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Abstract This retrospective study compares efficacy and

safety of balloon kyphoplasty (BK) with calcium phosphate

(Group A) versus KIVA implant with PMMA (Group B)

reinforced with three vertebrae pedicle screw constructs for

A2 and A3 single fresh non-osteoporotic lumbar (L1–L4)

fractures in 38 consecutive age- and diagnosis-matched

patient populations. Extracanal leakage of both low-vis-

cosity PMMA and calcium phosphate (CP) as well as the

following roentgenographic parameters: segmental kypho-

sis (SKA), anterior (AVBHr) and posterior (PVBHr) ver-

tebral body height ratio, spinal canal encroachment (SCE)

clearance, and functional outcome measures: VAS and SF-

36, were recorded and compared between the two groups.

All patients in both groups were followed for a minimum

26 (Group A) and 25 (Group B) months. Extracanal CP and

PMMA leakage was observed in four (18 %) and three

(15 %) vertebrae/patients of group A and B, respectively.

Hybrid fixation improved AVBHr, SKA, SCE, but PVBHr

only in group B. VAS and SF-36 improved postoperatively

in the patients of both groups. Short-segment construct

with the novel KIVA implant restored better than BK-

fractured lumbar vertebral body, but this had no impact in

functional outcome. Since there was no leakage difference

between PMMA and calcium phosphate and no short-term

adverse related to PMMA use were observed, we advice

the use of PMMA in fresh traumatic lumbar fractures.

Keywords Lumbar fractures � Osteoporosis � KIVA �
PMMA � Calcium phosphate � Balloon kyphoplasty

Introduction

Posterior segmental spinal instrumentation [1] over short

lumbar spinal area has proved to decrease the number of

vertebrae included in the fusion, preserving free lumbar

motion segments cephalad and caudal to the fusion. The

latter decreases—at least theoretically—the likelihood for

future adjacent segment degeneration.

Previous papers [2, 3] reporting on short-segment thora-

columbar spinal fixation referred on a high prevalence of

early instrumentation failure, high rate of screw breakage

and progressive loss of intraoperatively achieved reduction,

particularly in the presence of high vertebral body commi-

nution [3]. The possible explanation for these complications

seems to be the lack of adequate anterior spinal column

support, that is, an essential feature of severely compressed

A2- and A3/AO-type lumbar fractures. Under this anterior

vertebral column insufficiency, the fractured vertebral body

cannot heal, and thus, a supplementary load-sharing through

anterior column reconstruction and support is needed.

Combined anterior plus posterior surgery short pedicle

screw fixation and anterior replacement with mesh cage in

fresh traumatic L2–L4 A3 fractures was reported to be

associated superior roentgenographic vertebral body resto-

ration, but not better clinical outcome compared to those

achieved with short-segment pedicle screw fixation alone [4].

The development of transpedicular, inflatable balloons

(BK), implantable stents or other reinforcement devices [5]

combined with injectable PMMA and bone cement sub-

stitutes has in the recent few years made it possible to

perform a sufficient and safe anterior vertebral column

reconstruction through a percutaneous transpedicular

approach, thus reducing the surgical and morbidity com-

plications associated with a major anterior reconstruction

surgery.
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However, despite the advent of BK, the occurrence of

extracanal, intracanal PMMA leakage remains a signifi-

cant, however, potential disastrous complication with rates

ranging from 7 to 10 % [6].

The null hypotheses of this retrospective comparative

controlled study were as follows: (1) KIVA implant with

low-viscosity PMMA can equally with balloon kyphopl-

asty (BJ) with calcium phosphate restore fractured verte-

bral body; (2) KIVA implant shows similar extracanal bone

cement leakage with BK.

Patients and methods

Two consecutive series of age- and gender-matched

patients suffered from single burst fracture (AO/Type A3)

with load-sharing score (LSS) C6 or severely compressed

(AO/Type A2) fresh L1–L4 fractures, which were opera-

tively treated within 24 h following obvious trauma were

included in this retrospective comparative controlled study.

The exclusion criteria were as follows: osteoporosis,

polytrauma, spinal deformity, malignancy, previous verte-

bral fracture in the same or adjacent vertebrae, and previ-

ous lumbar spine operation. Eligible patients were required

to sign an informed consent form, and the internal review

board approved this study. Neurological assessment was

made on each patient using a rating system based on the

American Spine Injury Association (ASIA) impairment

scale. Back pain intensity was recorded on VAS (10-point

scale). Functional outcome was measured using the SF-36

(role physical and bodily pain domains).

Since calcium phosphate is since more than 4 years not

available in our country, the authors decided to use as

control group (A), the historical series where results have

been already published in 2008 by the same authors [6].

Group A included 18 consecutive patients (8 women, 10

men) aged 64 ± 15, range 25–84 years at surgery

(Table 1). The group (B) included 20 consecutive patients

(11 women, 9 men), aged 65 ± 21, range 25–88 years at

surgery. The patients of group B were subsequently

selected to match to those of group A in diagnosis, age

range and gender and were later operated than the patients

in group A. Older patients were included in the study only

after a thorough investigation of their medical history

excluded the possibility of osteoporosis.

Non-serious associated injuries were recorded in 4/18

and 3/20 patients of group A and B, respectively. Group A

included 11 AO/A3-type and 7 AO/A2-type and Group B

12 type AO/A3 and 8 type AO/A2 fractures. All A3 frac-

tures in both groups were selected to be LSS C 6 on the

basis of CT scan. All 38 patients of both groups underwent

within 24 h following admission either bilateral BK with

calcium phosphate (Group A) or unilateral KIVA implant

plus PMMA (Group B). To our knowledge, KIVA has used

solely in combination with PMMA. Three vertebrae pedi-

cle screw instrumentation and posterolateral fusion using

short longitudinal paravertebral incisions over the facet

joints were added to BK and KIVA in the spines of both

groups.

Supine anteroposterior and lateral roentgenograms of

the thoracic and lumbar spine were taken on admission in

all patients. The following roentgenographic parameters

were evaluated on plain radiographs on admission (supine)

and following surgery (Standing) were Gardner segmental

kyphotic deformity (SKA) [angle formed from the lines

drawn on the lower endplate of the fractured and the upper

endplate of the above adjacent vertebrae], anterior verte-

bral body height ratio (AVBHr) and posterior vertebral

body height ratio (PVBHr) [ratio = the average of the

anterior/posterior vertebral body height of the adjacent

vertebrae above and below the above the fractured verte-

bra]. Imaging assessment was performed using computed

tomography (CT) and/or MRI before surgery.

All patients were examined radiographically on the first

postoperative day, three and 8 months postoperatively with

standing anteroposterior and lateral roentgenograms of the

whole spine. Additional oblique supine roentgenograms and

sitting lateral flexion–extension roentgenograms were tak-

ing 8 months following surgery to assess fusion and stability

of the fused spine. CT scan was made 8 months after index

Table 1 Characteristics in 38

patients who receive hybrid

constructs for A2 and A3

lumbar fractures

Hybrid with BK Hybrid with KIVA

Patients (age ± SD) 18 (64 ± 15)

(8 women, 10 men)

20 (65 ± 21)

(11 women, 9 men)

AO/type A2 fracture 7 8

AO/type A3 fracture 11 12

Patients with incomplete neurological impairment 2 2

Non-serious associated injuries 4 3

Operative time (average, range min) 45 (35–70 min) 40 (25–50 min)

Volume of injected liquid (average, range mL) 4.5 (3–6) 1

Intraoperative blood loss (average, range mL) 50 mL (20–100 mL) 45 mL (25–85 mL)

Observation period (average, range months) 31 (26–42 months) 29 (25–37 months).
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surgery to assess vertebral body healing, spinal fusion pro-

cess and spinal canal clearance and radiolucencies around

PMMA and calcium phosphate bone graft substitutes.

Two independent senior orthopedic radiologists were

asked to evaluate the evolution of intertransverse bony

fusion with the Christiansen’s radiological method [7].

Patients were encouraged to walk wearing a 3-point

fixation brace already on the first day following surgery

and for a period of 4 weeks. Statistical analysis was per-

formed with chi-squared test for nonparametric data com-

parisons, paired/unpaired t test for changes of each

radiographic parameter and correlation coefficient (R) for

comparison between changes of different parameters.

Surgical technique

All surgical procedures were performed under general

anesthesia with endotracheal intubation in a prone position

on the Acromed frame by the same senior spine surgeon

(first author). Continuous neuromonitoring was intraoper-

atively done in all patients. The pedicle screw instrumen-

tation (Pathfinder, Abbot, Austin, TX, USA) included the

adjacent intact vertebra immediately above and below the

fractured vertebra plus intermediate 35-mm-long screws in

the fractured vertebra.

Under image intensifier, a targeting cannulated needle

(Pathfinder, Abbot, Austin, TX, USA) was inserted in each

of the four pedicles of the adjacent non-injured vertebrae.

K-wires of 2 mm are then passed through the 4 cannulated

needles. After removal of the targeting needles, a short

straight skin incision connecting the entry points of the

K-wires on each side was made. Skin incision was fol-

lowed by a longitudinal fascial incision. Identification of

the plane between the multifidus and the longissimus

muscles was easily done to decrease bleeding and unnec-

essary tissue damage [5]. Blunt dissection with the index

fingers was made to deepen the surgical plane down to the

facet joints. Placement of deep shelf holding retractors was

followed by identification of facets and transverse pro-

cesses using electrocautery. Multiaxial, fully cannulated

(5.5–7.5 mm) self-cutting pedicle screws (Pathfinder,

Abbot, Austin, TX, USA) were inserted with extender

sleeves down into the pedicles of the non-fractured verte-

brae above and below the fractured vertebra and subse-

quently removal of all 4 K-wires.

After insertion of all 4 screws in the pedicles of the

adjacent vertebrae augmentation of the fractured vertebra

was performed with either bilateral BK (Kyphon, Inc.,

Sunnyvale, CA, USA) with calcium phosphate (Biomet,

Wehrheim, Germany), in group A or unilateral KIVA

(KIVA, VCF Treatment System, Benvenue Medical, Santa

Clara, CA, USA) with PMMA in group B (Figs. 1, 2).

BK procedure

The position of the cannula in both pedicles was continu-

ously controlled in both planes, and then enlarged with the

use of an access cannula with a trokar plus gentle reaming.

Once the cannula reached the middle third of the fractured

vertebral body, the void was reamed and 2 Kyphoplasty

balloons (Kyphon, Inc., Sunnyvale, CA, USA) were care-

fully inserted and inflated under continuous fluoroscopic

monitoring. Subsequently, liquid Calcibon (Biomet,

Wehrheim, Germany), which is a low-viscosity bone

cement substitute, was injected into the voids produced by

the bilateral balloon inflation.

KIVA procedure

The KIVA (KIVA, VCF Treatment System, Benvenue

Medical, Santa Clara, CA, USA) [8]. is a sterile, single-use

device in which an external delivery handle is used to deploy

the KIVA implant over a nitinol coil guidewire unilaterally

into the vertebral body. The coil is first advanced through the

deployment cannula and into the cancellous portion of the

vertebral body using an external handle (Fig. 3). The KIVA

Fig. 1 a Lateral roentgenogram of 67-year-old male patient who

sustained a L3 type A3 fracture, b lateral standing roentgenogram

(6 months) following KIVA plus short fixation, c preoperative axial

CT showing spinal canal encroachment, d postoperative (6 months)

axial CT showing correct placement of the screws, spinal canal

clearance (arrow) and PMMA containment
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implant, which is comprised of PEEK-OPTIMA (Invibio

Inc., West Conshohocken, PA, USA) and loaded with 15 %

barium sulfate to enhance visibility under fluoroscopy, is

incrementally advanced over the coil to form a nesting,

cylindrical column with an in situ outer diameter of 20 mm.

Surgeon can insert up to four loops of the implant into the

vertebral body for a maximum coil stack height of 12 mm,

which re-elevates the endplate, thereby providing the desired

vertebral fracture reduction. After the coil is retracted,

radiopaque low-viscosity PMMA cement (Tecres, Verona

Italy), usually 1–2 cc per vertebra, depending on number of

PEEK loops inserted is injected through the lumen of the

PEEK implant, thereby interlocking the implant to the ver-

tebral body cancellous bone. The manufacture’s instructions

regarding KIVA surgical technique require PMMA in low-

viscosity (Tecres, Verona Italy) form because bone cement

is injected through a 1.1-mm-thick, 10-cm-long delivery

needle directly into the PEEK implant, and PMMA in high

viscosity could not be injected. Additionally, the injected

PMMA into the PEEK implant creates a uniform cylindrical

column in the anterior and partially middle vertebral column

that safeguards PMMA containment (Fig. 1).

Subsequently, two 35-mm-long cannulated 5.5-mm

Pathfinder (Abbot, Austin, TX, USA) pedicle screws were

inserted into the pedicles of the fractured vertebra through

which BK (bilaterally) or KIVA (unilaterally) has been

performed to increase the stability of the construct.

Selecting the appropriate rod length with rod callipers

and appropriate contouring of the rod, the rod was inserted

through the end screw extender sleeve (end vertebrae) and

middle screw extender sleeve (fractured vertebra) with a

sleek handle rod holder, and the position was controlled

with image intensifier.

Reduction of the rod into the screw tulip is finally done

using forceps reducer. The closure top is tightened provi-

sionally in all screws. The position of the rod was con-

trolled with image intensifier and subsequently further

tightening the closure top fully to shear and remove all

screw extender sleeves. After screw and rod implantation,

the exposure of facet joints and transverse process out to

the lateral tips with Cobb elevator and application of

Calcibon granules (Biomet, Wehrheim, Germany). No

drain was applied in any patient since there was no

bleeding during wound closure.

Results (Table 1)

The operative time was less in group B (P \ 0.05).

The volume of injected liquid Calcibon (Group A) per

vertebra was less than PMMA in group B (P \ 0.001).

No difference in total intraoperative blood loss was

measured. (P [ 0.5).

Fig. 2 a Lateral roentgenogram of 61-year-old female patient with

LI-type A2 fracture, b standing lateral roentgenogram (6 months)

showing sufficient reduction in vertebra body height and wedge

deformity after bilateral calcium phosphate augmentation and pedicle

screw fixation, c Axial CT (6 months) postoperatively showing

irregular distribution of bone cement

Fig. 3 Kiva VCF treatment system, a coil, b PEEK implant,

c delivery device
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The hospital stay averaged 1.5 days (range, 1–3 days)

for the patients of both groups.

Functional results (Table 2)

No differences between the individuals of group A and B

were shown in the baseline and postoperative back pain

VAS scores. Baseline VAS score in both groups improved

significantly postoperatively (Table 2). No further changes

in VAS score were shown in the patients of both groups.

Preoperative role physical (SF-36) scores improved

significantly postoperatively in the patients of both groups

(Table 2). No further changes in SF-36 domain scores in

both domains were reported in both groups.

All 4 patients in both groups with incomplete neuro-

logical impairment improved after surgery to ASIA D & E.

Radiological results

Preoperative SKA values were significantly correlated with

preoperative AVBHr in both groups (Table 3).

No difference in baseline AVBHr, PVBHr and SKA

values between the groups was disclosed (Table 3).

No difference between the two groups was shown in

postoperative SKA values.

There was no significant postoperative difference in

AVBHr and PVBHr between the groups.

SKA was reduced postoperatively significantly in the

spines of groups (Table 3).

At the final observation, SCE was reduced in a higher in

the spines of group B (Table 3).

No measurable loss of correction in SKA, AVBHr,

PVBHr and SCC was measured at the latest short-term

observation in the spines of both groups.

Fusion evaluation

The average radiographic score regarding intertransverse

fusion according the Christiansen’s radiological method [7]

did not differ between two groups, and it was 2.6 (range,

2–3) for group A and 2.7 (range 2–3) for the spines of

group B.

At the follow-up evaluation oblique, bending roentgen-

ograms and CT-bone scans disclosed osseous continuity in

intertransverse fusion mass and facet joints 8 months fol-

lowing surgery in the spines of both groups.

CT scan revealed a remarkable containment of PMMA

within the PEEK (Fig. 1) implant that was not evident with

calcium phosphate location in the vertebral bodies aug-

mented with BK (Fig. 2).

There were no CT scan evidences for radiolucencies

around and cracks within either calcium phosphate or

PMMA.

Complications

No significant medical and surgical complications were

observed in the patients of both groups (Table 4).

Leakage rate either anteriorly or into the adjacent

superior disc to the augmented vertebral body did not

differ between the two groups (P [ 0.2) and showed no

sequelae.

The 5 medially or lateral misplaced screws (Table 3)

were not associated with clinical neurovascular sequelae;

all occurred in adipose individuals (BMI [ 35).

Discussion

The null hypotheses of this retrospective comparative

controlled study between a historical BK series a new

consecutive patients’ series with the novel KIVA implant,

reinforced with short posterior pedicle screw construct

were as follows: (1) KIVA PEEK implant with low-vis-

cosity PMMA can equally with BJ with calcium phos-

phate restore fractured vertebral body; (2) KIVA implant

shows similar bone cement leakage with BK with calcium

phosphate.

The present study justified both hypotheses. Although in

both series, low-viscosity PMMA and low-viscosity cal-

cium phosphate bone cement substitute were used, no in-

tracanal leakage occurred in any patient. Furthermore, CT

scan disclosed an impressive containment of PMMA in

Table 2 Comparative functional outcome data pre-to postoperatively in 38 patients with lumbar fractures who received either BK (Group A) or

KIVA (Group B)

Group VAS score SF-36

Role physical Bodily pain

Preop Postop P value Preop Postop P value Preop Postop P value

A 7.6 ± 2 3.1 ± 2.3 0.001 35 ± 15 80 ± 20 0.001 25 ± 11 85 ± 17 0.001

B 7.2 ± 3 3 ± 2 0.002 38 ± 17 77 ± 18 0.001 22 ± 10 81 ± 13 0.001
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almost all cases within the PEEK implant.(KIVA). This

seems to be an advantage of the novel KIVA implant [8].

The possible mechanisms of leakage either into the

spinal canal or extracanally have been adequately previ-

ously discussed [8–10]. In most of the A3 fractures and

several of the A2 fractures, the adjacent disc may be rup-

tured, while the superior endplate of the fractured vertebral

body and anterior plus lateral vertebral body walls are often

fractured [9, 10]. During low-viscosity cement injection,

leakage may occur out of the vertebral body either ante-

riorly, laterally or to the disc through the clefts of the

fractured vertebral body and endplate. Regarding the KIVA

implant, as it was mentioned in the materials and methods

section, is consistent with PEEK and is incrementally

advanced over a guide coil to form a nesting, cylindrical

column of a diameter of 20 mm. Surgeon can under fluo-

roscopy insert 1–4 loops of the implant cautiously into the

fractured vertebral body, depending on the vertebral bone

density and resistance, for a maximum coil stack height of

12 mm. Since the PEEK is delivered parallel to the

depressed endplate, it re-elevates smoothly the endplate,

thereby providing the desired vertebral endplate reduction.

Thus, KIVA implant does not penetrate the disc or end-

plates to allow for PMMA extravasation. Furthermore, the

cylindrical column that if formed by the PEEK collects

PMMA inside the nest formed by the PEEK.

However, on the basis of both preoperative roentgeno-

grams and CT images, surgeon may suspect the possible

leakage ways out for PMMA and calcium phosphate.

Parameters as high vertebral body comminution, that is

commonly seen in A3 fractures and use of low-viscosity

bone cement may predispose to extravertebral leakage.

In an experimental study, Bohner et al. [11] defined a

model that could predict what factors affect the risk of

cement extravasation and how to minimize cement

extravasation. The model predicted that the extravasation

risk was decreased when the cement viscosity, the bone

pore size, the bone permeability and the bone porosity were

increased, and when the diameter of the extravasation path

and the viscosity of the marrow were decreased.

The aim of this was twofold; first to compare two aug-

mentation devices (novel KIVA and historical balloon

kyphoplasty) in reducing A2 and A3 traumatic lumbar

fractures and secondly to compare two bone cements of a

similar viscosity regarding cement leakage.

Table 3 Comparative radiological data pre-to postoperatively in 38

Patients with lumbar fractures who received either BK (group A) or

KIVA (Group B). Data in Group A adapted from Minimal Invasive

Short Posterior Instrumentation plus Balloon Kyphoplasty with

Calcium Phosphate for Burst and Severe Compression Lumbar

Fractures. (Spine) Korovessis P. et al. with permission from Wolters

Kluwer Health

Group AVBHr PVBHr

Preop Postop P value Correction (%) Preop Postop P value Correction (%)

A 0.58 ± 0.16 0.85 ± 0.12 0.0000002 63.4 ± 82.7 0.93 ± 0.09 0.97 ± 0.05 0.10 5.05 ± 7.9

B 0.66 ± 0.17 0.85 ± 0.13 0.000027 37.3 ± 35.5 0.88 ± 0.1 0.94 ± 0.05 0.02 10.1 ± 13.8

Intergroup P value 0.16 0.83 0.23 0.11 0.11 0.24

Group SKA SCE

Preop Postop P value Changes (Degree) Changes (%) Preop Postop P value Spinal canal Clearance (%)

A 16 ± 9.15 3.3 ± 7.6 0.0005 14.8 ± 6.62 74.1 ± 22 25.6 ± 20 19.4 ± 17.8 0.01 41 ± 34

B 11.2 ± 7.2 6 ± 4.7 0.015 5.38 ± 4.2 51.4 ± 24 30.7 ± 28.5 11.8 ± 17 0.02 78 ± 23

Intergroup P value 0.085 0.31 0.000004 0.023 0.53 0.22 0.02

All values are shown as average ± standard deviation

AVBHr anterior vertebra body height ratio, PVBHr posterior vertebra body height ratio, SKA segmental kyphosis angle, SCE spinal canal encroachment

Table 4 Complications in 38 patients who received hybrid fixation

for fresh non-osteoporotic fractures

Group A Group B P value

General

Intraoperative hypotension No No

Cardiogenic side effects No No

Pulmonary embolism No No

Surgical

PMMA/calcium phosphate

leakage

4/18*

(22 %)

3/20*

(15 %)

0.02

Screw misplacement 3/108**

(2.8 %)

3/120**

(1.7 %)

\0.01

Superficial wound infection 1 0

Deep infection 0 0

Neurological injury 0 0

Implant failure 0 0

Adjacent segment fracture 0 0

* Per patient

** Per veretbra
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Biologic bone cement substitutes have been used to

reduce potential PMMA-related adverse reaction in young

adults and vertebral body healing and biologic incorpora-

tion within the healed cancellous bone of the vertebral

body. Neither adverse short-term reaction related to

PMMA were shown in the individuals of KIVA group, or

disturbance of the course of vertebral bone healing by the

presence of either calcium phosphate or PMMA, while

there was no evident incorporation of calcium phosphate in

the spines of BK group. In other words, no clear advantage

in the use of calcium phosphate over PMMA was shown in

this comparative study.

However, from the results achieved in this study, we

assume that KIVA with PMMA could be a promising and

eventually safer procedure in the future, not only for

osteoporotic fractures, but even for young adults with fresh

burst and severely compression fractures. Since there was

no resorption signs in CT scans around both PMMA and

calcium phosphate, while PMMA has been used for many

years in cemented total hip arthroplasties in young adults

without negative long-term side effects, we believe that

PMMA that is cheaper than calcium phosphate may be

considered for vertebral augmentation either as stand-alone

or as hybrid fixation as in the present series.

Although both techniques significantly restored the

reduced anterior vertebral body height and segmental ky-

phosis, only the KIVA implant restored significantly the

posterior vertebral body height, and this should be due to

the symmetrical elevation of the superior depressed verte-

bral endplate. The latter seems to be a significant advantage

of the novel KIVA implant [8]. Although this radiological

advantage seems to be of clinical importance for A3 frac-

tures, where the middle column is disrupted and needs

stabilization, long-term studies are needed to prove if this

radiological advantage of KIVA has any clinical relevance

(pain reduction, reduction of adjacent segment degenera-

tion/fracture incidence etc.)

The addition of short pedicle screw fixation secured

immediately the vertebral body augmentation achieved by

KIVA and BK against compression and rotational forces

safeguarding early mobilization and uneventful vertebral body

healing and fusion. Thus, no measurable loss of correction was

shown at the short follow-up evaluation in any patient.

The significant numerical decrease in posttraumatic pain

(VAS) and the improvement of functional outcome (SF-36) in

all patients received either technique justified the importance

of using less invasive techniques along with 360� spinal

reconstruction via posterior approach solely, decreasing

morbidity that usually associates anterior major surgery [4].

More often vertebroplasty and less commonly BK may

be associated with PMMA extravasation that infrequently

results in pulmonary embolism [12], deep-seated infection

[13], postprocedure acute respiratory distress syndrome

[14], palsy [15] and death [16]. None of these complica-

tions occurred in the 38 patients in both groups. The causes

of these complications have been already previously

described [12, 13, 14, 15, 16].

Harmless extracanal cement leakage following short

pedicle screw fixation combined with BK for thoracic and

lumbar burst fractures was previously reported in 25 %

cases [9].

Although contemporary short-segment pedicle screw

constructs stabilize immediately postoperatively all three

vertebral columns, these constructs have been associated

with a considerable rate of implant failure and subsequent

correction loss, and thus, the addition of posterolateral

fusion was debated [2, 3, 17, 18, 19, 20, 21]. A pro-

spective study [20] compared two series of patients

operated with posterior short-segment fixation with/with-

out addition of iliac bone graft and postulated that fusion

is not necessary. Another study [21] compared short-

segment pedicle screw fixation with/without fusion for A3

burst fractures with minor comminution (LSS \ 6) and

reported good results. In all 38 patients in our study, the

addition of posterolateral fusion to short instrumentation

was justified because there were 16 type A3 with LSS C 6

and 12 Type A2 fractures with severe compression, and

no instrumentation failure was observed until the final

short-term observation.

Some authors reported 64 % kyphosis correction with

contemporary transpedicular grafting and short pedicle

fixation techniques [22, 23]. In our study, the achieved

kyphosis correction ranged from 51 to 74 %, within the

previously reported rate range.

It was previously reported an average 65 % spinal canal

clearance following transpedicular vertebral body grafting

[17]. In our series, the spinal canal clearance following A3

lumbar fracture reduction and augmentation ranged from

41 to 78 %, within the previously reported rates.

In accordance to previous similar [9] studies, this study

clearly showed that BK and KIVA can safely reduce not

only osteoporotic fractures in elderly, but also traumatic

severely compressed A2 fractures and burst A3 fractures

with moderate spinal canal encroachment and load-sharing

score C6.

Regarding safety in terms of bone displacement and

cement leakage associated with BK in vertebral fractures, a

cadaver study [10] showed that in the presence of pedicle

screw instrumentation, BK may be safely used, even in

fracture types where longitudinal ligaments is damaged.

Although the long-term failure of cemented total hip

arthroplasty components was partially due to the use of

PMMA, there are no known long-term adverse effects with

the use of PMMA in vertebral fractures, and thus, the

reported complications with the use of PMMA in spine

surgery were related mostly to extravertebral cement
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leakage solely [24]. Self-hardening calcium phosphate

bone cements have been developed as alternative to over-

come short-term and possibly long-term side effects asso-

ciated with the use of PMMA [5, 25, 26].

There are some mechanical differences between BK and

KIVA. BK facilitates direct vertebral body height reduction

using locally acting distraction/reduction forces applied by

the balloons to all directions, theoretically also to the spinal

canal in A3 fractures. The PEEK implant in KIVA elevates

the endplate in A2 and A3 lumbar fractures without

simultaneous pushing bone fragments in A3 fractures

posteriorly to the spinal canal [8].

Segmental posttraumatic kyphosis in fresh lumbar

fractures is sufficiently reduced by positioning of the

patient in prone lordotic position on the Acromed frame.

Additionally, BK balloons and KIVA PEEK implant with

bone cement reduce and stabilize the fractures [8].

The use of intermediate screws in the fractured and

augmented vertebra mechanically act as cross-link that

further stabilizes the construct. Intermediate screw inser-

tion in A3 fractures that are augmented with BK was

proved to be safe without reported retropulsion of the

fragments into the canal [6, 27].

In elderly, the rate of new vertebral fractures following

BK as stand-alone technique is 26 %, with 63 % depending

on the duration and nature of the follow-up [28]. No

adjacent fractures were observed in the mid-term follow-up

observation in any group in our study. We speculate that

the reasons for lacking new fractures in our two series were

the relative young population with traumatic, non-osteo-

porotic fractures and the use of hybrid pedicle screw and

BK/KIVA construct that restored vertebral body height and

reduced local posttraumatic kyphosis.

Although MIS techniques preserve back muscles [29],

they may be associated with neurological complications

due to pedicle screw malpositioning. A CT-study [30]

disclosed 23 % pedicle penetration rate with 3.3 % severe

frank screw penetration during MIS surgery. Furthermore,

percutaneous placement of pedicle screws was associated

with 14 % misplacement rate in normal weighted individ-

uals, while it was much higher (22.6 %) in overweight

patients [30]. In our series, 3/108 screws of Group A and

3/120 of group B were medially misplaced on postopera-

tive CTs without, however, any clinical complaints. In

accordance to these papers [29–31], all malpositioned

screws in our series occurred in overweighed patients.

There are two limitations in this retrospective study: the

use of different bone cements does not allow for direct

comparison BK and the novel KIVA regarding efficacy in

vertebral reduction. However, this comparison has been

recently published and it was in favor of KIVA in osteo-

porotic fractures as ‘‘stand-alone’’ [32]. Another limitation

is the lack of evidences regarding long-term effects of

PMMA in the spine of young adults. However, in our

study, no short-term PMMA-related side effects were dis-

closed, while calcium phosphate was not shown in our

comparative study to be of advantageous over PMMA.

Based on the short-term results of this comparative

study, we advocate the use of the novel KIVA implant with

PMMA and short pedicle screw construct in patients with

fresh traumatic burst and severely compressed fractures.

Although the clinical and radiological results of this com-

parative study are promising, clinical and radiological

studies with longer observation periods and comparisons

with conservatively treated patient series are required to

support the longevity of this KIVA implant with PMMA.
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