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Background: In patients presenting with a vertebral compression fracture, there is minimal
published data on safety and efficacy outcomes for the novel V-STRUT® (Hyprevention, Inc.)
vertebral augmentation system for treating pathologic, traumatic, or osteoporotic vertebral
compression fractures.

Objective: To assess the safety and effectiveness of a polyether ether ketone polymer
transpedicular vertebral system (V-STRUT) combined with polymethylmethacrylate for treating
vertebral compression fractures.

Study Design: A retrospective study.

Settings: Eleven clinical sites in the United States: interventional radiology, interventional pain,
and spine surgery departments.

Methods: Fifty-two consecutive patients (23 men and 29 women; median age 71.5 years
[SD = 10.8]) underwent treatment for vertebral compression fracture with V-STRUT and
polymethylmethacrylate. Each patient’s clinical and radiologic results were collected at 3 different
time points (Baseline [preintervention], one-month, and 6-month follow-ups) using magnetic
resonance imaging, x-ray, or computed tomography at the physician’s discretion. Patients missing
either the one-month follow-up (n = 11) or 6-months follow-up (n = 19) were excluded from Visual
Analog Scale (VAS) score analysis for that time point, but were included for overall procedural data
and safety analysis. Follow-up data were collected for 41 patients at one-month follow-up and 33
patients at 6-months follow-up. Fracture etiologies were osteoporosis in 43 (83%) patients and
malignancy in 9 (17%). Data recorded were: procedure duration; fractured vertebral levels; treated
vertebral levels; Genant Classification, and/or Magerl Classification fracture gradings; anesthesia;
guantity of bone cement; implant sizes; and adverse events, including serious events. Pain was
assessed using the Visual Analog Scale.

Results: The procedure was completed successfully in all patients. The mean procedure duration
was 48 minutes (SD = 23.7). Asymptomatic bone cement leakage occurred in 7/52 patients
(13.5%), remote level fractures occured in 2/52 (3.8%), and new adjacent level fractures occurred
in 4/52 (7.7%) patients; 4/52 (7.0%) patients died prior to completing all study milestones. Across
both osteoporotic and pathologic fracture groups, the mean baseline VAS score was 81 mm (SD
= 18.5); one-month postoperative scores were 36 mm (SD = 32.2, P = 0.0.005) and 6-months
postoperative scores were 18 mm (SD = 25.1, P = 0.005).

Limitations: Our study has limitations inherent in all retrospective studies. The study results are
the authors’ data collection and is subject to different forms of bias including selection and recall
bias.

Conclusions: This study reflects clinical experience to date for the V-STRUT device in the
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United States. This initial data demonstrates the safety and early efficacy for treating osteoporotic and malignant thoracolumbar

compression fractures associated with severe refractory pain.
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ertebral compression fractures (VCFs) are

common, with an estimated incidence of

1,000,000 osteoporotic, 160,000 neoplastic,
and 50,000 traumatic fractures reported yearly in the
United States (1-7). These fractures pose a significant
burden on the health care system and are responsible
for more than 150,000 hospitalizations each year (8,9).
VCFs result in a reduced quality of life, both acute
and chronic pain, decreased physical and functional
performance, negative psychosocial consequences, and
a 3-fold increase in mortality (8,10,11). Nonsurgical
management has been associated with doubling the
risk of future fractures (22%) compared to vertebral
augmentation procedures (11%) (12).

Early treatment with vertebral stabilizing Interven-
tions such as vertebroplasty, vertebral augmentation
with balloon kyphoplasty, and instrumented vertebral
augmentation form the standard of care for patients
with acute/subacute and ultimately chronic compres-
sion fractures associated with refractory pain (13-16).
Kyphoplasty using expandable implants and polymeth-
ylmethacrylate (PMMA) such as Spinelack® (Stryker),
and KIVA® (1ZI Medical) provide vertebral height resto-
ration in mobile fractures at the time of the treatment
which is maintained with bone cement (9,17,18). These
devices are intended to restore sagittal spinal align-
ment and minimize residual segmental kyphosis and
deformity that can result from a VCF.

Biomechanically, adjacent, and remote level
fracturing has been shown to be less common with
normal alignment restoration (9). The phenomenon
is, however, multifactorial and also known to be as-
sociated with low bone mineral density, the presence
of pre-existing adjacent and remote fractures, spinal
deformity, intradiscal bone cement leakage, dimin-
ished restoration of vertebral height, and the degree
of kyphotic angle change from the initial VCF (19,20).
Other factors such as body habitus, comorbid diseases,
and prolonged immobility also play a significant role.
Although these implants reflect significant clinical
advances, the potential of progressive vertebral body
collapse via pediculosomatic compression remains pos-
sible as the axial loading force is not intended to be

redistributed to the middle and posterior column, espe-
cially in junctional vertebrae. Evaluating the long-term
superiority of these implantable devices compared to
vertebral augmentation alone continues (9,21).

The V-STRUT® vertebral implant (Hyprevention) is
a minimally invasive, image-guided, percutaneous poly-
etheretherketone (PEEK) polymer transpedicular implant
indicated for use in combination with PMMA for treating
osteoporotic or pathologic VCFs in the thoracolumbar
spine from levels T1 to L5 as well as pedicle fractures.
Unlike currently available implantable devices, such as
SpineJack and KIVA which restore vertebral height, the
V-STRUT transpedicular implant anchors the anterior,
middle, and posterior columns, which in conjunction with
PMMA supports the superior vertebral endplate and re-
establishes thoracolumbar spine stiffness, thereby reduc-
ing stress applied to the adjacent vertebral levels under
compressive load (22,23) (Fig. 1). Biomechanically, this
not only aims to decrease both the risk of progressive
collapse and pediculosomatic force at the index fractured
level, but also the risk of adjacent level or levels fractures
through the above mechanisms (9).

The V-STRUT implant is composed of a PEEK poly-
mer, (PEEK-OPTIMA™, Invibio Biomaterials Solutions™)
which is more similar biomechanically to bone than tita-
nium. Comparatively, transpedicular titanium implants
are more rigid than bone and increase the overall stiff-
ness of the treated vertebra and spinal segment (Fig.
1). Theoretically, this could comparatively increase the
risk of adjacent fracture and disc degeneration (24,25).
PEEK implants permit increased overall vertebral flex,
and the combination of the V-STRUT geometry and
material could potentially restore relatively normal
vertebral and spinal segment biomechanics (25).

Our study reports initial safety and efficacy out-
comes of 52 patients treated with the V-STRUT aug-
mentation system to date for both pathologic and
osteoporotic VCFs in the United States.

METHODS

Study Design and Patient Selection
This multicenter retrospective cohort study reports
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areas of greater stress displayed in red and of least in dark blue.

Fig. 1. Finite element analysis of redistribution of stress under axial load: Finite element analysis (FEA) of vertebrae
demonstrating target and adjacent level stress distribution between: (a) with no implant, (b) PEEK implant at middle

level, and (c¢) titanium implant at middle level. The FEA model does not factor in PMMA. Utilizing the von Mises stress
measurements when an applied force compresses the functional spinal unit, we can vizualize how the stress is redistributed with

V-STRUT procedures performed by physicians within
the United States from October 2020 through May
2024. We received Institutional Review Board approval
from the senior author’s institution. Routine procedural
informed consent was obtained from all patients who
underwent V-STRUT implantation.

The decision to use the V-Strut device was at the
sole discretion of the individual treating physician
based on clinical and radiological findings. Adult pa-
tients with refractory painful VCFs related to osteopo-
rosis or tumor involvement located between levels T9
to L5 who had failed conservative treatment and had
an appropriate pedicle diameter to receive 5.5 mm or
6.5 mm implants, were included.

Since the present study was concluded, on-label
indications for this device have expanded to include
T1-T8 vertebral levels and isolated or combined pedicle
fractures, in addition to a new implant diameter of
4.5 mm. At the time of this writing, 41/52 patients had
available one-month follow-up data for pain response.
Patients without one-month outcome data (n = 11) and
patients without 6-months outcome data (n = 13) were
excluded from the time point analysis.

Procedural metrics, fracture gradings, and adverse
events such as the rate of adjacent and remote level frac-
tures in the follow-up period were tracked and reported
for the overall cohort and separated into osteoporotic
and pathologic fracture populations. The primary out-
come measure was the proportion of patients with
a Visual Analog Scale (VAS) score < 40 mm at either

postoperative one- or 6-months without adjacent level
or target level refracture in the follow-up period veri-
fied by x-ray, magnetic resonance imaging, or computed
tomography at the treating physician’s discretion.

Procedure Description

All procedures were performed under fluoroscopy
using single or biplane imaging. General anesthesia,
monitored anesthesia care, or local anesthesia with
sedation were used according to the operator’s prefer-
ence. All procedures were performed with the patient
prone. An 11G or 13G bone needle was used to access
each pedicle using standard access techniques. After
positioning the bone needles, a 1.6mm Kirschner guide-
wire was introduced and positioned up to a maximum
of 5 mm from the anterior wall cortex; the outer can-
nula was then removed.

A soft tissue dilator was inserted over the K-wire
up to the target pedicle followed by inserting a pro-
tection tube. Sequential drilling of the proposed de-
vice channel was performed using 4.5 mm, 5.5 mm and
6.5 mm diameter hand drills. Sizing of the implant was
determined by pedicle size on pre-operative cross-sec-
tional imaging and by identifying the correct length
device, 40 mm to 60 mm, from the measurement in-
dicators on the side of each hand drill when the drill
had advanced to the appropriate depth within the
vertebral body.

The implants were then advanced over the K-wire
through each pedicle, the K-wires were removed, and
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the implants were cemented in place with PMMA. One
of 4 cements were used according to operator prefer-
ence: VertaPlex® HV (Stryker), 39/52 patients (75%);
F20® (Teknimed) 8/52 patients (15.4%); Kyphon™
(Medtronic) 3/52 patients (5.7%); and Vertecem™
(DePuy Synthes) 2/52 patients (3.8%).

Bone access needles, guidewires, cement injec-
tors, and all procedural tools were re-sterilized and
stored for future use; vertebral implants were not
re-used (Fig. 2). Anteroposterior and lateral radio-
graphs were taken immediately following the proce-
dure to assess final implant positioning and cement
distribution.

Outcomes and Statistical Analysis

Basic patient demographics, fracture etiology,
grading, and descriptives were documented (Table 1).
Outcomes were reported relating to the overall popu-
lation and separated into patients with osteoporotic
and/or pathologic fractures. Procedural metrics were
tracked and reported as were PMMA leakage rates,
intraprocedural complications, as well as periopera-
tive and postoperative serious adverse events. Adverse
events were reported according to the Society of In-
terventional Radiology quality improvement guidelines
for percutaneous vertebroplasty (26). Pain severity was
assessed using the VAS at preprocedure, and at the one-

Name Picture
Tube —————
Dilator
. r—
Drill 6.5 o——
Gripper —_—
Positioner H:
RamelSy L Material Image
Guide Wire mm (mm) =
Provided non-sterile (See Instructions For Use) :‘5’
EE—COOOs
55 50 PEEK
55 Provided sterile in individual packaging.
60
Bone Filler e T 40
45 [EE—
6.5 50 PEEK
Provided sterile in individual packaging (See Instructions For 55 Provided sterile in individual packaging.
Use) 60

Fig. 2. Procedural tools and devices with label.
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month and 6-months follow-up appointments.

Table 1. Demographic and descriptive fracture variables.

Verbal subjective outcomes from the patients Po::lt;lion Osteoporotic | Malignant
were also included. Continuous variables were
reported as mean (SD) or median (interquartile Gender, m/f no. (%) 23/29 (44/56) | 17/26 (40/60) 6/3 (66/33)
range [IQR]) where appropriate. Categorical | g (years: SD) 715 +/-10.8 | 729 +/-10.9 | 652 +/-83
variables were reported as percentages. Fracture Etiology
Statistical calculations were made using R Osteoporotic 43 43 0
4.4.0 (R Foundation). Malignant 9 0 9
RESULTS Fracture Age (days; SD) 37.5+/-29.8 | 37.3+/-32.6 | 38.4+/-11.5
Fracture Type
Genant (n = 37)
Patient and Procedural Characteristics ! % ” .
A total of 52 patients (29 women and 23
men; mean age 71.5 years [SD = 10.8]) from 2 10 10 0
11 centers were included for final procedural 3 ! ! 0
and safety analysis. Forty-one patients were OF (n = 39)
included in the one-month and 33 patients in OF1 20 16 4
the 6-months follow-up analysis. Fourteen in- OF2 13 10 3
terventionalists contributed cases. OF3 6 6 0
Fracture etiology was osteoporosis in 43 pa- Magerl (n =39)
tients and malignancy in 9 patients. Two patient Al 3 2% 1
examples are provided in Fig. 3. Baseline patient - s ! .
characteristics and procedural results are sum-
marized in Table 1. Treated level distribution A3 ! ! 0
and Magerl fracture morphology are presented Fracture Level
in Figs. 4 and 5. Magerl, Genant and AO fracture Rigid (T3-T10) 2 2 0
gradings were taken for 39/52 (64%) patients Junctional (T11-L1) 19 16 3
using preoperative radiographic imaging. Pa- Mobile (1.2-1.4) 28 23 5
tients were graded as follows: Genant Grade 1 Junctional (L5-S1) 3 2 1
26/37 (70.3%), Genant Grade 2 10/37 (26.0%),  |TAnesthesia
and .G.ena.nt Grade 3 1/37 (2.7%). AO fracture Local + Sedation 4 4 0
classifications: OF1 19/39 (48.7%), OF2 13/39
(33.0%), OF3 6/39 (15.4%). Magerl fracture | C 12 1 !
classifications were A1 33/39 (84.6%), A2 539 | Senerdl 36 28 8
(12.8%), and A3 1/39 (2.5%). Cement Volume (mL; SD) 55+/-2.3 55+/-2.3 55+/-2.2
The procedure was safely completed in Procedure (mins; SD) 48 +/- 23.7 47.2+/-25.1 | 52/5+/-13.9

each patient. The mean procedure duration
time, including the full time in the operating room,
was 48 minutes (SD = 23.7). The mean volume of PMMA
injected was 5.5 mL per level (SD = 2.3).

Outcomes

The primary outcome of VAS score of < 40 mm at
6-months follow-up was seen in 22/33 patients (66%).
Four patients had a VAS score of < 40 mm at their one-
month follow-up, but did not present to their 6-months
follow-up. Overall, patients who reported a VAS score
of <40 mm at either follow-up point were 26/37 (70%)
(Table 2; Fig. 6). Of the remaining study population, 4
patients died prior to the study’s completion due to

an unrelated comorbidity; 7 patients had not reached
their 6-months follow-up at the time of this writing.
Of the 4 remaining patients with persistent pain
and a VAS score > 40 mm at 6-months follow-up, one
was an 86-year-old woman with an osteoporotic VCF
who experienced an adjacent level fracture at 6 weeks
postintervention and one was a 74-year old man who
developed myeloma with an adjacent level fracture at
9 weeks postintervention, which was retreated. On his
follow-up presentation he reported no pain. Another
patient was a 67-year-old man who experienced a
remote level VCF due to an unrelated fall at 6 weeks
postintervention. The last patient was a 69-year-old
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0/100.

Fig. 3. Patient 1 (a-e) is a 74-year-old man with a past medical history of hypertension, prostate cancer, and stage 4 HCC. Prior
RFA and vertebral augmentation of Cl1, presents for L4 lesion (white arrow in a) (a) demonstrating rapid growth. (b) Lateral
image of radiofrequency probes (black arrowheads) for ablation. (c¢) Shows left pedicle sizing drill (black arrow) access and
implant placed on right over k-wire (white arrow). Soft tissue protection tubes are also seen (curved black arrows) (d, e) Final
AP and lateral images of devices with PMMA (black arrows). Patient 2 (f-1) is a 72-year-old man who presented with severe
axial lower back pain after all, and failure of medical management requiring hospital admission. The patient’s VAS score was
90/100 and he was bed bound since admission. Imaging shows VCF's of L1 (Magerl A1.2) and L2 (Magrel A3.1/2 cleft) seen
on sagittal T1 (f) and sagittal STIR (g) images (white arrows). Fluoroscopically guided bipedicular approach for fixation with
the V-STRUT implantable device (black arrows) (h). Post intervention lateral (i) fluoroscopic images demonstrate satisfactory
device positioning and cement placement. The patient tolerated the procedure well and the one month follow-up VAS score was

man who had an adjacent level fracture following a fall
at 5-monthspostoperative.

Overall, the mean VAS score decreased from 81
mm at baseline (SD = 18.5) to 36 mm at the one-month
follow-up (SD = 32.2, P = < 0.005) and to 18 mm at the
6-month follow-up (SD = 25.1, P = < 0.005). Patients’
subjective improvement in postprocedural pain was
also documented at one- and 6-months follow-ups
respectively, excluding loss to follow-up and deceased
patients for both categories: 12/40 (30.0%) and 9 /27
(33.3%) of patients reported total pain relief (VAS
score of 0), 16/40 (40.0%) and 13/27 (48.1%) patients re-
ported major pain relief (VAS score < 40), 6/40 (15.0%)
and 3/27 (11.1%) of patients reported minor pain relief

(VAS score decreased but still > 40), 6/40 (15.0%) and
2/27 (7.4%) reported no pain relief (VAS score > to pre-
operative VAS score).

Adverse events occurred in 11/52 (21.2%) patients
with one serious adverse event reported intra-opera-
tively or within the follow-up period. The most common
adverse events were asymptomatic cement leakage in
7/52 (13.5%) patients. No subsequent fractures at the
treated level were observed. In terms of adjacent and
remote level fractures identified in follow-up, new
adjacent level VCFs were seen in 4/52 (7.7%) patients;
each of those patients had only one adjacent fracture,
with 3/43 (7.0%) occurring specifically in the osteopo-
rotic patient subgroup. New remote level VCFs were
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reported in 2/52 patients (3.8%). One serious adverse
event occured in a patient who developed osteomy-
elitis at the treated level during the follow-up period,
in the setting of prior kidney transplant and immune
suppression. This patient was treated with antibiotics
which resolved the infection.

Discussion

This study reports outcomes for the first consecu-
tive 52 patients in the United States where the V-STRUT
vertebral implant was used for managing osteoporotic
and pathologic VCFs. One serious adverse event was
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Table 2. Treated population Visual Analog Score (VAS) ai baseline, one month and 6 monih follow up with mean, median and
range. Outcomes presented as total population, osteoprootic fracture population, and pathologic fracture population. P value to denote

significant change with respect to baseline values.

Pre-treatment

W Total Population

Pain Intensity VAS | n (% of total pop.) Mean +/- SD Median (IQR) (mifl{:;‘fz ax) (cﬁw‘lg‘i‘;)

Total Population

Baseline 52(100) 82 +/-16.2 80 (10) 21 to 100

1 month 41 (78.8) 36 +/-32.2 30 (60) 0 to 100 <0.005

6 months 33 (63.5) 18 +/- 25.1 10 (20) 0to 90 <0.005

Osteoporotic

Baseline 43 (100) 81 +/-17.6 80 (10) 21 to 100

1 month 33(76.7) 40 +/- 34.6 40 (70) 0to 100 <0.005

6 months 28 (65.1) 20 +/-27.2 10 (20) 0to 90 <0.005

Pathologic

Baseline 9 (100) 85 +/- 8.7 85 (10) 80 to 100

1 month 8(89.0) 21 +/-11.5 20 (12.5) 0to 35 <0.005

6 months 5 (55.6) 13 +/- 5.0 10 (2.5) 10 to 20 < 0.005
90

80
70
9
60
50
40
30
20
8

10 s

0

1-month 6-months

B Osteoporotic Malignant

Fig. 6. Visual analog scale response from baseline out to 6 months post treatment with number of patients at following time
points. Number within the bars represents number of patients in cohort at that time point for which data is available.

reported in which a patient with a prior, remote renal
transplant developed osteomyelitis at the treated level
in the first postoperative month. This was managed
and resolved with antibiotics. Postoperative pain relief
followed the pattern seen in the available vertebral
augmentation literature (8,15,27,28). Subsequent
fractures at the treated level, adjacent and remote

level VCFs in the follow-up period were 0.0%, 7.7% and
3.8% respectively.

The V-STRUT vertebral augmentation system is
designed to redistribute axial load under compression
and reinforce the posterior elements of the vertebra
across the anterior and middle column trabecular
bone (25,29). This provides a physical anchor from the

E652
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vertebral body to the posterior column, theoretically
decreasing the likelihood of progressive incident level
collapse and pediculosomatic injury, ultimately improv-
ing the vertebral body’s load-bearing capacity and
optimizing support (19,30).

Biomechanically, it is proposed that the posterior
column anchoring helps reinforce the superior vertebral
endplate, enabling resistance to axial compression and
reducing progressive endplate collapse and the resul-
tant segmental kyphotic deformity, thus mitigating one
major risk factor for adjacent fractures (30). Aebi, et al
(19) tested how the addition of the V-STRUT device to a
VCF can improve its ability to absorb more energy and
withstand greater maximum forces (F__) compared to
vertebroplasty when comparing the fracture generation
stage to the posttreatment stage. The compressive load-
ing endpoint was determined to be when the vertebral
body had a 25% reduction of its original height, similar
to a Genant grade 1 wedge fracture. This was achieved
through a 2-phase process: 1) a loading phase that in-
cremented force by 5 mm/min to the Fmax followed by,
2) a continued displacement with a lesser load until the
endpoint was reached. The Fmax that could be applied
to the vertebra prior to treatment was 1,642N (SD = 262)
in the V-STRUT group and 2,047N (SD = 530) in the ver-
tebroplasty group, which had increased to 2,906N (SD =
1521) (77%) and 2,842N (SD = 712) (39%) respectively.
The change in capacity of absorbed energy, which is the
total quantity of force over time that the vertebra could
withstand until a 25% vertebral reduction was achieved,
was also noted to increase from 8,535N (SD = 3463) to
19,277N (SD = 5,638) (126%) with V-STRUT and from
9,729N (SD = 4,110) to 19,317N (SD = 6,105) (99%) with
vertebroplasty(19). Overall, this study demonstrated at
least equivalent biomechanical performance of the V-
STRUT device compared to vertebroplasty (19).

The total patient population in our study exhib-
ited a decrease in mean VAS score at baseline from 82
mm (SD = 12.9) to 36 mm (SD = 32.2) at postoperative
one month and 18 mm (SD = 25.1) at postoperative 6
months. This VAS response was similar when the cohort
was separated into patients whose fractures were due
to osteoporosis or malignancy. While published data for
this device remain limited, overall findings indicate simi-
lar outcomes when compared to existing implantable
devices and routine vertebral augmentation in terms of
pain reduction (9,15,17,18,28). Specifically in reference
to the investigational device, Barral, et al (21) reporting
the 2-month follow-up with 9 patients implanted with
the V-STRUT device, found similar results: the median

VAS score decreased from 55 mm (IQR 50 — 70) before
the procedure to 25 mm (IQR 5 - 30, P = 0.0003). At the
6-month follow-up, the median VAS score decreased to
30 mm (IQR 15-40, P=0.14) (21). Comparable device tri-
als, such as SAKOS, demonstrated a 58.5 mm decrease in
VAS scores at postoperative one month and a 62.6 mm
decrease in VAS score at postoperative 12 months (9).
The KIVA system saw a decrease in VAS scores by 70.8
mm at postoperative 12 months in the KAST study (17).

In our study of 52 patients, as in the initial V-STRUT
pilot study of 9 patients, no subsequent fracture or
fragmentation was identified at the treated level fol-
lowing VCF treatment with V-STRUT (21). The SAKOS
study (9) conducted on patients with osteoporosis re-
ported subsequent fracture rates of 3.6% (4/64) with
Spinelack and 9.0% (6/67) with balloon kyphoplasty
(BKP) at 6 months.

The risk of adjacent level fracture after treating a
VCF is a subject of ongoing debate and concern. The
majority of adjacent fractures manifest within the
initial 3 months post osteoporotic VCFs treated with
kyphoplasty (30,31). In the Barral, et al (21) study, no
postprocedure adjacent fracture was reported dur-
ing follow-up (median 193 days, IQR, 147-279) for 9
patients treated with V-STRUT (21). Adjacent fracture
rates of 9.4% (6/64) were seen with SpineJack, with
a total number of adjacent fractures of 9 and 25%
(17/68) with balloon kyphoplasty with a total number
of adjacent fractures of 23 at 6-months follow-up. Ad-
jacent fractures rates of 12.9% (8/62) with Spinelack
with a total number of adjacent fractures of 12, 20.9%
with KIVA, and 22.3-27.3% with BKP were reported at
postoperative 12 months (9,17).

In our study, new adjacent VCFs were reported in
3/43 patients with osteoporosis (7.0%), with a total
number of adjacent fractures of 3; a single new remote
VCF was seen in one patient (2.3%). While the current
series is not directly comparable to the SAKOS (9) or
KAST (17) trials in terms of methodological rigor and
imaging core lab evaluation, close observation of these
outcomes in subsequent studies examining V-STRUT
will be of interest. The subsequent, adjacent and re-
mote fracture rates in our study seem to compare fa-
vorably to other studies, however in the SAKOS study,
most of the fractures treated were Genant grade 2 or
3 (88% [64/73]) with SpineJack and 88% (68/77) with
balloon kyphoplasty, whereas the factures treated with
V-STRUT were Genant grade 1 70.3% (26/37), grade 2
27% (10/37) and grade 3 2.7% (1/37). By its design, V-
STRUT is not intended to provide height restoration;
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fracture Genant grades 1 and 2 are mostly indicated
and vertebral height was not measured in our study. In
the SAKOS study, midline vertebral body height resto-
ration between baseline and 12-months postoperative
was measured at 1.31 mm (SD = 2.58) for SpineJack and
0.10 mm (SD = 2.34) for balloon kyphoplasty. Anterior
vertebral body height restoration was not reported for
wedge fractures in the SAKOS study.

Intra-operative PMMA leakage during vertebral
augmentation is often asymptomatic. Rarely, compli-
cations such as bone cement venous embolism occurs,
leading to significant patient morbidity (32). Extensive
leakage into the disc space can also predispose adja-
cent endplate injury or fracture occuring (31,33).

Fracture morphology also appears to play a role
in adjacent and remote fractures developing with
relatively higher rates of additional fractures occurring
following the percutaneous treatment of more complex
VCFs, such as burst type fractures (Magerl A3) (32). This
may be due to ongoing mobility at the fractured level,
especially in loading or with pronounced bone cement
leakage into the adjacent disc space. Using cavity creat-
ing tools or implants, in addition to high viscosity bone
cement, may decrease the rate of bone cement leakage.
In the present series, inflatable bone tamps, steerable
bone curettes, and other anterior column implants, such
as vertebral body stents, were not used in combination
with the study device. This likely explains the relatively
low average bone cement volume injected at each level.

In our study, the rate of asymptomatic bone ce-
ment leakage was 7/52 (13.5%); this was the most
common adverse event reported. This was notably
lower than the rates observed in the European study of
V-STRUT (21) (55.6%); interestingly, this is fewer than
those reported for similar procedures: 50.7% using
Spinelack, 45.1% to 64.5% using balloon kyphoplasty,
and 64.6% using KIVA(9,17,21). Since our series did
not use a blinded core lab for imaging review, the rate
of bone cement leakage is likely underestimated. A
recently published study evaluating optimal bone ce-
ment volume partnered with V-STRUT based on finite
element analysis suggested that 4 mL of PMMA was
the ideal volume within the modelled lumbar spine for
establishing normal target vertebral stiffness and de-
creasing load on the adjacent vertebral segments (29).

Recently, V-STRUT was cleared by the US Food
and Drug Administration to address pedicle involve-
ment detected by magnetic resonance imaging that is
frequently seen in VCF due to osteoporosis or cancer
(34). The efficacy of V-STRUT to reinforce a fractured

pedicle, or one that is involved by malignancy, requires
further study.

Limitations

Our study has several limitations inherent in all ret-
rospective studies and is subject to several forms of bias,
including selection bias and recall bias. Pain score follow-
up to postoperative 6 months was available in 33 patients
at the time of writing. Additionally, given the inclusion
of multiple centers in this study, a heterogenous patient
population was included, with varying fracture etiol-
ogy as well as limited data on a patient’s fracture grade.
Limited patient demographic information is available to
determine homogeneity across the cohort in terms of
relevant medical comorbidities. Imaging outcomes were
self-reported, and as such bone cement leakage rates
may have been under-reported. Vertebral heights at
pre- and postoperative were not measured. Additional
longer-term studies with more patients, more complete
follow-up data, and potentially randomized comparison
to other treatment options, including other available im-
plants and standard augmentation techniques, are neces-
sary to demonstrate V-STRUT's comparative effectiveness
and safety more accurately. A multicenter, prospective,
single-arm study evaluating pain, disability, quality of life,
and core lab-adjudicated imaging outcomes is currently
underway in the United States (the RECONSTRUCT study;
ClinicalTrials.gov ID# NCT05337696).

CONCLUSION

This study reflects the clinical experience to date
for the V-STRUT device in the United States. This initial
data demonstrate safety and early efficacy of the de-
vice for the treatment of osteoporotic and malignant
thoracolumbar compression fractures associated with
severe refractory pain. Based on initial biomechanical
and clinical data, this novel device has the potential
to further improve outcomes for patients with osteo-
porotic and pathologic VCFs. Further investigation is
needed to determine if the absence of ongoing target
level collapse and low rates of adjacent and remote
VCF in this study are replicated in other studies with a
greater number of patients and longer, more complete
follow-up evaluations with further granular outcome
measures. A prospective adjudicated multicenter pilot
study, (the RECONSTRUCT study; ClinicalTrials.gov ID#
NCT05337696), is currently underway to confirm the
safety and efficacy of the V-STRUT device prospectively,
with more complete long-term data and core lab-
adjudicated imaging outcomes.
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