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Purpose: Thoracolumbar vertebral compression fractures (VCFs) are a leading cause of kyphosis and related
biomechanical complications, often resulting in chronic back pain and reduced function. Balloon kyphoplasty has
been widely used as a minimally invasive intervention to provide pain relief and restore vertebral height. The Spine-
Jack system is a relatively novel technique that introduces mechanical distraction, offering potentially enhanced
vertebral restoration. This study aims to compare these two effective treatments for thoracolumbar fractures.
Materials and Methods: This study analyzed 30 patients with thoracolumbar VCFs surgically treated, using the
Spine-Jack system (n=10) or balloon kyphoplasty (n=20). Back pain was evaluated as VAS pain score and functional
disability was assessed with Oswestry Disability Index (ODI) preoperatively and immediately postoperatively.
Radiological outcomes were measured on plain lateral X-rays, including vertebral height restoration, segmental
kyphosis angle, and sagittal vertical axis (SVA). Complications, such as cement leakage and adjacent vertebrae
fractures, were recorded. Continuous variables - with t-tests and categorical variables- with chi-square tests, were
analyzed. P-value less than 0.05 was considered statistically significant.

Results: Both the Spine-Jack system and balloon kyphoplasty were effective in reducing back pain and improving
patients’ function, with significant improvements in VAS and ODI scores. However, the Spine-Jack system
demonstrated superior vertebral height restoration (85% vs. 72%, p=0.03) and segmental kyphosis angle correction
(12° vs. 9°, p=0.032) when compared to balloon kyphoplasty. Complication rates were all low and comparable
between the two groups.

Conclusions: Although the Spine-Jack system and balloon kyphoplasty are all effective for thoracolumbar VCFs,
the Spine-Jack system offered superior radiological outcomes in selected cases. Further studies may explore their
complementary roles in managing thoracolumbar VCFs.

Keywords: Thoracolumbar compression fractures, Spine-jack, Kyphoplasty, Vertebral height restoration, Minimally
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problems -such as chronic back pain, functional impair-
ment, and further deformity progression- can hinder daily
life in patients with VCFs.”® In these cases, minimally inva-
sive interventions like kyphoplasty are widely used for their
effectiveness in pain relief, vertebral height restoration, and
correction of kyphotic deformity. Balloon kyphoplasty, with
its established reliability, has been the standard of care for
many years.”)

However, with advancements in medical technology, a
relatively novel technique - the Spine -Jack system has been
introduced as an alternative. While balloon kyphoplasty
has established efficacy through many studies, this system
employs mechanical distraction to enhance vertebral height
restoration and segmental kyphosis correction, potentially
offering improved outcomes in specific clinical scenari-
0s./ %"

This study aims to compare the effectiveness of kypho-
plasty with the relatively novel Spine-Jack system in manag-
ing thoracolumbar VCFs. We tried to compare the clinical
and radiological outcomes of both treatments for thoraco-
lumbar VCFs, highlighting their effectiveness and potential

advantages.

Materials and Methods

This study was approved by the institutional review board
at our institution (IRB file no. 4-2024-1436).

1, Study Design

This study is a retrospective observational study of VCF
patients treated with kyphoplasty between June 2024 and
December 2024. Adults aged from 50 to 85 years old with
single-level thoracolumbar VCFs (from T10 to L2) caused
by osteoporosis or trauma were included in the study. Pa-
tients with pathological fractures, multilevel VCFs, prior
spine surgery done at the fracture level, or patients who
had other systemic contraindications to surgical procedures
were all excluded.

The patients underwent kyphoplasty surgery if they
showed compression deformation between 30-60% and ex-
perienced severe back pain persisting after more than three
weeks of conservative treatment. Among the 30 patients

who underwent kyphoplasty surgery, 10 patients were treat-
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ed with the Spine-Jack system, and the rest (20 patients)
were treated with ordinary balloon kyphoplasty.

2. Surgical Procedure:

1) Spine-Jack system

The procedure starts with bilateral pedicular access under
fluoroscopic guidance. The Spine-Jack® system (VEXIM,
a Stryker Company, France) was used, consisting of a tita-
nium implant designed for mechanical distraction. Once
inserted into the vertebral body, the device was expanded
incrementally to restore vertebral height. PMMA bone ce-
ment (SpinePlex®, Stryker) was injected in equal volumes of
2 cc on each access- 4 cc in total- through the access can-
nula to stabilize the restored vertebra and prevent further

collapse (Fig. 1).

2) Balloon kyphoplasty

The kyphoplasty procedure also starts with bilateral
pedicular access under fluoroscopic guidance. The Ky-
phon® Balloon Kyphoplasty System (Medtronic, USA) was
used. Balloon tamps were inserted into the vertebral body
through each access cannula and balloons were inflated to
create a cavity and restore vertebral height. Once the de-
sired cavity size was achieved, balloons were deflated and
removed. PMMA cement (Kyphon HV-R®, Medtronic) was
injected in equal volumes of 2 cc on each access- 4 cc in to-
tal- through the access cannula to stabilize the vertebra and

maintain height restoration (Fig. 2).

3. Radiological and clinical outcome measurements

Vertebral height was measured on plain lateral X-rays
preoperatively and immediately postoperatively as the an-
terior vertebral body height of the fractured vertebra. The
anterior vertebral height was defined as the vertical distance
between the anterior superior endplate and the anterior
inferior endplate. Height restoration was definted as a per-
centage increase from the preoperative vertical height to the
immediate postoperative vertical height, relative to the esti-
mated normal vertical height. The estimated normal height
was calculated by averaging the corresponding vertical
heights of the unaffected adjacent vertebrae (one level above

and below the fractured vertebra).
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Fig. 1. Intraoperative radiographic images of kyphoplasty using the Spine-Jack system.

(A) Fluoroscopic lateral image of pedicular access to the vertebral compression fracture. (B) Reaming of vertebral body to acquire enough space
for titanium implant. (C) Insertion of titanium implant into the vertebral body. (D) Incremental restoration of vertebral height by expanding the
implant cranio-caudally. (E) Same procedure done through contralateral pedicular access. (F) Insertion of PMMA cement for stabilization.

Fig. 2. Intraoperative radiographic images of balloon kyphoplasty.
(A) Fluoroscopic lateral image of bilateral pedicular access to the vertebral compression fracture. (B) Insertion of balloon tamps into the vertebral body. (C) Incremental
inflation of balloon tamps to restore vertebral height After achieving the desired cavity size, balloon tamps are deflated and removed. (D) Insertion of PMMA cement to the
cavity for stabilization.

1) The formula used was

Height Restoration (%)=[(Postoperative Height-Preopera-
tive Height) / Estimated Normal Height]x100

Segmental kyphosis angle was measured using the Cobb’s
angle between the superior endplate one level above the
fractured vertebra and the inferior endplate one level below
the fractured vertebra. The Sagittal Vertical Axis (SVA) was

measured using the distance from the C7 plumb line to the
posterior superior corner of the sacrum, which indicates the
global sagittal alignment of a patient.

Clinical outcomes were evaluated by measuring improve-
ments in back pain using the Visual Analog Scale (VAS) and
functional disability using the Oswestry Disability Index (ODI),
recorded preoperatively and immediately postoperatively.
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2) Statistical analysis

Statistical analysis was conducted using t-tests for continu-
ous variables, such as VAS and ODI scores, and chi-square
tests for categorical variables, such as complication rates. Data
were analyzed using SPSS Statistics version 28.0 (IBM Corp.,
Armonk, NY, USA). P-values were reported to three decimal

places, with statistical significance defined as p-value<0.05.

Results

In this study, the demographic characteristics of patients
treated with the Spine-Jack system and balloon kyphoplasty
were comparable without a statistically significant differ-
ence. The average age was 68.417.2 years in the Spine-Jack
system group and 69.8+6.5 years in the balloon kyphoplasty
group (p=0.652). The gender distribution also showed no
significant difference, with a female-to-male ratio of 6:4 in
the Spine-Jack system group and 14:6 in the balloon kypho-
plasty group (p=0.743). The severity of osteoporosis mea-
sured as Bone Mineral Density (BMD) was similar between

the two groups, with values of -2.4+0.5 g/cm?® and -2.3+0.4

Table 1. General demographics

Variable Spine Jack (n=10)  Kyphoplasty (n=20) p-value
Mean age (years) 68.4+7.2 69.846.5 0.652
Gender (F/M) 6/4 14/6 0.743
BMD? (g/cm?) -2.4+05 -2.3+0.4 0.581
Fractured level T12(5), L1(3),L2(2) T12(8),L1(8), L2 (4)

Procedure time (min) 35.445.6 30.846.1 0.014

“BMD: Bone Mineral Density.

g/cm?, respectively (p=0.581). The mean procedure time
was significantly longer in the Spine-Jack system group at
35.4+5.6 minutes compared to 30.8+6.1 minutes for balloon
kyphoplasty (p=0.014) (Table 1).

Both techniques demonstrated substantial improvements
in clinical and radiological outcomes. For clinical outcomes,
back pain VAS scores were significantly reduced in both
groups, from 8.1+0.8 preoperatively to 2.3£0.6 postopera-
tively in the Spine-Jack system group, and from 8.0+0.7 to
2.5£0.5 in the balloon kyphoplasty group (p<0.01). Similar-
ly, ODI scores improved significantly, with reductions from
72+10 to 2848 in the Spine-Jack system group and from
7149 to 3047 in the balloon kyphoplasty group (p<0.01).

Radiological outcomes also showed better results for the
Spine-Jack system. Vertebral height increased from 18.3+2.2
mm to 25.2+2.1 mm in the Spine-Jack system group, result-
ing in a height restoration of 37.70+4.3%. In the balloon ky-
phoplasty group, vertebral height improved from 18.5+2.3
mm to 23.4+2.2 mm, resulting in a height restoration of
26.67+3.7%. The difference in height restoration percent-
age between the two groups was statistically significant with
a p-value of 0.035. Segmental kyphosis angle correction,
measured as an improvement in Cobb’s angle, was more
pronounced in the Spine-Jack system group. The segmental
kyphosis angle decreased from 18.2+3.5° to 5.8+1.2° in the
Spine-Jack system group, while it decreased from 17.9+3.3°
to 8.8+1.5° in the balloon kyphoplasty group (p=0.028).
Sagittal Vertical Axis (SVA) also showed statistically signifi-
cant improvement in the Spine-Jack system group, decreas-
ing from 30.4+4.2 mm to 24.6+3.8 mm, when compared to

the balloon kyphoplasty group, decreasing from 30.8+4.1

Table 2. Preoperative and postoperative clinical and radiological outcomes for the spine jack and Kyphoplasty groups

Outcome Preoperative spine jack Postoperative spine jack Preoperative kyphoplasty Postoperative kyphoplasty ~ p-value
VAS Score” 8.10.8 2.3:06 8.0:0.7 2505 <0.01
0DI” (%) 72410 288 719 30+7 <0.01
Vertebral height (mm) 18.3£2.2 252421 18.5£2.3 23.442.2 0.035
Height restoration (%) 37.70+4.3 26.67+3.7 0.032
Cobb's angle (°) 18.2+3.5 5.8+1.2 17.943.3 8.8+1.5 0.028
SVAY (mm) 30.4+4.2 246+3.8 30.8+4.1 26.2+£3.9 0.041

“\VAS: Visual Analog Scale, "0DI: Oswestry Disability Index, “SVA: Sagittal Vertical Axis.
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mm to 26.2£3.9 mm (p=0.041) (Table 2).

Regarding complications, both techniques were gener-
ally safe. The Spine-Jack system group had one case of as-
ymptomatic cement leakage, while the balloon kyphoplasty
group experienced three cases of cement leakage, one of
which was symptomatic but resolved after conservative

treatment.

Discussion

Kyphoplasty has long been established as an effective

minimally invasive treatment for thoracolumbar vertebral
compression fractures (VCFs). It provides reliable pain re-
lief and functional improvement by stabilizing fractures and
partially restoring vertebral height.”"*"” Our study showed
that, although both procedures effectively reduced pain
and improved functional outcomes, the Spine-Jack system
achieved significantly superior radiological improvements,
particularly in vertebral height restoration and segmental
kyphosis angle correction.

One of the key advantages of the Spine-Jack system is its
ability to provide uniform mechanical distraction during

Fig. 3. Preoperative/Postoperative radiographic image of the Spine-Jack system.

(A, C) Preoperative plain anterior to posterior. (B,D) Postoperative plain lateral x-ray of the patient underwent kyphoplasty with the Spine-Jack
system. (E, G) Preoperative. (F, H) Postoperative CT sagittal cut of the same patient. Notice the appropriate anterior vertebral height restoration (E,
F) and segmental kyphosis angle correction. (G, H) after using the Spine-Jack system for kyphoplasty.
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the procedure (Fig. 3). In this study, the Spine-Jack sys-
tem group demonstrated a vertebral height restoration of
37.70%, significantly higher than the 26.67% observed in
the balloon kyphoplasty group. This result shows agreement
with previous studies, which emphasize the mechanical ad-
vantage of the Spine-Jack system in restoring vertebral body
integrity."*'” This is also proven by cadevaric study con-
ducted by Kriiger et al. On 24 vertebrae of two intact, fresh
human cadaveric spines, vertebral wedge compression frac-
tures were made with a material testing machine. Anterior
vertebral height was reduced to 40% of the initial size and
each vertebra was placed on 100N loading frame. Among 24
vertebrae, 12 vertebral bodies were treated with the Spine-
Jack system while the remaining 12 vertebral bodies were
treated using balloon kyphoplasty. The anterior/central and
posterior height restoration were all significantly higher in
the Spine-Jack system group.'”

Furthermore, the superior correction of segmental ky-
phosis in the Spine-Jack system group, which is evident by a
greater reduction in segmental Cobb’s angle (12.4° vs. 9.1°,
p=0.028), underscores its ability to correct sagittal align-
ment more effectively than balloon kyphoplasty, which
agrees with other previous studies.”” This improvement has
critical implications for reducing long-term biomechanical
stress and the risk of adjacent segment degeneration after-
ward.

Despite its advantages, the Spine-Jack system was associ-
ated with a slightly longer procedure time (35.4+5.6 minutes
vs. 30.8£6.1 minutes, p=0.014). This statistically significant
difference may be attributable to the additional steps re-
quired for precise device placement and controlled distrac-
tion. Furthermore, the cost of the Spine-Jack system is rela-
tively higher when compared to balloon kyphoplasty, which
may hinder its broader adoption. Additionally, the reaming
process required for implant placement in the Spine-Jack
system may cause more intraoperative discomfort or pain,
potentially requiring additional anesthesia management.'”
Importantly, the complication rates were low and compa-
rable between the two groups. The Spine-Jack system group
had one case of asymptomatic cement leakage, whereas the
balloon kyphoplasty group experienced three cases, includ-
ing one symptomatic event. This finding supports the safety

of both procedures and maybe the Spine-Jack system poten-
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tially offers more controlled cement application.

The improved radiological outcomes of the Spine-Jack
system may imply better long-term patient satisfaction
and functional outcomes, although this requires valida-
tion through extended follow-up studies. Additionally, the
greater kyphosis correction observed with the Spine-Jack
system could reduce the risk of chronic pain and deformity

progression, further enhancing its clinical utility.

1. Limitations

This study is limited by its small sample size (n=30) and
short follow-up period, which only captured immediate
postoperative outcomes. Long-term follow-up is necessary
to assess the durability of radiological improvements, the
impact on adjacent segment degeneration, and overall pa-
tient satisfaction.'” Additionally, larger multicenter studies
are needed to validate these findings across diverse patient

populations.'”*”

Conclusions

Spine Jack demonstrates similar or superior outcomes
when compared to balloon kyphoplasty for thoracolumbar
VCFs, particularly in height restoration and kyphosis cor-
rection. Future research with larger cohorts and extended
follow-up is necessary to confirm these findings and evalu-

ate long-term outcomes.

REFERENCES

1. Melton LJ 3rd. Epidemiology of spinal fractures. Spine.
1997;22(24 Suppl):2S-118.

2. Cooper C, Atkinson EJ, O’Fallon WM, Melton LJ 3rd.
Incidence of clinically diagnosed vertebral fractures: a
population-based study in Rochester, Minnesota, 1985-
1989. ] Bone 1 Joint Surg Am. 1992;74(6):848-52

3. Miao KH, Miao JH, Belani P et al. Radiological Diagno-
sis and Advances in Imaging of Vertebral Compression
Fractures. ] Imaging. 2024 Sep 28;10(10):244.

4. Kyphosis - Symptoms and Causes. Mayo Clinic. 2024.
Sep 28. Available from: https://www.mayoclinic.org/
diseases-conditions/kyphosis/symptoms-causes/syc-
20374205.



10.

11.

12.

13.

JOURNAL OF ADVANCED SPINE SURGERY
_____________________________________________________________________________________________________________________|

. Yaman O, Zileli M, Sentiirk S, Paksoy K, Sharif S. Ky-

phosis After Thoracolumbar Spine Fractures: WENS
Spine Committee Recommendations. Neurospine.
2021 Dec;18(4):681-92.

. Patel D, Liu J, Ebraheim NA. Managements of osteo-

porotic vertebral compression fractures: A narrative
review. World J Orthop. 2022 Jun 18;13(6):564-73.

. Wardlaw D, Cummings SR, Van Meirhaeghe J, et

al. Efficacy and safety of balloon kyphoplasty com-
pared with non-surgical care for vertebral compres-
sion fracture: a randomised controlled trial. Lancet.
2009;373(9668):1016-24.

. Buchbinder R, Johnston RV, Rischin KJ et al. Percutane-

ous vertebroplasty for osteoporotic vertebral compres-
sion fracture. Cochrane Database Syst Rev. 2018 Nov
6;11(11):CD006349.

. Rousing R, Andersen MO, Jespersen SM, Thomsen K,

Lauritsen J. Percutaneous vertebroplasty compared to
conservative treatment in patients with painful acute
or subacute osteoporotic vertebral fractures: three-
months follow-up in a clinical randomized study. Spine
(Phila Pa 1976). 2009 Jun 1;34(13):1349-54.

Premat K, Vande Perre S, Cormier E et al. Vertebral
augmentation with the SpineJack® in chronic vertebral
compression fractures with major kyphosis. Eur Radiol.
2018 Dec;28(12):4985-91.

Rotter R, Schmitt L, Gierer P et al. Minimum cement
volume required in vertebral body augmentation--A
biomechanical study comparing the permanent Spine-
Jack device and balloon kyphoplasty in traumatic frac-
ture. Clin Biomech (Bristol). 2015 Aug;30(7):720-5.
Kallmes DF, Comstock BA, Heagerty PJ, et al. A ran-
domized trial of vertebroplasty for osteoporotic spinal
fractures. N Engl ] Med. 2009;361(6):569-79.

England RW, Gong A, Li T et al. Clinical outcomes and
safety of the SpineJack vertebral augmentation system

for the treatment of vertebral compression fractures

14.

15.

16.

17.

18.

19.

20.

in a United States patient population. J Clin Neurosci.
2021 Jul;89:237-42.

Noriega D, Marcia S, Theumann N, et al. A prospec-
tive, international, randomized, noninferiority study
comparing an implantable titanium vertebral augmen-
tation device versus balloon kyphoplasty in the reduc-
tion of vertebral compression fractures (SAKOS study).
Spine J. 2019;19(12):1973-82.

Sowa D, Guzik G, Bronisz M, Merkiel D, Pyrka D, Pyrka
Z. Outcomes of Treatment of Spinal Fractures with the
SpineJack System. Ortop Traumatol Rehabil. 2023 Feb
28;25(1):1-8.

Kriiger A, Oberkircher L, Figiel ], et al. Height restora-
tion of osteoporotic vertebral compression fractures
using different intravertebral reduction devices: a ca-
daveric study. Spine J. 2015 May 1;15(5):1092-8.

Li T, Pang S, England R et al. Clinical Outcomes and
Safety Comparison of Vertebroplasty, Balloon Kypho-
plasty, and Vertebral Implant for Treatment of Verte-
bral Compression Fractures. AJNR Am J Neuroradiol.
2023 Nov;44(11):1345-51.

Renaud C. Treatment of vertebral compression frac-
tures with the cranio-caudal expandable implant
SpineJack®: Technical note and outcomes in 77 con-
secutive patients. Orthop Traumatol Surg Res. 2015
Nov;101(7):857-9.

Noriega DC, Rodriguez-Monsalve F, Ramajo R, San-
chez-Lite I, Toribio B, Ardura F. Long-term safety and
clinical performance of kyphoplasty and SpineJack®
procedures in the treatment of osteoporotic vertebral
compression fractures: a pilot, monocentric, investiga-
tor-initiated study. Osteoporos Int. 2019 Mar;30(3):637-
45.

Chang M, Zhang C, Shi J et al. Comparison Between 7
Osteoporotic Vertebral Compression Fractures Treat-
ments: Systematic Review and Network Meta-analysis.
World Neurosurg. 2021 Jan;145:462-70.el.

39



FMEZAT]

|

=)
=

=

st

49

A
ZotMchsta ofahcy

|

e

3)
RESERS

o
(=]

o
—,

) 2

=]

=E

JOURNAL OF ADVANCED SPINE SURGERY

0l
NH2 2 _—,;l__|;(|

s

4
olMCEtm ol BiryE

IRHE,

A
(il

Spine-Jack

a3

il
Rr
ol
ar

A

&8 T=2 9| ALSE=[0] RiC}. Spine-Jack A

-

ol
-

R

10) EE

Spine-Jack A|AHEI(n=

T

~
=

Oswestry Disability
X o|den, VASeH ODI

=2

o

—

[

Bl

q

A
(b}

o

St M-S Eict, d2{L} Spine-Jack Al

Index (ODNZ
Za}: Spine-Jack Al
ToM 72

x| 20| 22t& 0|l 2L}, Spine-Jack A|AEIO| ZHH

S
gl

A

old}
=

- i

r

ZAE: Spine-Jack Al

+

Torl
z
A

K-

A

Ao M=

H]
riill

H

M

Kl

2[2t4 7|cHEl T

A




