0.9–1.6]*

Range [0.0–12.8] Range [0.0–4.7] Range [0.0–7.0] Range [0.0–7.3] Range [0.0–7.3]
n = 80 n = 78 n = 60 n = 49 n = 80

Preoperative Postoperative 6 Months 12 Months Last Follow-up
Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: 
lower–upper] 

Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: lower–
upper]

Subgroup analysis
Osteoporotic fractures
Anterior vertebral 

body height [mm]
20.1 ± 6.5 [CI: 

17.3–22.8]
25.6 ± 4.2 [CI: 

23.9–27.4]*
24.8 ± 3.8 [CI: 

22.9–26.6]*
23.5 ± 5.2 [CI: 

20.8–26.2]
24.0 ± 5.1 [CI: 

21.9–26.1]*
Range [9.8–34.4] Range [18.7–33.6] Range [17.9–30.4] Range [16.8–34.2] Range [16.8–34.2]
n = 24 n = 24 n = 17 n = 17 n = 24

Middle vertebral body 
height [mm]

13.7 ± 4.9 [CI: 
11.7–15.8]

22.8 ± 2.7 [CI: 
21.6–23.9]*

22.1 ± 2.8 [CI: 
20.6–23.6]*

21.0 ± 3.2 [CI: 
19.3–22.6]*

21.4 ± 3.1 [CI: 
20.0–22.7]*

Range [5.9–24.4] Range [18.0–28.0] Range [18.2–27.0] Range [16.5–26.3] Range [16.5–27.0]
n = 24 n = 24 n = 17 n = 17 n = 24

Posterior vertebral 
body height [mm]

26.3 ± 4.2 [CI: 
24.6–28.1]

29.5 ± 2.9 [CI: 
28.3–30.7]*

28.3 ± 3.0 [CI: 
26.7–29.8]

27.0 ± 4.1 [CI: 
24.8–29.1]

27.6 ± 3.8 [CI: 
26.0–29.2]

Range [16.6–32.7] Range [23.1–34.0] Range [21.9–32.5] Range [20.1–36.0] Range [20.1–36.0]
n = 24 n = 24 n = 17 n = 17 n = 24

Fracture kyphosis 
angle [degrees]

9.1 ± 8.2 [CI: 
5.6–12.5]

5.5 ± 5.1 [CI: 3.3–7.6] 4.6 ± 5.8 [CI: 1.6–7.6] 4.6 ± 4.3 [CI: 2.4–6.8] 4.8 ± 5.2 [CI: 2.6–7.0]

Range [− 3.3–23.8] Range [− 2.2–17.0] Range [− 3.9–19.3] Range [− 0.3–14.9] Range [− 0.3–14.9]
n = 24 n = 24 n = 17 n = 17 n = 24
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Table 3   (continued)

Preoperative Postoperative 6 Months 12 Months Last Follow-up
Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: 
lower–upper] 

Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: lower–
upper]

Segmental kyphosis 
angle [degrees]

10.1 ± 11.2 [CI: 
5.4–14.8]

4.1 ± 12.0 [CI: 
− 1.0–9.1]*

7.9 ± 13.0 [CI: 
1.2–14.6]

7.9 ± 11.0 [CI: 
2.3–13.6]

7.8 ± 12.0 [CI: 
2.8–12.9]

Range [− 9.9–23.8] Range [− 16.8 23.7] Range [− 15.2–27.6] Range [− 9.8–26.2] Range [− 15.2–27.6]

n = 24 n = 24 n = 17 n = 17 n = 24
Fracture scoliosis 

angle [degrees]
3.4 ± 3.2 [CI: 2.1–4.8] 1.2 ± 1.2 [CI: 

0.7–1.7]*
1.5 ± 1.5 [CI: 0.7–2.3] 1.8 ± 2.0 [CI: 0.7–2.8] 1.5 ± 1.8 [CI: 0.7–2.2]*

Range [0.3–12.8] Range [0.0–4.7] Range [0.0–5.2] Range [0.1–7.3] Range [0.0–7.3]
n = 24 n = 24 n = 17 n = 17 n = 24

Preoperative Postoperative 6 Months 12 Months Last Follow-up
Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: lower–
upper]

Subgroup analysis
Traumatic fractures
Anterior vertebral 

body height [mm]
22.6 ± 6.2 [CI: 

20.9–24.4]
29.2 ± 3.8 [CI: 

28.1–30.3]*
27.9 ± 3.9 [CI: 

26.6–29.1]*, ꝉ
27.4 ± 4.3 [CI: 

25.8–29.0]*, ꝉ
27.1 ± 4.1 [CI: 

26.0–28.3]*, ꝉ
Range [11.5–36.6] Range [17.5–35.5] Range [18.8–34.8] Range [19.3–34.4] Range [18.8–34.4]
n = 51 n = 49 n = 39 n = 30 n = 51

Middle vertebral body 
height [mm]

17.4 ± 4.7 [CI: 
16.1–18.7]

25.7 ± 3.1 [CI: 
24.8–26.6]*

24.6 ± 2.9 [CI: 
23.6–25.5]*, ꝉ

25.0 ± 3.3 [CI: 
23.8–26.2]*

30.7 ± 3.4 [CI: 
29.7–31.7]*, ꝉ

Range [9.0–31.5] Range [19.4–32.8] Range [18.1–30.2] Range [20.1–31.0] Range [20.1–31.0]
n = 51 n = 49 n = 39 n = 30 n = 51

Posterior vertebral 
body height [mm]

28.1 ± 5.3 [CI: 
26.6–29.5]

31.8 ± 3.0 [CI: 
30.1–32.7]*

31.2 ± 2.8 [CI: 
30.2–31.2]*

30.9 ± 3.7 [CI: 
29.6–32.3]*

30.7 ± 3.4 [CI: 
29.7–31.7]*, ꝉ

Range [16.6–39.5] Range [24.1–38.7] Range [23.6–36.2] Range [21.7–35.8] Range [21.7–35.8]
n = 51 n = 49 n = 39 n = 30 n = 51

Fracture kyphosis 
angle [°]

8.2 ± 9.2 [CI: 5.6 
−10.8]

2.9 ± 4.9 [CI: 
1.5–4.3]*

4.1 ± 5.0 [CI: 
2.5–5.8]*

4.2 ± 5.5 [CI: 2.2 
−.3]*

4.5 ± 5.3 [CI: 3.0–6.0]*

Range [− 10.1–28.0] Range [− 9.3–17.1] Range [− 8.2–16.1] Range [− 7.0–14.8] Range [− 8.2–16.1]
n = 51 n = 49 n = 39 n = 30 n = 51

Segmental kyphosis 
angle [°]

9.8 ± 11.7 [CI: 
6.5–13.1]

2.0 ± 8.8 [CI: 
-0.5–4.5]*,ꝉ

5.6 ± 8.3 [CI: 2.9 
-8.3]*,ꝉ

6.6 ± 8.8 [CI: 3.4–9.9]
ꝉ

6.8 ± 8.7 [CI: 4.4–
9.3]*,ꝉ

Range [− 22.7–30.2] Range [− 23.8–18.1] Range [− 17.3–18.8] Range [− 17.9–28.1] Range [− 17.9–28.1]
n = 51 n = 49 n = 39 n = 30 n = 51

Fracture scoliosis 
angle [°]

3 ± 2.9 [CI: 2.2–3.8] 1.1 ± 0.9 [CI: 
0.8–1.3]*

0.9 ± 1.3 [CI: 
0.5–1.3]*

1.1 ± 1.3 [CI: 
0.6–1.6]*

1.0 ± 1.2 [CI: 0.7–1.4]*

Range [0.1–12.1] Range [0.1–4.0] Range [0–7.0] Range [0–5.7] Range [0–5.7]
n = 51 n = 49 n = 39 n = 30 n = 51

Preoperative Postoperative 6 Months 12 Months Last Follow-up
Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: lower–
upper]

Subgroup analysis
Metastatic fractures
Anterior vertebral 

body height [mm]
16.8 ± 7.4 [CI: 

7.5–26.0]
21.8 ± 6.2 [CI: 

14.1–29.6]
21.0 ± 5.6 [CI: 

12.0–30.0]
17.3 ± 5.2 [CI: 

29.1–63.6]
20.8 ± 5.2 [CI: 

14.3–27.3]
Range [12.0–29.9] Range [13.4–29.5] Range [14.7–26.1] Range [13.6–20.9] Range [13.6–26.1]
n = 5 n = 5 n = 4 n = 2 n = 5
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Table 3   (continued)

Preoperative Postoperative 6 Months 12 Months Last Follow-up
Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: lower–
upper]

Middle vertebral body 
height [mm]

13.2 ± 5.1 [CI: 
6.9–19.6]

20.9 ± 5.8 [CI: 
13.7–28.1]

18.3 ± 4.1 [CI: 
11.7–24.8]

15.5 ± 4.6 [-25.9–
56.8]

18.2 ± 3.9 [CI: 
13.4–23.0]

Range [8.6–21.2] Range [13.3–28.7] Range [13.0–22.7] Range [12.2–18.7] Range [12.2–18.7]

n = 5 n = 5 n = 4 n = 2 n = 2
Posterior vertebral 

body height [mm]
25.3 ± 6.7 [CI: 

17.0–33.7]
27.8 ± 4.6 [CI: 

22.0–33.6]
26.4 ± 6.6 [CI: 

15.9–36.8]
26.4 ± 6.6 [CI: 

15.9–36.8]
25.9–7.6 [CI: 

16.4–35.4]
Range [17.4–32.8] Range [20.5–32.3] Range [20.4–32.3] Range [15.3–29.7] Range [15.3–32.3]
n = 5 n = 5 n = 4 n = 2 n = 5

Fracture kyphosis 
angle [°]

16.2 ± 19.9 [CI: 
− 8.5–41.0]

5.5 ± 7.9 [CI: 
− 4.3–15.3]

6.1 ± 12.7 [CI: 
− 14.1–26.3]

10.9 ± 12.2 [CI: 
− 98.4–120.2]

7.8 ± 12.9 [CI: 
− 8.1–23.8]

Range [− 16.2–32.2] Range [− 6.7–12.5] Range [− 9.4–21.6] Range [2.3; 19.5] Range [− 9.4–21.6]
n = 5 n = 5 n = 4 n = 2 n = 5

Segmental kyphosis 
angle [°]

15.8 ± 19.9 [CI: 
−.9–40.5]

9.3 ± 13.6 [CI: 
−.5–26.2]

9.1 ± 14.8 [CI: 
-−4.5–32.6]

18.9 ± 10.2 [CI: 
-−2.6–110.4]

12.4 ± 14.9 [CI: 
-−.1–30.9]

Range [−15.1–32.8] Range [−12.5–24.2] Range [−11.3–24.1] Range [11.7–26.1] Range [−11.3–26.1]
n = 5 n = 5 n = 4 n = 2 n = 5

Fracture scoliosis 
angle [°]

4.4 ± 3.8 [CI: 
−.3–9.1]

1.4 ± 1.3 [CI: 
-−.1–3.0]

1.6 ± 2.1 [CI: 
-−.7–4.9]

2.9 ± 0.4 [CI: 
-−.3–6.0]

2.1 ± 1.9 [CI: -−.3–4.5]

Range [0–9.0] Range [0.2–3.2] Range [0.1–4.5] Range [2.6–3.1] Range [0.1–4.5]
n = 5 n = 5 n = 4 n = 2 n = 5

preoperative postoperative 6 Months 12 Months Last Follow-up
Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: lower–
upper]

Instrumented
Vertebral fracture parameters
Anterior vertebral 

body height [mm]
22.3 ± 6.7 [CI: 

20.6–24.1]
28.8 ± 4.1 [CI: 

27.7–29.9]*
27.1 ± 4.3 [CI: 

25.8–28.3]*
26.8 ± 4.9 [CI: 

25.1–28.5]*
26.9 ± 4.5 [CI: 

25.7–28.1]*
Range [9.8–36.6] Range [13.4–35.5] Range [14.7–34.8] Range [13.6–34.4] Range [13.6–34.4]
n = 58 n = 56 n = 48 n = 34 n = 58

Middle vertebral body 
height [mm]

16.5 ± 5.0 [CI: 
15.2–17.9]

24.7 ± 3.6 [CI: 
23.8–25.7]*

23.5 ± 3.4 [CI: 
22.5–24.5]*

23.9 ± 3.6 [CI: 
22.5–25.4]*,ꝉ

23.7 ± 3.6 [CI: 
22.8–24.7]*

Range [7.7–31.5] Range [13.3–32.8] Range [13.0–30.2] Range [12.2–31.0] Range [12.2–31.0]
n = 58 n = 56 n = 48 n = 34 n = 58

Posterior vertebral 
body height [mm]

27.5 ± 5.0 [CI: 
26.1–28.8]

31.0 ± 3.4 [CI: 
30.1–31.9]*

30.1 ± 3.2 [CI: 
29.2–31.1]*,ꝉ

29.9 ± 4.7 [CI: 
28.2–31.5]*,ꝉ

30.1 ± 3.9 [29.0–
31.1]*,ꝉ

Range [17.4–39.5] Range [20.5–38.7] Range [20.9–36.2] Range [15.3–36.0] Range [15.3–36.0]
n = 58 n = 56 n = 48 n = 34 n = 58

Fracture kyphosis 
angle [°]

9.9 ± 7.8 [CI: 
7.9–12.0]

4.1 ± 3.5 [CI: 
3.1–5.0]*

5.2 ± 4.1 [CI: 
4.0–6.4]*,ꝉ

4.5 ± 3.5 [CI: 
3.3–5.7]*,ꝉ

4.8 ± 3.9 [CI: 3.7–
5.8]*,ꝉ

Range [01.1–32.2] Range [-0.5–12.5] Range [0.0–21.6] Range [0.0–11.6] Range [0.0–21.6]
n = 58 n = 56 n = 48 n = 34 n = 58

Segmental kyphosis 
angle [°]

9.2 ± 11.8 [CI: 
6.1–12.3]

1.0 ± 9.1 [CI: 
-1.4–3.5]*

6.1 ± 9.4 [CI: 3.4–8.8] 5.6 ± 9.0 [CI: 2.4–8.7] 6.0 ± 9.2 [CI: 3.5–8.4]

Range [− 22.7–32.8] Range [− 23.8–15.6] Range [− 17.3–24.4] Range [− 17.9–26.2] Range [− 17.9–26.2]
n = 58 n = 56 n = 48 n = 34 n = 58

Fracture scoliosis 
angle [°]

3.2 ± 3.2 [CI: 2.4–4.1] 1.1 ± 1.0 [CI: 
0.8–1.3]*

1.0 ± 1.2 [CI: 
0.6–1.3]*,ꝉ

1.2 ± 1.3 [CI: 
0.7–1.6]*,ꝉ

1.1 ± 1.1 [CI: 0.8–
1.4]*,ꝉ

Range [0.0–12.8] Range [0.0–4.0] Range [0.0–7.0] Range [0.0–5.7] Range [0.0–5.7]
n = 58 n = 56 n = 48 n = 34 n = 58
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Table 3   (continued)

preoperative postoperative 6 Months 12 Months Last Follow-up
Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: 
lower–upper]

Mean ± SD [CI: lower–
upper]

Non-Instrumented
Vertebral fracture parameters
Anterior vertebral 

body height [mm]
19.2 ± 5.6 [CI: 

16.8–21.7]
24.7 ± 4.6 [CI: 

22.7–26.8]*
24.5 ± 5.0 [CI: 

21.4–27.7]*,ꝉ
23.0 ± 5.1 [CI: 

20.2–25.9]*,ꝉ
23.0 ± 4.5 [CI: 

21.0–25.0]*
Range [10.0–29.9] Range [17.5–33.3] Range [18.2–33.8] Range [16.8–34.0] Range [16.8–34.0]
n = 22 n = 22 n = 12 n = 15 n = 22

Middle vertebral body 
height [mm]

14.8 ± 5.1 [CI: 
12.5–17.0]

23.8 ± 3.4 [CI: 
22.3–25.3]*

23.2 ± 3.8 [CI: 
20.8–25.6]*,ꝉ

21.5 ± 3.7 [CI: 
19.4–23.5]*

21.8 ± 3.7 [CI: 
20.2–23.4]*,ꝉ

Range [5.9–24.4] Range [18.1–29.0] Range [17.4–28.4] Range [16.5–28.1] Range [16.5–28.1]
n = 22 n = 22 n = 12 n = 15 n = 22

Posterior vertebral 
body height [mm]

27.1 ± 5.3 [CI: 
24.8–29.5]

30.4 ± 3.2 [CI: 
29.0–31.9]*

29.5 ± 4.9 [CI: 
26.4–32.7]ꝉ

27.7 ± 4.2 [CI: 
25.3–30.0]

28.0 ± 4.4 [26.0–29.9]

Range [16.6–36.1] Range [24.1–36.4] Range [20.4–34.9] Range [20.1–35.4] Range [20.1–35.4]
n = 22 n = 22 n = 12 n = 15 n = 22

Fracture kyphosis 
angle [°]

12.4 ± 8.5 [CI: 
8.6–16.2]

7.1 ± 5.0 [CI: 
4.9–9.4]*

7.5 ± 5.9 [CI: 
3.8–11.2]ꝉ

7.7 ± 5.8 [CI: 
4.5–10.9] ꝉ

8.4 ± 5.9 [CI: 5.9–11.0]
ꝉ

Range [0.0–28.3] Range [0.0–17.1] Range [0.1–19.3] Range [0.0–19.5] Range [0.0–19.5]
n = 22 n = 22 n = 12 n = 15 n = 22

Segmental kyphosis 
angle [°]

13.0 ± 12.7 [CI: 
7.4–18.7]

8.5 ± 11.1 [CI: 
3.5–13.4]

8.1 ± 12.9 [CI: 
-0.1–16.2]ꝉ

12.2 ± 10.1 [CI: 
6.6–17.7]ꝉ

11.3 ± 12.0 [CI: 
5.9–16.6]ꝉ

Range [ −  15.1–32.8] Range [− 16.8–24.2] Range [− 15.2–27.6] Range [− 6.4–28.1] Range [− 15.2–28.1]
n = 22 n = 22 n = 12 n = 15 n = 22

Fracture scoliosis 
angle [°]

3.2 ± 2.7 [CI: 2.0–4.4] 1.3 ± 1.2 [CI: 
0.8–1.8]*

1.7 ± 1.9 [CI: 0.5–2.9]
ꝉ

2.0 ± 2.1 [CI: 0.8–3.1]
ꝉ

1.8 ± 1.9 [CI: 0.9 -2.6]ꝉ

Range [0.9–10.8] Range [0.1–4.6] Range [0.0–5.2] Range [0.4–6.9] Range [0.0–7.3]
n = 22 n = 22 n = 12 n = 15 n = 22

Values are displayed as mean ± SD [confidence interval (CI): lower–upper]. P-values were analyzed using a fitted mixed model, comparing either 
the postoperative values with the corresponding preoperative value (height restoration), or the immediate postoperative value with the following 
postoperative values (height maintenance). Significant p-values (p < 0.05) for height restoration are marked with “*” comparing the preoperative 
with the corresponding postoperative value. For height maintenance, defined as p > 0.05, comparing the directly postoperative with the follow-
up postoperative value, are marked with “ꝉ”, respectively. Lordotic segmental angles are indicated with “-“ before the value. As sample size for 
metastatic fractures were too small to detect significant differences, no statistical testing was performed.

Fig. 4   The clinical outcome is 
shown. NRS = Numeric Rating 
Scale. COMI = Core Outcome 
Measures Index for Back 
Pain. EQ-5D = EuroQuol-5D 
Questionnaire. X-axis = abso-
lute score. Y-axis = time point 
of measurement: preoperative, 
directly postoperative, 6 weeks, 
6 months and 12 months post-
operative. Values are displayed 
as median with error bars repre-
senting the interquartile range
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or vertebroplasty [12, 14, 15]. Due to the relative novelty 
of the vertebral body stenting system, there are currently 
only a few, yet promising studies evaluating the vertebral 
body stenting system [12, 13, 15–19]. Therefore, we have 
conducted a single-center retrospective cohort study, aim-
ing to determine the short- and long-term radiographic and 
clinical outcome of patients who have received a VBS due 
to a traumatic, osteoporotic or metastatic thoracolumbar 
compression fracture.

In this study, a mean anterior vertebral body height cor-
rection of 6.2 ± 4.8 mm directly postoperatively and of 
4.3 ± 5.1 mm at last follow-up was detected (p < 0.0001). 
Garnon et al. evaluated the restoration of the preoperative 
most depressed vertebral body height, not differentiating 
between anterior-, middle-, and posterior height recon-
struction. They reported a mean restoration of 3.8 mm [15], 
which is a lower height restoration than measured in this 
study. Diel et al. analyzed an anterior vertebral body height 
of mean 20.3 to 24.5 mm six months postoperatively, which 
is similar to our findings (mean 21.5 to 26.6 mm; p < 0.0001) 
[12]. With vertebroplasty (VP), a mean anterior height res-
toration of 1.8–2.5 mm is described, whereas a correction 
of mean 2.2 mm is reported in balloon kyphoplasty (BKP) 
[31, 32]. Thus, the VBS system led to a higher anterior ver-
tebral body height restoration compared to VP or BKP in 
this study.

Here, a fracture kyphosis angle reduction of mean 
5.8 ± 6.9 degrees directly postoperatively was measured 
(p < 0.0001). The reduction remained stable at 4.9 ± 6.9 
degrees at last follow-up postoperatively (p < 0.0001). 
Other studies reported a lower angle correction directly 

postoperatively, ranging between 3.2 and 4.6 degrees, how-
ever exact long-term results—six- and 12 months postopera-
tively—were not specifically provided [15, 17, 18, 33, 34]. 
In the fracture group, a fracture angle correction of 5.9 ± 6.4 
degrees was achieved. This lays in accordance with reported 
angle correction of 3.2 to 7.3 degrees in the literature [17, 
34, 35]. Hiwatashi et al. showed a kyphosis angle reduction 
of mean 3 degrees with BKP and a reduction of mean 2.7 
degrees with VP [32]. This indicates that VBS can achieve 
a higher fracture kyphosis angle reduction than BKP or VP.

Back pain was ameliorated from a preoperative median 
Numeric Rating Scale value of 6.5 [5; 8] to 3.0 [3; 4] directly 
postoperatively and further bettered to 1.0 [0; 4] six months 
postoperatively (p = 0.0001). This represents better pain alle-
viation as reported by Klezl et al., who measured a mean 
pain score of 4.0 in the osteoporotic and 2.2 in the traumatic 
group six months postoperatively while also having analyzed 
a higher preoperative pain value of mean 8.9 in the osteo-
porotic and 9.7 in the traumatic groups[17]. Other studies 
evaluating the outcome of VBS have not taken back pain 
measurements into account. Comparable results were found 
in a meta-analysis of vertebroplasties and balloon kyphop-
lasties, in which patients showed a pain reduction on the 
NRS of 3.9 and 4.1 points, respectively [36].

Cement leakage occurred in 33 patients (41.5%) in this 
study. However, there was only one relevant posterior leak-
age and no vascular cement leakage. None of the patients 
suffered from clinical consequences requiring surgical revi-
sion. Other studies reported similar cement leakage rates 
with the VBS system, ranging from 0 to 55.4% [33, 37–39]. 
VPs and BKPs show mostly similar rates of cement leak-
ages [40–43]. Cement leakages in vertebroplasties range 
from nine to thirty-eight percent, which is comparable to 
our findings with VBS. Noriega et al. reported a cement 
leakages in balloon kyphoplasties between seven and fifteen 
percent, whereas Vendeuvre et al. reported a cement leakage 
rate of 41.7%, which is an equal rate compared to our study 
[33, 42, 43]. A slightly higher rate of cement leakages with 
the VBS system could be attributed to different patient pop-
ulation characteristics: Patients treated with VBS suffered 
more often from high-energy fractures, or thoracolumbar 
burst fractures, involving the posterior wall and bursting of 
the endplates [33, 34, 43]. This increases the likelihood of 
cement leakage compared to the fracture pattern of patients 
treated with vertebroplasty or balloon kyphoplasty. Zhang 
et al. described high preoperative compression ratios as a 
statistical significant independent risk factor for cement 
leakage with an Odds Ratio of 0.23 (p = 0.025) [44]. Patients 
treated with VP or BKP often suffered from low-energy and 
non-traumatic osteoporotic fractures, implicating a lower 
impact on vertebral walls and endplates [9, 40]. Thus, 
cement leakage is less likely in vertebroplasty and balloon 
kyphoplasty than in VBS augmentation due to the different 

Table 4   Intraoperative, radiographic and clinical complications

Complications n, (%)

Intraoperative, n (%)
 Material failure, n (%) 4 (5.0)
  Insufficient ballooning, n (%) 4 (100)
  Insufficient stent deployment, n (%) 0 (0)

 Systemic adverse events, n (%) 0 (0)
Radiographic, n (%)
 VBS dislocation or cut out, n (%) 3 (3.8)
 Secondary fracture surrounding the stent, n (%) 0 (0)
 Cement leakage, n (%) 33 (41.5)
  Anterolateral, n (% of cement leakage) 21 (63.6)
  Posterior, n (% of cement leakage) 1 (3.0)
  Intradiscal, n (% of cement leakage) 11 (33.3)
  Vascular, n (% of cement leakage) 0 (0)

 Adjacent segment fracture, n (%) 1 (1.3)
Clinical, n (%)
 Revision Surgery, n (%) 1 (1.3)
 Time to revision surgery [years] 0.4
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fracture patterns treated and not due to the surgical technique 
itself. Cement leakage in the VBS system, as in other verte-
bral augmentation techniques, can be reduced technically by 
vertebral body lavage prior to augmentation [45]. Addition-
ally, a longer waiting period between cement preparation and 
injection as well as in between the cement injections aim to 
reduce cement leakage due to higher cement viscosity.

Revision surgery was required in one (1.3%) patient after 
0.4 years, which lays well in the range reported in the lit-
erature [12, 34].

The VBS system implies higher product cost in com-
parison to other vertebral augmentation techniques, such as 
balloon kyphoplasty. Besides the higher production costs 
due to the included metal stent in VBS, this is mostly due 
to technical reasons: In balloon kyphoplasties, the balloon 
can be reused multiple times even in multilevel surgeries. 
Whereas in VBS, the balloon, mounted with the stent, can-
not be reused. One stent-balloon combination is needed per 
pedicle site in order to inflate the stent. However, when look-
ing at the advantages of the VBS system, which are related 
to the stent remaining in-situ, higher costs seem acceptable 
[12, 14, 15].

This is the first study also evaluating other relevant verte-
bral alignment parameter such as segmental kyphosis angle 
correction and vertebral scoliosis angle as well as global 
alignment parameters. Additionally, this is the first investiga-
tion measuring clinical outcome with the validated PROMs 
COMI and EQ-5D.

Limitations of this study lay in its retrospective nature 
with no control group. Additionally, the sample size of 
patients with metastatic fractures was small (n = 5), leaving 
too less power to provide statistical testing. However, this 
is the first study presenting absolute radiographic outcome 
data on this study population. Cianfoni et al. analyzed over-
all, yet not specific radiographic outcome of vertebral body 
stenting for metastatic fractures [46]. Moreover, additional 
posterior instrumentation may maintain sagittal and coronal 
alignment parameters independently of the anterior column 
reconstruction wit VBS. However, while the degree of cor-
rection was higher with additional instrumentation, resto-
ration and maintenance of vertebral body height, fracture 
kyphosis angle and segmental kyphosis was achieved for 
all fractures treated with VBS independently of posterior 
instrumentation.

Conclusion

This study revealed that the VBS restored and maintained 
focal and global sagittal and coronal alignment parameters 
in patients suffering from traumatic, osteoporotic and met-
astatic fractures of the thoracolumbar spine. The rate and 

degree of complications did not exceed these from different 
surgical treatment modalities for these type of pathologies 
making it a safe and valid treatment option for anterior col-
umn reconstruction in these patients. Future studies such as 
prospective randomized controlled trials are warranted to 
confirm these findings.
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