
Background: Painful vertebral compression fractures (VCF) caused by osteoporosis are a 
common health problem in the elderly population. If conservative treatments are unsuccessful, 
surgical treatments like vertebroplasty or kyphoplasty are recommended. But the use of 
Polymethylmethacrylat (PMMA) bone cement for augmentation surgery is associated with risks.

Objectives: Evaluation of the effectiveness and safety of a newly developed silicon polymer 
(VK100) that can be used instead of PMMA bone cement for kyphoplasty treatments.

Study Design: A retrospective study of 30 patients comparing the outcomes of kyphoplasty 
treatments conducted with PMMA and VK100.

Setting: Clinic for Orthopedics and Trauma Surgery Bonn, Germany.

Methods: Thirty patients with one to 3 VCF were treated either with balloon kyphoplasty using 
VK100 or balloon kyphoplasty using PMMA bone cement. Data from both groups was compared 
by a matched pair analysis. The medial vertebral height was measured at each examination 
radiologically. The patients stated their pain intensity using the Visual Analogue Scale (VAS) and 
the patient’s functional impairment was evaluated with the Oswestry-Disability-Index (ODI).

All data were assessed before surgery, and 3 days, 3 months, 6 months, and 12 months after 
surgery. Intraoperative and postoperative adverse events were documented.

Results: The patients’ functional impairment and pain improved significantly after surgery. The 
course of ODI and VAS was comparable in both treatment groups, but the improvement in the 
VK group was significantly ongoing until the 12 month follow-up. Vertebral height improvement 
was significant in both groups, but the PMMA group achieved a better absolute restoration. The 
vertebral height stayed constant during the follow-up in the VK group and worsened significantly 
in the PMMA group. There was no significant difference between groups concerning the 
occurrence of additional fractures; and no other types of complications or surgery-related adverse 
events were observed in either the PMMA group or in the VK group. 

Limitations: The study is only a matched pair analysis of 15 patients for each procedure and the 
amount of injected filling material was not recorded.

Conclusion(s): The study results demonstrate that the clinical outcome of VAS and ODI of 
using the silicon polymer VK100 is comparable or slightly better than using PMMA. VK 100 shows 
a trend to minor additional fractures during the follow-up. However, height restoration is not 
satisfactory in comparison to PMMA, although vertebral height stayed more or less constant in the 
VK group. To address the augmentation success further, it would be necessary to study a larger 
patient group over a longer study period and to assess additional parameters such as bone density 
and injected amount of filling material.
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improve application and to reduce extravasations, new 
delivery techniques have been developed. For example, 
in radiofrequency targeted augmentation, radio-
activated high-viscose bone cement is injected into 
previously created channels (16,17). In the KIVA VCF 
treatment system an implant made of PEEK-OPTIMA® 
is inserted into the vertebra and bone cement is 
injected into the implant (18). However, complications 
associated with bone cement still exist. Therefore, 
in the past few years different kinds of bone cement 
have been developed. Calcium phosphate cement (CPC) 
is a bioactive and biodegradable material, which can 
be resorbed and replaced by bone. However, it has a 
very low impact resistance and relatively low tensile 
strength which limits a wide clinical application (19). 
Furthermore, calcium sulfate cement (CSC) has been 
developed. It has a higher strength but degrades much 
faster as CPC (20). Therefore The manufacturer Bonwrx 
(Phoenix, AZ, USA) developed a silicon filling material 
named VK100. VK100 is biocompatible, biodurable, 
non-exothermic, and more elastic than bone cement. 
It is a radio-opaque silicon polymer, which sticks to 
itself and adheres to bone. Furthermore, its viscosity 
increases gradually, resulting in a longer working time. 
The viscosity of bone cement is a significant parameter 
for leakage (21). An optimal viscosity of PMMA is 
approximately 4.3 minutes at room temperature (22) 
compared to approximately 15 minutes of working 
time for VK100. For VK100 the ambient temperature 
is important, because the working time is strongly 
dependent on the temperature which can extend or 
diminish the viscosity and working time, respectively. 
Eichler et al (23) detected an obvious working curve for 
identifying the correct working viscosity and achieving 
reduced leakage rates.

To assess the treatment results for balloon kypho-
plasty (BKP) performed with VK100, a comparison to 
BKP using PMMA was conducted. 

Methodology

Patients 
All patients suffered from fresh acute osteoporotic 

VCFs of one to 3 vertebrae which were assessed diag-
nosed by preoperative magnetic resonance imaging 
(MRI). The vertebrae showed a decreased vertebral 
height of at least 5% and the fracture was categorized 
as A1.1, A1.2, or A1.3. After being treated conserva-
tively, all patients had a pain value higher than 70 mea-
sured at by visual analogue scale (VAS) after 2 – 6 weeks 
of treatment, or a VAS > 50 after more than 6 weeks 

Painful vertebral compression fractures (VCF) 
caused by osteoporosis are a common health 
problem in the elderly population (1). If 

conservative treatments are unsuccessful in improving 
the symptoms and patients suffer from persistent pain 
and limited mobility, surgical interventions such as 
vertebroplasty or kyphoplasty are often recommended 
(2,3). Commonly, these treatments were conducted 
with olymethylmethacrylat (PMMA) bone cement, 
which is instilled into the vertebrae via different 
mechanisms (4). Augmentation of the vertebral body 
with PMMA is highly successful in correction of spinal 
deformities. This intervention leads to pain reduction 
and an improved quality of life for the patients 
(5,6). However, some limitations and risks of PMMA 
have been reported which vary between different 
application methods (7,8). PMMA leakage is reported 
in 4.8 – 39% of balloon kyphoplasty treatments (9) and 
it is the cause of the most common surgery associated 
complications. Leakage may lead to soft tissue damage, 
nerve root pain, and nerve compression, and spinal cord 
compression (2,6,10). Injuries of the surrounding tissues 
are mainly caused by high temperatures during the 
polymerization process of the PMMA and are especially 
harmful to neural structures. However, most leakage is 
paraspinal or intradiscal and is primarily asymptomatic 
(9). But epidural, pulmonary, and foraminal leakage may 
require immediate surgical interventions. Associated 
complications such as pulmonary embolism, respiratory 
and cardiac failure, abdominal intrusions/ileus, and 
death have been reported (2,6,10,11). In vertebroplasty 
treatments, intradiscal leakage was identified as a 
predictor for new vertebral fractures (12). Furthermore, 
PMMA does not always adhere sufficiently to bone and 
it is harder and stiffer than natural bone. This may 
result in a differential spinal load. causing adjacent 
vertebral fractures. It has been debated whether 
adjacent fractures are caused by this changed load 
or primarily by osteoporosis itself (13). Additionally, 
PMMA has a reduced working time compared to other 
less viscose alternative augmentation materials. The use 
of high viscose bone cements may reduce leakage, but 
the limited working time can complicate the procedure 
(14). Cement extravasation can be reduced by the use 
of higher viscosity PMMA and sequential application 
(14,15). To overcome that problem new types of bone 
cement have been developed, for example highly 
viscose cement which has a prolonged working time, 
due to energy responsiveness and specific application 
mechanisms like radiofrequency kyphoplasty To 
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of conservative therapy. Additionally, the functional 
impairment (Oswestry-Disability Index) was higher than 
30%. Patients fulfilling one or more of the following 
criteria were excluded:
•	 less	than	18	years	old	
•	 a	shorter	life	expectancy	than	the	study	period
•	 affected	 by	 a	 traumatic,	 osteonecrotic,	 or	 tumor	

related fracture
•	 a	BMI	of	more	than	35
•	 cancer	or	HIV	patient
•	 alcohol	or	drug	abuser
•	 pregnant	women,	or	women	planning	a	pregnancy	

within the study period
•	 has	an	infection
•	 has	an	allergy	or	an	intolerance	to	the	surgical	in-

struments and materials
•	 has	had	past	spinal	surgeries	at	the	affected	level	or	

spinal stenoses or compressions of the neurofora-
men or nerve root

•	 systemic	diseases
•	 long	time	chronic	steroid	therapy	(>	30	mg/d	for	>	3	

months)
•	 hemorrhagic	diathesim
•	 uncontrolled	psychiatric	diseases	or	dementia

Intervention
Augmentation surgery was either performed with 

balloon kyphoplasty BKP (Kyphon Inc., Sunnyvale, Cali-
fornia, USA) using VK100 (Bonwrx, Phoenix, AZ, USA) as 
filling material (VK group) or BKP using PMMA (PMMA 
group). 

Patients in the PMMA group were treated in the 
university hospital Bonn between 2009 and 2012 and 
patients in the VK group between 2011 and 2013. 

Measurements
All study procedures were conducted in accordance 

with the ethical principles as stated in the Declaration 
of Helsinki. Patients underwent 5 examinations. Prior 
to the surgery, a complete physical examination was 
conducted, including radiological examinations/MRIs 
in order to confirm the presence, location, and severity 
of the VCF. Furthermore, medial the average vertebral 
height was measured radiologically by measuring the 
anterior and medial height of the vertebrae and calcu-
lating the mean height. Patients stated their pain inten-
sity using the 100 mm VAS) and the patient’s functional 
impairment was evaluated with the Oswestry Diability 
Index (ODI). 

Follow-up examinations took place 3 days post-op-

erative and 3 months, 6 months, and 12 months after 
surgery. At all examinations ODI, VAS, and vertebral 
height were assessed. Intraoperative and post-oper-
ative adverse events were documented. A computed 
tomography (CT) scan for leakage evaluation was 
omitted due to high radiation exposure and because of 
conclusions of past studies which stated found that a 
post-procedual CT scan is not warranted and should be 
conducted only for clinically symptomatic patients (24).

Statistical Analysis
A matched pairs analysis was conducted to com-

pare the outcomes of both treatment groups. Defined 
criteria for matched pairs were affected number of 
levels, gender, age ± 9 years, and the level of effect as 
similar as possible.

Data were analyzed using the statistic program 
PSPP (GPL version 3). 

All data were reported as mean ± standard devia-
tion and the level of statistical significance was set to 
P = 0.05 (CI 95%). To analyze changes within groups 
and to conduct the matched pairs analysis, the paired 
Wilcoxon rang test was used. Comparison of adverse 
events such as occurred leakage and additional frac-
tures was done with the Fisher’s Exact Test. 

Results

Thirty patients were analyzed; 15 from the VK 
group and 15 from the PMMA group. Patients’ char-
acteristics of both groups are summarized in Table 1.

A radiological illustration of the postoperative 
comparison of both procedures is given in figure 1. Fig-
ure 1 demonstrates post-operative anterior-posterior 
and lateral radiographs comparing both procedures.

Both treatment groups showed an improved VAS 
score directly after surgery with a reduction from 89.3 
± 11 mm to 28 ± 7.7 mm (P < 0.001) in the PMMA group 
and 83.5 ± 10.1 mm to 18.9 ± 11 mm (P < 0.001) in 
the VK group, respectively. The PMMA group showed 
a further slight improvement from the 3days exami-
nation third post-operative day to 22.5 ± 12.2 mm at 
12 months (P = 0.07). The VK group showed a further 
significant reduction of VAS to 9.4 ± 11.3 mm at 12 
months (P = 0.007).

The ODI course was comparable to the VAS course 
in both treatment groups. Both groups showed a sig-
nificantly improved ODI 3 days after the surgery with 
a reduction from 83.5 ± 7.9 to 39.9 ± 3.4% (P < 0.001) 
in the PMMA group and from 45.7 ± 16% (P < 0.001) in 
the VK group, respectively. In At the 12 month follow-
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up the PMMA group showed a more or less equal an 
almost equivalent ODI as identified in at the 3days 
examination third post-operative day with 37.4 ± 5.4% 
(P = 0.09). In the VK group, however, the ODI was sig-
nificantly improved to 20.2 ± 7.1% from the third post-
operative day to the 12 month examination (P = 0.001). 

Vertebral height improved significantly in both 
groups after the surgery, from 22.6 ± 2.8 mm to 25.71 ± 
2.03 mm (P < 0.001) in the PMMA group and from 21.74 
± 2.5 mm to 21.9 ± 2.48 mm (P = 0.045) in the VK group. 
In the follow-up examination, the vertebral height 
worsened significantly in the PMMA group to 25.22 
± 2.04 mm (P = 0.005). In the VK group the vertebral 

Table 1. Patients’ characteristics of  both treatment groups.

VK group PMMA group

Age 72.93 ± 7.27 years 71.87 ± 6.93 years

Gender 8 females
7 males

8 females
7 males

Number of affected vertebrae 1 (n = 8)
2 (n = 5)
3 (n = 2)

1 (n = 8)
2 (n = 5)
3 (n = 2)

Level and average height of affected vertebrae T7 (n = 2)
(preoperative: 25.0 ± 1.0 mm; postoperative: 

25.0 ± 1.0 mm)
T8 (n = 1)

(preoperative: 20.0 ± 0.0 mm;
postoperative: 20.0 ± 0.0 mm)

T9 (n = 2)
(preoperative: 22.5 ± 0.5 mm;
postoperative: 23.0 ± 1.0 mm)

T10 (n = 2)
(preoperative: 19.0 ± 1.0 mm;
postoperative: 19.5 ± 1.5 mm)

T11 (n = 2)
(preoperative: 19.5 ± 0.5 mm;
postoperative: 20.0 ± 1.0 mm)

T12 (n = 2)
(preoperative: 23.5 ± 1.5 mm;
postoperative: 23.5 ± 1.5 mm)

L1 (n = 3)
(preoperative: 19.3 ± 1.2 mm;
postoperative: 19.7 ± 1.7 mm)

L2 (n = 3)
(preoperative: 21.7 ± 3.3 mm;
postoperative: 21.7 ± 3.3 mm)

L3 (n = 3)
(preoperative: 22.7 ± 0.9 mm;
postoperative: 22.7 ± 0.9 mm)

L4 (n = 2)
(preoperative: 22.0 ± 0.0 mm;
postoperative: 22.0 ± 0.0 mm)

L5 (n = 2)
(preoperative: 24.0 ± 1.0 mm;
postoperative: 24.0 ± 1.0 mm)

T5 (n = 1)
(preoperative: 20 ± 0.0 mm;
postoperative: 24 ± 0.0 mm)

T9 (n = 1)
(preoperative: 18 ± 0.0 mm;
postoperative: 22 ± 0.0 mm)

T10 (n = 4)
(preoperative: 20.3 ± 1.3 mm;
postoperative: 23.8 ± 1.9 mm)

T11 (n = 3)
(preoperative: 22.3 ± 3.9 mm;
postoperative: 24.7 ± 0.9 mm)

T12 (n = 2)
(preoperative: 25.5 ± 2.5 mm;
postoperative: 27.0 ± 1.0 mm)

L1 (n = 4)
(preoperative: 24.3 ± 1.9 mm;
postoperative: 26.3 ± 0.8 mm)

L2 (n = 5)
(preoperative: 23.4 ± 1.2 mm;
postoperative: 27.8 ± 1.0 mm)

L3 (n = 2)
(preoperative: 23.0 ± 2.0 mm;
postoperative: 26.5 ± 0.5 mm)

L4 (n = 1)
(preoperative: 22.0 ± 1.0 mm;
postoperative: 22.0 ± 1.0 mm)

L5 (n = 1)
(preoperative: 22.0 ± 0.0 mm;
postoperative: 24.0 ± 0.0 mm)

height stayed more or less stable during the follow-up 
period with 21.8 ± 2.6 mm at the 12 month examina-
tion (P = 0.083). Both groups showed a significantly im-
proved height compared to the initial vertebral height, 
but the increase was significantly better in the PMMA 
group (P < 0.001).

Leakage was observed in 6.7% (n = 1) of the 
patients in the PMMA group and in 13.3% (n = 2) of 
patients in the VK group, such that no significant differ-
ence was given between both groups (P = 0.5).

Adjacent fractures occurred in 33.3% (n = 5) of 
patients in the PMMA group and in 6.7% (n = 1) of pa-
tients of the VK group. Although there was a significant 
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leakage, which may result in a smaller injected amount of mate-
rial. A smaller amount could be possibly not may not be sufficient 
to reach an adequate increased height. Unfortunately, we did not 
document the amount of injected VK100 and PMMA, but leak-
age was not significantly different in both treatment groups. In 
another retrospective study using VK100 as filling material, the au-
thors made similar observations. It was identified that the occurred 

Fig. 1. Postoperative radiographs of  a patient treated with balloon 
kyphoplasty using VK 100 (A = anterior-posterior view, B = lateral 
view) and a patient treated with balloon kyphoplasty using PMMA (C = 
anterior-posterior view, D = lateral view).

clinical difference between groups, no sta-
tistical significant difference was observed 
between groups concerning the occurrence 
of additional adjacent fractures (P = 0.08).

No other types of complications or 
surgery-related adverse events were ob-
served in either the PMMA group or in the 
VK group. 

discussion

Elastoplasty is a new development of 
kyphoplasty, which uses a silicon polymer 
instead of PMMA as filling material for 
overcoming PMMA related complications. 
The VK100 is assumed to act more similarly 
behave more like natural bone than PMMA 
because its stiffness is considerably lower 
than the stiffness of PMMA. Furthermore, 
the composition of VK100 may reduce the 
rate of surgery or device-related adverse 
events. VK100 cures non-exothermically at 
body temperature, it adheres to bone and 
sticks to itself, and the silicon polymers can-
not be degraded by body substances except 
for gastric acid. 

Our study compared the use of the 
silicon polymer VK100 and PMMA as filling 
materials for augmentation of VCFs. 

Both materials lead to an improvement 
in vertebral height. However, the height res-
toration was greater using PMMA compared 
to VK100. But post-operative vertebral 
height was more or less constant in VK pa-
tients. PMMA patients showed a significant 
height reduction during the post-operative 
study period. Differences are possibly caused 
by material stiffness which lead to different 
spinal loads affecting the vertebral structure. 
Zhao et al (25) concluded that the long-term 
sustainability of height restoration is less 
likely in those patients who experienced a 
greater restored vertebral height, but fur-
ther investigations are necessary to clarify 
the causes. Furthermore, reachable height 
restoration depends on many influencing 
factors, like bone mineral density, preopera-
tive kyphosis angle, and fracture age (26). 
The lower viscosity of VK100 in comparison 
to PMMA could possibly lead to a more 
careful injection into the vertebrae to avoid 
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leakage in VK100 treatment was essentially higher 
within the first 30 treated patients and that the key to 
reduced leakage is employing the correct waiting time 
for reaching injection viscosity (23). All occurred leak-
ages occurrences were asymptomatic, but the patient 
groups were small in the conducted study and further 
investigations are necessary to verify the comparable 
results for PMMA and VK100. It is conceivable that 
there will be a positive effect of the VK100 in compari-
son to PMMA regarding exothermic damage of neural 
structures, because VK100 reacts non-exothermically 
and cures rapidly at body temperature whereas PMMA 
polymerizes exothermically. 

During the exothermic polymerization of PMMA, 
temperatures increase to 82°C – 86°C in the vertebrae 
(27). It has been shown that tissues are seriously im-
pacted from a temperature of 50° onwards (28). It is 
still under discussion whether the PMMA-kyphoplasty 
itself leads to pain relief, or whether the heat of po-
lymerization destroys the pain fibers. Ex-vivo studies of 
vertebroplasty treatments showed controversial results 
and the influence of thermal injury on pain reduction is 
still unsolved. This is also because of model limitations 
and missing in-vivo studies (29). A pain reducing effect 
caused by thermic destroyed pain fibers is out of the 
question using VK100, because of its non-exothermic 
performance.

Furthermore, VK100 sticks to the bone and itself 
which may decrease embolizations and symptomatic 
leakages. The clinical outcome of VAS and ODI devel-
opment is nearly equal in both treatment groups with 
the VK-group showing. However, the VK group showed 
a further significant post-operative improvement dur-
ing the follow-up. slightly better results, because of a 
postoperative constant significant improvement. Other 
studies showed have shown comparable improvements 
for PMMA usage (6). In Eicheler et al (23), the VAS 
improved after VK100 treatment, which slightly wors-
ened by the 3 month examination with no remarkable 
change afterward; the ODI was reduced significantly af-
ter treatment but did not change significantly between 
follow-up examinations. The ability to restore vertebral 
height with VK100 treatment was not documented by 
Eicheler et al (23). The restoration of vertebral height 
shows no direct correlation to pain relief (30). It is pos-
sible that pain relief and improvements of functional 
impairment are not only solely results of height restora-
tion, but are caused mainly by the stabilization of the 
vertebra. 

It seems to be an advantage of VK100, that the 
silicon polymer distributes deeper into the trabecular 
bone and adheres to bone. PMMA may not allocate as 
finely as VK100, because of the higher viscosity. Further-
more, PMMA does not adhere to bone (21) and in other 
studies a gap between PMMA and bone was observed 
(19). It may be possible that the less stiff VK100 does 
not upset the spinal load as PMMA has been observed 
to do, which may lead to a more positive effect of sta-
bilization. It could be also an explanation for less oc-
curred additional fractures in the VK100 group. Other 
studies assumed that the distribution of bone cement 
as peripheral interdigitation may lead to less additional 
fractures, because of a more uniform load transfer 
between vertebral endplates (22). The more uniform 
load transfer could be achieved by VK100, because of 
its bone like stiffness. 

However, additional adverse events associated 
with PMMA were also reported for VK100 usage, espe-
cially in terms of pulmonary embolism (23). Besides the 
reported leakage and additional fractures, no adverse 
events occurred in our study, either in the PMMA group 
or in the VK-group. 

The inspissation of VK100 deep into the trabecular 
bone in combination with the bone bonding qualities 
of VK100 are advantages not afforded to PMMA since 
PMMA does not adhere to bone (28). In studies, a gap 
between PMMA and native bone has been observed 
(23). It is possible that the reduced stiffness of VK100 
does not disrupt the spinal load to the same degree as 
PMMA. This may lead to a more uniform effect of sta-
bilization. The reduction in stiffness could also explain 
the reduced incidence of additional fractures in the 
VK group compared to the PMMA group. Studies have 
also attributed a decrease in the number of additional 
fractures in the VK group to its peripheral inspissation 
which reduces vertebral body stiffness. Other studies 
suggest that peripheral inspissation and more uniform 
distribution of VK100 reduces the number of additional 
fractures by producing a uniform load transfer between 
vertebral endplates (31). The similarity in stiffness of 
VK100 and of native bone could explain this uniform 
load transfer. 

Despite reported adverse events such as pulmonary 
embolism occurring with both VK100 and PMMA (32), 
we had no additional adverse events except for the 
reported leakage and additional fractures in either the 
PMMA or VK group.
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conclusion

The study results demonstrate indicate that the 
use of VK100 leads to a clinical outcome of reduction 
in VAS and ODI comparable to or slightly better to than 
PMMA usage, probably with minor additional fracture 
occurrence. Both treatments lead to significantly im-
proved vertebral heights. However height restoration 

of VK100 is not satisfactory when compared to PMMA 
usage after 12 months. The VK group showed a worse 
height restoration, but a more stable height over the 
follow-up period. To address the augmentation success 
further, it would be necessary to study a larger patient 
group over a longer study period and to assess addi-
tional parameters such as bone density and injected 
amount of filling material.
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