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Background: Vertebral compression fractures are common among the elderly, which is conditioned
by osteoporosis. They cause back pain and limit the patient’s activities. The Kiva® VCF Treatment
System is a new device to treat vertebral compression fractures. Compared to other methods, the
utilization of the Kiva System reduces the risk for complications and delivers improvements in back
pain reduction and functionality.

Objectives: Evaluation of safety and effectiveness of the Kiva System in comparison to balloon
kyphoplasty on the basis of matched pairs.

Methods: 52 patients (47 - 89 years, 68 fractures) were treated with balloon kyphoplasty or with
the new Kiva System. Back pain and impairment of motility were assessed preoperatively and 6
months postoperatively, with the Visual Analog Scale (VAS) and Oswestry Disability Index (ODI). The
operation time and cement extravasation were recorded. Control radiographs were evaluated for
new fractures and vertebral heights.

Results: Mean VAS values in both groups improved from preoperatively 87.6 + 12.8 and 83.1 £ 14.9
to 10.8 £ 20.8 and 24.6 = 11.0 6 months after the treatment. The improvement after 6 months in the
Kiva group was significantly better than in the balloon kyphoplasty group (P< 0.0001). Mean ODI scores
in both groups also improved from 68.7% = 15.8% in the Kiva group and 80.6% = 8.6% in the balloon
kyphoplasty group preoperatively to 24.8 + 18.6% and 33.2 + 6.3% 6 months after treatment. The mean
operation time for the Kiva group was 12.7 £ 3.7 minutes per vertebra and cement leakage occurred in 6
patients. The mean operation time for the balloon kyphoplasty group was 34.1 + 7.0 minutes per vertebra
and cement leakage occurred in 8 patients. Anterior and mid vertebral height in the Kiva group increased
from preoperatively 21.06 + 7.44 mm and 18.36 + 5.64 mm to postoperatively 22.41 + 7.14 mm and
20.41 £ 6.00 mm. Anterior and mid vertebral height in the balloon kyphoplasty group increased from
preoperatively 21.68 + 2.06 mm and 21.97 + 1.78 mm to postoperatively 25.09 + 2.54 mm and 25.29 +
2.10 mm. Vertebral height restoration could be therefore maintained with both procedures for 6 months.
In the Kiva group 2 cases of nonadjacent fractures and one case of adjacent fractures were observed.
In the balloon kyphoplasty group 9 cases of adjacent, as well as 5 cases of nonadjacent, fractures were
observed. In the Kiva group significant fewer fractures occurred.

Limitations: The study includes only 26 patients for each procedure, which were compared on the
basis of matched pairs.

Conclusion: The Kiva System appears to be a safe and effective procedure for the treatment of
vertebral compression fractures. Six months after treatment with the Kiva System, better VAS values
than the values after the treatment with balloon kyphoplasty were recorded. Reduction in functional
impairment was as successful as it was after balloon kyphoplasty. Vertebral height restoration was
observed in both groups, which was sustained for 6 months. The risk of cement extravasation
during the Kiva Treatment is nearly the same as in balloon kyphoplasty; however, it requires a shorter
operation time and produces fewer new fractures.
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ertebral body fractures are steadily increasing

due to the aging population. They cause severe

pain and limit daily activities substantially.
Patients are wusually treated with conservative
therapies; however, in cases where results remain
unsuccessful, surgical procedures such as vertebroplasty
or kyphoplasty are further options. Kyphoplasty
can here be considered as a further development of
vertebroplasty. During kyphoplasty the bone cement
is not solely injected with pressure into the vertebral
body, but also targeted into a cavity, which had been
created by means of a balloon in the vertebral body. The
total amount of bone cement required to fill the cavity
is higher compared to the amount required during
vertebroplasty. However, kyphoplasty results in a lower
risk of bone cement leakage than vertebroplasty. Both
augmentation techniques allow rapid pain reduction
and mobilization of patients; nevertheless, the risk
of adjacent fractures in patients with osteoporosis
and the mentioned risk of cement leakage have to
be considered (1-4). The Kiva® VCF Treatment System
from Benevenue Medical (Santa Clara, USA) presents
a new development for the treatment of osteoporotic
vertebral body fractures. Thereby, a spiral shaped
nitinol coil is inserted percutaneously into the vertebral
body, which preserves the cancellous architecture of the
bone. The implant is then delivered over the removable
guide wire coil to provide structural support to the
vertebral body and to serve as a conduit for the bone
cement. Vertebral displacement by the implant should
result in endplate re-elevation and fracture reduction.
Bone cement is then delivered through the lumen of
the implant.

To assess the treatment results for both augmenta-
tion procedures, a prospective comparison, regarding
clinical efficacy and safety, was conducted between the
Kiva® VCF Treatment System and the KyphX®-Systems
(Kyphon Inc., Sunnyvale, USA) for balloon kyphoplasty.

MEeTHODOLOGY

The Kiva® VCF Treatment System is a sterile, single-
use device for the treatment of pathological compres-
sion fractures of the thoracic and lumbar spine. It is a
newly developed product of Benvenue Medical (USA),
which bears the CE mark and is available for sale in
Europe. In the USA and Canada it is limited to investiga-
tional use by qualified investigators. The internationally
conducted interventional study (KAST) that evaluates
the safety and effectiveness of the Kiva® VCF Treatment
System in comparison to balloon kyphoplasty is regis-

tered at ClinicalTrials.gov (Identifier: NCT01123512). All
study procedures were conducted in accordance with
the ethical principles as laid down in the Declaration of
Helsinki and the research on the Kiva® VCF Treatment
System and balloon kyphoplasty was approved by the
local ethical committee, respectively.

Patients

For the retrospective comparison only patients
with one or 2 A1.1, A1.2, or A1.3 (AO Spine Fracture
classification) painful osteoporotic vertebral fracture(s)
at the thoracic and lumbar spine were considered. Be-
fore surgery, a detailed study of the patients’ medical
history was conducted. They all underwent a complete
physical examination, including complete radiological
examinations/magnetic resonance imaging (MRIs) in
order to confirm the presence, location, and severity of
vertebral compression fracture(s). The reported data for
the Kiva® VCF Treatment System was collected at the
University of Bonn between 2010 and 2011. The data
for balloon kyphoplasty was collected from procedures
conducted between 2004 and 2009.

The criteria to match pairs across the 2 groups, Kiva
group and balloon kyphoplasty group, were defined by
the cranial vertebral body treated, the age, and the ap-
proximately caudal acantha. Both groups consisted of
26 patients with mean age 73.6 + 8.6 year (range 54 - 89
years) in the Kiva group (Kiva) and mean age 66.4 + 8.9
years (range 47 - 83 years) in the balloon kyphoplasty
group (BKP). In each group 18 patients received treat-
ment in only one vertebral body and 8 patients received
treatment in 2 vertebral bodies. In total 68 vertebral
compression fractures were treated at different levels
of the thoracic and lumbar spine. The patients’ charac-
teristics are summarized in Table 1.

Interventions

The pKiva® VCF Treatment System (Benvenue
Medical, Santa Clara, USA) procedure was performed
under general anesthesia, or local anesthesia (when
general anesthesia was contraindicated) with fluoro-
scopic guidance. Fluoroscopy ensured proper deploy-
ment and placement of the devices, the implant, and
the bone cement. A unipedicular approach was used
for the treatment (Fig. 1). The nitinol coil of the KIVA®
VCF Treatment System was guided through a deploy-
ment cannula into the vertebral body and acted as a
guide wire for the implant. After correct placement of
the nitinol coil in the cancellous portion of the verte-
bral body, the implant was delivered over the coil until
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Table 1. Patient's characteristics of both treatment groups

Kiva BKP
Mean + SD 73.6 £ 8.6 66.4 £ 8.9
Age
Range 54 -89 47 - 83
male 6(23.1%) 11 (57.7%)
Subjects
female 20 (76.9%) 15 (42.3%)
n=1 18 18
Treated fractures per patient
n=2 8 8
Th7 1 1
Th8 1 2
Th9 3 2
Th10 3 5
Fracture locations Thil 3 2
Thi2 8 5
L1 5 5
L2 4 5
L3 1 2
L4 5 5

C

D

into the implant.

Fig. 1: Graphical illustration of the Kiva® VCF Treatment System. The nitinol coil will be guided through a deployment cannula
into the vertebral body and acts as a guide wire for the implant (A, B). After correct placement of the nitinol coil, the radiopaque
PEEK implant will be delivered over the coil (C). Afterwards the guide wire will be removed (D) and bone cement will be injected

the desired amount of height restoration or filling was
accomplished. The implant, made of PEEK-OPTIMA®
(Invibio Inc., West Conshohocken, Pennsylvania), con-
tains 15% barium sulfate for radiopacity and forms a
nesting, cylindrical column. Afterwards the guide wire
was removed and bone cement was injected through
the lumen of the implant until the column was filled.

For a pre-post comparison see Fig. 2.

Balloon kyphoplasty was already described as an
established procedure in various publications (5-6). In
this study balloon kyphoplasty was performed under
general anesthesia and biplanar fluoroscopy for con-
trol. The KyphX®-Systems (Kyphon Inc., Sunnyvale,
California, USA) was used and a bilateral approach into
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Fig. 2. Preoperative (A, B) and postoperative (C, D)
radiographs of a patient treated by the Kiva® Treatment System
at vertebrae T7 and T9 (lateral view = A, C; antertor-posterior
view =B, D)

the vertebral body was chosen. The KyphX Xpander®
balloons, available in lengths of 10, 15, and 20 mm,
were inserted via 2 working channels. Their placement
should ideally be centered between the endplates in
the anterior two-thirds of the vertebral body, which
can be controlled by 2 radiopaque makers at the ends
of the balloon. The inserted balloons were inflated to
create a cavity. They were deflated and removed when
the KyphX Xpander® balloon made contact with the
cortical wall of the vertebrae, the maximal inflation
volume was reached, and if the pressure exceeded 400

psi.
The resulting cavity in the vertebral body was then

filled with bone cement according to the following
procedure: First the KyphX® Bone Filler Device con-
taining 1.5 mL polymethylmethacrylate (PMMA) is
filled with the bone cement, the filled KyphX® Device
is then guided through the working cannula to the
anterior part of the cavity where subsequently the
cement is slowly extruded out of the device into the
cavity. In the final step the KyphX® Bone Filler Device
is removed. The same procedure was repeated at the
contralateral pedicle.

Outcomes

Patient-reported outcomes were measured pre-
operatively before device implantation and 6 months
after treatment. Back pain severity was evaluated
with the standard 10 cm VAS (Visual Analog Scale) for
the Kiva® VCF Treatment System and a numeric rat-
ing scale (0-100, steps of 10) for balloon kyphoplasty.
Condition-specific functional impairment was evalu-
ated with the ODI (Oswestry Disability Index) score.
During surgery the operation time was recorded. All
adverse events, which could be attributed to the treat-
ment and further complications, such as new fractures,
were documented.

Cement extravasations and their location were
confirmed by intra-operative fluoroscopy and post-
operative radiography. New fractures were evaluated
by radiographic controls.

The anterior and mid vertebral heights were mea-
sured radiological in the digital system by caliper pre-
operatively, postoperatively, 3 months, and 6 months
postoperatively.

Statistical Analyses

Data were analyzed by using the statistic software
PSPP (GPL version 3.). Continuous data were reported
in mean * standard deviation and categorical data
were reported in frequencies and percentages.

The VAS baseline values, VAS values 6 months
after the treatment with the Kiva® VCF Treatment
System, and corresponding values for balloon kypho-
plasty were compared using the Wilcoxon-test. The
ODI values, at baseline and 6 months after treatment
with the Kiva® VCF Treatment System, were compared
with corresponding values from balloon kyphoplasty
using the t-test, 2-tailed. Using the Chi2-test, data
on postoperative fractures between the groups and
data on cement leakage between the groups were
compared.
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REesuLTs

The mean preoperative VAS for pain in
the Kiva group was 87.6 + 12.8 and improved,
6 months post-treatment, to 10.8 + 20.8. In the
balloon kyphoplasty group, the preoperative
83.1 + 14.9 mean VAS score also improved to 24.6
+ 11.0, 6 months post-treatment. The Kiva group
showed a significantly lower VAS score 6 months
after treatment than the BKP group (P < 0.0001).
In the Kiva group 96.2% of the patients and
in the balloon kyphoplasty group 100% of the
patients experienced pain relief 6 months after
the treatment. Mean ODI scores also improved
in both groups: in the KIVA group from 68.7 +
15.8% preoperatively to 24.8 + 18.6% 6 months
post-treatment and in the balloon kyphoplasty
group from 80.6 + 8.6% preoperatively to 33.2 +
6.3 6 months post-treatment. The test of equal-
ity showed no difference between the values at
6 months post-treatment (P = 0.03). One hun-
dred percent of the patients in the Kiva group
and 100% of the balloon kyphoplasty group
experienced an increased functional ability after
the treatment. All VAS and ODI values for each
treatment are graphically illustrated in Figs. 3
and 4.

The mean operation time, using the Kiva®
VCF Treatment System, was 12.7 + 4.7 min. per
vertebra and during balloon kyphoplasty the
mean operation time was 46.5 + 20.0 min. per
vertebra. Six cases of cement extravasations were
observed in the Kiva group and 8 cases in the bal-
loon kyphoplasty group. There was no significant
difference of cement extravasation between both
treatment groups. In 2 cases in the Kiva group the
cement extravasation was located lateral, in one
case crania-caudal, in one case dorsal, and in 2
cases ventral. For the balloon kyphoplasty group
7 cases of the cement extravasations were located
lateral and one case cranial.

New fractures occurred in 3 patients from
the Kiva group and 14 patients from the balloon
kyphoplasty group. In the Kiva group, 2 of the
new fractures were observed at the adjacent level
and one of them at a non-adjacent level. In the
balloon kyphoplasty group 9 of the new frac-
tures were observed at the adjacent levels and 5
at non-adjacent levels. No new fractures at the
treated levels were reported in either group.

804

1T

VAS

T T T
Kiva Baseling BKP Baseline Kiva & Month BKP 6 Manth

Fig. 3. VAS values of all treatments

oDl (%)

T T T
Kiva Baseling BKP Baseline Kiva & Month BEP 6 Month

Fig. 4. ODI values of all treatments

In summary, results from the Kiva group show that
the occurrence of new fractures is significantly lower (P
< 0.0001) than in the balloon kyphoplasty group after 6
months.

Table 2 presents the results for operation time, cement
extravasation, and new fractures in both treatments.

The mean post-fracture height in the Kiva group was
21.06 + 7.44 mm at the anterior vertebral wall and 18.36 +
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Table 2. Parameters of the treatments

Kiva BKP

Op time (minutes per vertebra) mean + SD

12.7+3.7 341+7.0

Cement leakage

23.1% (n=6) 30.7% (n=8)

11.5% (n=3) 53.8% (n=14)

Following fracture adjacent

7.7% (n = 2) 34.6% (n=9)

no adjacent

3.8% (n=1) 19.2% (n = 5)

Table 3. Change of anterior and mid-vertebral height for both treatments (mean £ SD mm)

Pre-op Post-op 3 months 6 months
anterior 21.06 +£2.77 2241 +7.14 22.40 +£7.08 22.28 + 6.85

(n=34) (n=34) (n=32) (n=33)

KIVA

mid 18.36 £ 5.64 20.89 £ 6.00 21.06 = 5.90 21.19 £ 6.08

(n=34) (n=34) (n=32) (n=33)
anterior 21.68 £2.08 25.09 £ 2.54 24.55+2.25 24.56 £2.27

BKP (n=34) (n=34) (n=33) (n=34)
mid 21.97 £ 1.78 2529 £2.10 25.00 £ 2.09 2491 £ 2.08

(n=34) (n=34) (n=34) (n=34)

5.64 mm at the mid-vertebral region. The mean post-
fracture height in the balloon kyphoplasty group was
21.68 + 2.08 mm at the anterior vertebral wall and
21.97 £ 1.78 mm at the mid-vertebral region. The mean
postoperative height in the Kiva group was 22.41 +7.14
mm at the anterior vertebral wall and 20.89 + 6.00 mm
at the mid-vertebral region. The mean postoperative
height in the balloon kyphoplasty group was 25.09
+ 2.54 mm at the anterior vertebral wall and 25.09 +
2.10 mm at the mid-vertebral region. A significant (P
< 0.001) increase in the anterior and mid wall height
was seen in both groups preoperatively compared with
postoperatively (Table 3).

At 6 months follow-up the vertebral height did not
change significantly in both groups.

Discussion

Osteoporotic vertebral compression factures cause
pain, restrict daily activities, and cause height loss and
kyphosis (7). The frequently applied vertebral aug-
mentations procedures, vertebroplasty and kypholasty,
are very successful but also fraught with risks such as
subsequent fractures, cement leakages, embolisms, or
infections (1,3).

Over the past few years, new vertebral augmenta-
tion procedures have been developed in order to opti-
mize the treatment and minimize the risks (8-10). The
newly developed Kiva® VCF Treatment System consists
of an implant that will be inserted into the vertebral
body and filled with bone cement.

A biomechanical study indicates that the Kiva®
VCF Treatment System exhibits similar biomechanical
performance to balloon kyphoplasty, but reduces the
risk of cement extravasation (11). The reduced risk of
cement extravasation when applying the Kiva® VCF
Treatment System rather than balloon kyphoplasty is
also indicated in the study at hand, but no significant
difference between the treatment groups could be
shown. Other studies confirm that the Kiva® VCF Treat-
ment System only has a menial risk of cement extrava-
sation: 4.8% and 8% (12,13). The results of this study
show a higher percentage of cement extravasation,
which may be linked to the relatively small sample size
and the method of matched pairs selection.

Reported values on the risk of cement extravasa-
tion during balloon kyphoplasty vary between 7% and
15% (14-17). The results observed in this comparative
study, however, are slightly higher compared with the
prior data. This discrepancy may be also linked to the
relatively low number of patients selected to match
pairs. In a large, randomized and controlled trial, which
compared the efficacy and safety of balloon kypho-
plasty with non-surgical care, cement extravasation oc-
curred in approximately 27% of the cases treated with
balloon kyphoplasty (18).

Our study revealed that the Kiva® VCF Treatment
System had a shorter operation mean time of 12.7 =
4.7 min. per vertebra than that of balloon kyphoplasty,
which had 46.5 + 20.0 min. per vertebra. The deter-
mined operation time for balloon kyphoplasty was
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comparable to other reported durations with 32 min.
- 61 min. (2,5,19). A possible reason for the shorter op-
eration time when applying the Kiva® VCF Treatment
System could be the simplified handling and the unipe-
dicular approach instead of the bipedicular approach
for balloon kyphoplasty, as well as the shorter period
of radiation needed to launch the surgical procedure.

The incidents of newly occurring fractures after
an intervention with the Kiva® VCF Treatment System
were significantly lower than after balloon kyphoplasty.
Rosales Olivarez et al (13) treated 34 fractures in 30 pa-
tients, 12 months after their treatment with the Kiva®
VCF Treatment System, 5 new fractures were observed
at adjacent levels, 2 at nonadjacent levels, and one was
arefracture at an index level which had previously been
treated. Korovessis et al (12), however, did not report
any new fractures at treated or at adjacent levels, after
reviewing the patients 6 months after their treatment
with the Kiva® VCF Treatment System.

Previous studies report a 4% - 26% (2,14,16,17)
risk of suffering new fractures for balloon kyphoplasty.
However, the risk of an adjacent level fracture observed
through our study is moderately higher than previously
reported data. The results indicating this higher risk
could be related to various factors such as the smaller
number of patients involved, the applied augmenta-
tion procedure, or progressive osteoporosis.

The reason for fewer new fractures in the Kiva
group could be attributed to the lower amount of
cement injected and the accurate guidance during
injection by the cylindrical coil. Mean cement volumes
injected during balloon kyphoplasty were 4.7 mL - 7.5
mL (5,11,15) and during Kiva® VCF Treatment System
2.2 mL - 2.6 mL per vertebra (11,13). The injected ce-
ment is different from the native bone structure and
consequently influences the mechanical forces to
each part of the spine. Therefore, a higher amount of
injected cement may influence the distribution of the
forces negatively, e.g., the treated vertebrae gets more
inelastic caused by the cement with the result that the
acanthas below the treated vertebrae have to absorb
more than before.

Vertebral height restoration was observed in the
Kiva group and balloon kyphoplasty group after sur-
gery and was sustained for 6 months after the proce-
dure, which is of importance due to a lower risk of back
pain or the occurrence of new fractures. The increased
vertebral height after balloon kyphoplasty is already
known from other clinical studies (2,5,14). An ex vivo

comparison study also showed no differences of ante-
rior vertebral height between balloon kyhoplasty and
the Kiva® VCF Treatment System after cyclic loading
(11).

Both augmentation systems, Kiva® VCF Treatment
System and balloon kyphoplasty, improve back pain
and function. Notable is the pronounced improvement
through the Kiva® VCF Treatment System revealed
through our study. These findings are comparable
with results of other studies on the treatment of ver-
tebral compression fractures with balloon kyphoplasty
(2,4,5,16,18,20) and with the Kiva® VCF Treatment
System (12-13).

Improvements in functionality and back pain are
important factors for the social life and independence
of the patient. Klezl et al (20) reported in a study with
a 12 month follow-up period a drift to a lower level of
social functionality, defined by level of independence,
in 53% of the patients treated conservatively and 21%
of the patients treated with balloon kyphoplasty. In
order to determine the sustainability of an improved
social life and independence through the Kiva® VCF
Treatment System, follow-up periods must exceed the 6
months given in this study. This indicates that the short
follow-up period of 6 months in this study provides
only an intermediate follow-up period and is a further
limitation to the relatively small study population. The
time between the incidence of the fracture and the
treatment is an important factor in pain relief (17). On
that note, further randomized prospective studies with
larger patient samples and prolonged follow-up peri-
ods are necessary in order to predicate about long-term
outcomes after the intervention.

ConcLusIOnN

The Kiva VCF Treatment System appears to be a safe
and effective procedure for the treatment of vertebral
compression fractures. In comparison to treatment with
balloon kyphoplasty, treatment via the Kiva Treatment
System delivered better VAS values after 6 months.
Moreover, functional impairment was as effectively
reduced through the Kiva Treatment System as it was
after balloon kyphoplasty. Vertebral height restoration
was observed in both groups after surgery, which was
sustained for 6 months. Both methods pose nearly the
same level of risk in cement extravasation; however, the
operation time needed to complete the procedure with
the Kiva Treatment System is shorter and it produced
fewer new fractures.
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