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Abstract

Interspinous posterior device (IPD) is a term used to
identify a relatively recent group of implants used to
treat lumbar spinal degenerative disease. This kind of
device is classified as part of the group of the dynamic
stabilization systems of the spine. The concept of dy-
namic stabilization has been replaced by that of dy-
namic neutralization of hypermobility, with the intention
of clarifying that the primary aim of this kind of system
is not the preservation of the movement, but the dy-
namic neutralization of the segmental hypermobility
which is at the root of the pathological condition. The
indications for the implantation of an IPD are spinal
stenosis and neurogenic claudication, assuming that
its function is the enlargement of the neural foramen
and the decompression of the roots forming the cauda
equina in the central part of the vertebral canal. In
the last 10 years, use of these implants has been very
common but to date, no long-term clinical follow-up
regarding clinical and radiological aspects are available.
The high rate of reoperation, recurrence of symptoms
and progression of degenerative changes is evident in
the literature. If these devices are effectively a miracle
cure for lumbar spinal stenosis, why do the utilization
and implantation of IPD remain extremely controversial
and should they be investigated further? Excluding the
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problems related to the high cost of the device, the
main problem remains the pathological substrate on
which the device is explicit in its action: the degenera-
tive pathology of the spine.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: If interspinous posterior devices are effectively
a miracle cure for lumbar spinal stenosis, why does
their use and implantation remain extremely controver-
sial and should they be investigated further? The aim of
this editorial is to analyze and underline why these de-
vices have poor outcomes, focusing on a biomechanical
point of view, trying to define indications and limits. Is
important to underline that these implants must not be-
come a trend but only a weapon in the surgeon’s hands
and, as with every weapon, is extremely dangerous in
the wrong hands. So the spinal surgeon is the only one
who can decide when to use it and must know the ef-
fects of this weapon in detail to use it correctly with no
damage for the patient.
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INTRODUCTION

Interspinous posterior device (IPD) is a term used to
identify a relatively recent group of implants used to
treat lumbar spinal degenerative disease. This kind of
device is classified as part of the group of the dynamic
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stabilization systems of the spine. The concept of dy-
namic stabilization has been replaced by that of dynamic
neutralization of hypermobility, with the intention of
clarifying that the primary aim of this kind of system is
not the preservation of the movement, but the dynamic
neutralization of the segmental hypermobility which is at
the root of the pathological condition" ™.

The indications for the implantation of an IPD are
spinal stenosis and neurogenic claudication, assuming
that its function is the enlargement of the neural foramen
and the decompression of the roots forming the cauda
equina in the central part of the vertebral canal.

IPDs have evolved, being classified into not restricted
and restricted, based on the presence or the absence of a
dynamic control of movements only in extension or flex-
ion and extension respectively[m’m.

A further evolution has brought the development of
the interspinous fusion device (IFD), another group of
implants, whose aim is interspinous bone fusion. The
aim of these devices is not the dynamic neutralization of
the hypermovement, but bone fusion with a complete
block of the metameric movement. In light of this, in
my opinion, IFDs cannot be classified as movement dy-
namic control systems because their aim is the osseous
fusion of the segment, so are completely different from
IPD[l()—Zl].

In the last 10 years, use of these implants has been
very common but to date, no long-term clinical follow-
up are available regarding clinical and radiological aspects.
The high rate of reoperation, recurrence of symptoms
and progression of degenerative changes is evident in the
literature. But the real question is this: If these devices
are effectively a miracle cure for lumbar spinal stenosis,
why does the utilization and implantation of IPD remain
extremely controversial and should they be investigated
further? Excluding the problems related to the high cost
of the device, the main problem remains the pathological
substrate on which the device is explicit in its action: the
degenerative pathology of the spine.

BIOMECHANICAL CONSIDERATIONS

If we consider that IPD can be implanted in stenosis
of a mild and moderate degree in central or foraminal

stenosis, or in low grade spondylolisthesis without spon-
dylolysis (with poor or at least controversial results), we
take for granted that the degenerative lumbar cascade, as
described by Kirkaldy-Willis, is in the active phasemm.

Degenerative lumbar spondylosis in the active phase
as a first step has the damage of the intervertebral disc,
whose degree of degeneration is related to the entity of
the damage and the persistency of the damage itself in
time[ZZ—Zﬂ‘

Normally, the biomechanical behavior of the lumbar
spine is subject to the rule of spine loading. Accord-
ing to this rule, the axial load of the body is discharged
and consequently neutralized on the intervertebral disc
and the posterior structures (articulations, ligaments and
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muscles) in proportions of 80% and 20% respectively[27].

Any disc degeneration transfers the axial load to the
posterior elements of the spine, determining an inversion
in the distribution of the axial load related to the loss of
viscoelastic and shock absorber properties of the disc
itself. This condition promotes the insurgence of a func-
tional overload of the facet joints, determining a greater
mechanical stress than the physiological one, with conse-
quent hyperlaxity of the facet joints, reduced competence
of the articular capsule and hypermobility of the lumbar
segmentmm.

The hypermobility stimulates the inflammatory re-
action in the adjacent tissues, activating chemokines
(fractalkine in particular) in the ligamentum flavum, pro-
moting chemotaxis in the ligamentum itself. The inflam-
matory cells cause extracellular matrix degradation of the
ligamentum, determining loss of elasticity and hypertro-
phy. The role of fractalkine is well documented in the de-
velopment of numerous inflammatory diseases (theuma-
toid arthritis, dermatitis, e.) and in ligaments and joints
involved in inflammatory processes caused by instability
(e.g., joint capsules, ligaments and synovium). The inflam-
matory process involves these tissues so the fractalkine
overexpression is activated, thus causing the recruitment
of mononuclear cells within the LF, feeding the inflam-
mation and causing vascular injury and angiogenesis[zo].
Moreover, the increase in mononuclear activity causes a
proliferation of fibroblasts (for overexpression of TGF
beta mRNA resulting in increased collagen fibers) and
inflammatory cells in LE This inflammatory cell activity
in the LF causes rupture of the extracellular matrix (for
activation of metalloproteinase MMP2) due to the elastin
degradation, resulting in loss of elasticity of the ligament
and subsequent hypertrophy™*".

The collapse of the intervertebral disc causes liga-
mentum flavum redundancy and its prominence in the
vertebral canal reduces the diameter of the canal itself,
determining spinal stenosis.

Only in this phase, the articular hypertrophy generates
foraminal stenosis, the collapse of the disc generates liga-
mentous stenosis and the stenosis becomes symptomatic,
but the main pathological substrate remains the hyper-
rnobilitymm. The treatment of a hard or soft stenosis has
to be strictly linked to the concept of vertebral instability
as a basic pathological condition. Relating to this con-
cept, the commercialized IPDs have many biomechanical
weaknesses that, in my opinion, should make their use
extremely rare if not contraindicated.

MECHANICAL PROPERTIES OF IPD

Non-restricted IPD is a heterogeneous and very popu-
lous group of implants (X-STOP, Aperius, Bacjac, Ellipse
etg). When implanted, their main aim is the interspinous
posterior distraction to open the intervertebral foramina.

Their primary effect is the decompression of nerve roots
in their passage through the foramina. From a biome-
chanical point of view, the implant of this device has
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Figure 2 Dislocation of the L3-L4 interspinous posterior device in a pa-
tient with double level implant. The patient underwent revision surgery with
removal of both interspinous posterior devices followed by decompression and
stabilization with screws and rods.

consequences on the involved and adjacent segments:
(1) The axial load is shifted anteriorly on a degenerated
intervertebral disc in which degeneration promotes the
lumbar stenosis. The anterior load statically and dynami-
cally over-solicits a degenerated disc, which has partially
lost its features of shock absorber and elastic resistance
against movements, promoting a faster degeneration of
the disc; and (2) The distraction needed to open the in-
tervertebral foramina causes an alteration of the lumbar
spine sagittal balance™ .,

Sagittal balance is the axial equilibrium that the whole
spine has towards the outside world; its integrity provides
elastic properties to the spine and tolerance to loads.
Sagittal balance is based mainly on an adequate equi-
librium of the physiological curvatures of the spine so
that they can transfer the axial load to the floor, passing
through the hips and the heads of the femora. The load
line of the axial load is a vertical vector perpendicular to
the floor passing through the external acoustic meatus,
the midpoint of the endplate of L5 and the head of the
femur. This vector has to always be posterior to the line
connecting the two heads of the femora: to achieve this
aim, the spine curvatures have to be maintained physi-
ologically as much as possible. In particular, the preserva-
tion of physiological lumbar lordosis is fundamental®**.,

The purpose of these devices is their implant between
the spinous processes and their distraction; this move-
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Figure 1 Dynamic X-ray. A: Patient treated
for L3-L4 disc herniation (without instability
at the dynamic X-rays) with an interspinous
posterior device (IPD) implant. The Dynamic
X-ray in extension showed a metameric insta-
bility at L3-L4 developed 1 year after an IPD
implantation; B: Dynamic X-ray in flexion that
showed an increase in L3-L4 slipping, devel-
oping a I° grade spondylolisthesis, due to the
IPD implantation. The patient underwent revi-
sion surgery with removal of the IPD, decom-
pressive laminectomy and L3-L4 stabilization
with screws and rods.

IP.FLESS

ment of distraction transfers the axial load in the antetior
compartment on a degenerated disc and alters the bio-
mechanics of the whole spine, with a negative impact on
the sagittal balance. This action has consequences on the
spine, determining postural alterations, rotations of the
spino-pelvic alignment and alterations in the thoracic and
cervical curvatures, trying to compensate the alteration
of the sagittal balance but actually accelerating the pro-
gression of the spinal degeneration. These patients are in
a condition of spinal imbalance”™*.

Initially, patients can have an improvement of their
symptoms due to the foraminal decompression but long-
term the alteration of the spinal biomechanics can only
accelerate the degenerative process, with involvement of
the treated and adjacent segments (Figure 1).

Furthermore, the overload applied to the spinous
processes can cause a fracture of the processes them-
selves or lacerations of the posterior longitudinal liga-
ment, causing the mobilization of the device (Figure
2)[36749].

The restricted IPDs (such as Wallis, Diam, Intrasp-
ine, e#z.) have the presumed function of neutralizing the
movements of flexion and extension at excessive degrees.
These implants have the distraction of the spinous proc-
esses to widen the intervertebral foramina as a funda-
mental step, altering the biomechanics of the lumbar
spine and determining sagittal imbalance, with the same
mechanism as the non restricted IPD. Although these
devices can control the excessive degrees of movements
in flexion and extension, they cause a non physiological
alteration in the movements of the spinal motor unit,
with the same consequences described before. Further-
more, the segmental instability is not limited to the simple
movements of flexion and extension, but also the move-
ments of lateral bending and axial rotation, often associ-
ated with the movements of flexion and extension while
the spine executes complex movements.

An interspinous device cannot control the movements
of axial rotation and lateral bending, highly solicited after
the implant of the device, accelerating and fastening the
degenerative process.

IPDs are defined as movement preserving devices,
but they are not explicit in this action for many reasons:
(1) Their implantation puts the lumbar spine in a ky-
photic posture so that it cannot move in a physiological
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way. In light of this, the movement cannot be intended
as preserved; (2) The movement of the spinal motor unit
depends greatly on the articular masses, the inter- and
supraspinous ligament and the muscles of the posterior
tension band, and all the components of the spinal mo-
tor unit tend to degeneration; for these reasons, all IPDs
are not capable of controlling the movements in all three
directions of the space and substituting all the compo-
nents of the motor unit, so they cannot be defined as
dynamic stabilizationps’?’s’“'%’sm; and (3) The materials and
biomechanical concepts of construction of these devices
are not fully respectful of the biological characteristics of
human tissues™ > #2,

Different considerations have to be made for in-
terspinous fusion devices (IFD) (Aspen, Axle, ¢#). De-
scribed in the past, this technique has been brought to
the fore in the last few years with the development of
new spinous-anchoring devices whose aim is an inter-
spinous bone fusion.

The main goal of IPD is motion preservation, while
IFDs have a different root concept: if the substrate of
lumbar stenosis is the hypermotion, the only way to
stop the degeneration is to block it; this goal is achieved
through the bone fusion. So IFD’s aim is not motion
preservation but bone fusion and the immobilization of
the metamere. These devices have a double function,
related to their possible association with TLIF interbody

fusion™*

Stand-alone

Spinous process fusion of a spinal motor unit occurs
after placement of the device in distraction or in neutral
position. If the device is implanted in distraction, the
biomechanical alteration persists because the axial load is
altered, but the pathological segment is stabilized by the
osseous fusion. The degenerative process can progress
towards the adjacent segments with the development of
an adjacent segment disease.

TLIF interbody fusion

In my opinion, this is the best use for IFD. This surgery
is recommended in cases of monolateral radiculopathy
with foraminal stenosis due to facet hypertrophy. The
surgical procedure includes artrectomy to perform a
TLIF and complete decompression of the foramen and
the nerve root, associated with the implant of a device in
neutral position (not in distraction) b,

This technique offers several advantages: (1) The
execution of a TLIF allows performing a monolateral
decompression and the insertion of an anterior interso-
matic cage. The cage, in relationship with its width, can
restore the physiological lumbar lordosis and leave the
sagittal balance of the lumbar spine unaltered; (2) The in-
sertion of the cage in the TLIF technique allows a higher
fusion rate than the one obtained in a PLIF technique, in
relationship with the most anterior position of the cage
and of the width of the cage itself; (3) The insertion of

the device in neutral position stabilizes the segment in its
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physiological position without distracting the segment;
and (4) This procedure allows performing a circumferen-
tial fusion with an exclusively posterior and monolateral
approach, preserving muscular insertions and the poste-
rior tension band.

Recently, these devices have gone through an evolu-
tion, with the creation of expansion devices and cardanic
compression devices that allow the distraction and the
compression of the segment during the surgical proce-
dure. These new devices allow modelling the orientation
of the segment towards compression, increasing the pres-
sure on the cage and assuring a better interbody fusion.

INDICATIONS AND LIMITS

The surgical conditions in which restricted and non re-

stricted IPD ate recommended are fully described in the

literature: foraminal and/or central stenosis, soft stenosis,

I grade spondylolisthesis (actually debated), low back
: . J64-69]

pain, black disc™ .

In the last few years, many authors have reported the

high rate of surgical revision and symptom recrudes-
cence in patients who have had these devices implant-
ed® PN 1 my opinion, from the literature review
and my personal experience, surgical indications for the
use of these interspinous devices are basically absent: (1)
In foraminal stenosis, their only action is to accelerate the
segmental degenerative process; (2) In central stenosis,
they have no indication because their action is not reso-
lutive for claudication, with its gold standard treatment
the central decompression obtained with laminectomy;
(3) In spondylolisthesis they ate not indicated because
the shear stress acting on the disc is high and the slippage
would be augmented[28’35’43’46‘; and (4) In low back pain
due to micro-instability and in black disc conditions these
devices would not be implanted because they do not re-
duce micro-instability but increase it, overloading the disc
and augmenting pain.

In my opinion, interspinous devices have no clinical
indication at the moment.

Interspinous stabilizers generating fusion, such as
IFD, have a small range of surgical indications instead:
monolateral or bilateral foraminal stenosis without evi-
dence of spondylolisthesis in X-ray dynamic projections.
These implants, which in my opinion have to be associ-
ated with TLIF and be inserted in neutral position or in
slight compression, can allow the decompression of the
stenotic nerve root with the TLIF technique, explicit in
a slight compression supporting a contact between cage
and endplates to promote a better intersomatic osseous
fusion and promoting an interspinous and intersomatic
osseous fusion, blocking the segmental degenerative
procijs%] responsible for the pathology and the symp-
toms" ",

COSTS

The costs of the device and its surgical revision should
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not be underestimated. In a 2012 review concerning
the post-op status of IPD, Epstein e7 al™ reported a
11.6%-38% complication rate, 4.6%-85% reoperation
rate and a 66.7%-77% incidence of poor outcomes. Fur-
thermore, the cost of every single device is very high. So,
high cost, high rate of complications, reoperation rates
and poor outcomes make the choice of implantation of
an IPD really controversial. In light of the points ex-
pressed previously, I think that IPD can be summarized

as follows: highly expensive and pootly effective™™,

CONCLUSION

Dynamic neutralization systems should be studied, built
and then implanted in order to preserve spinal biome-
chanics. The preservation of the physiological charactet-
istics of the spine should particularly be aimed towards
the whole motor unit (disc, facets, posterior tension band,
ligaments) intended to be responsible for the segmental
movement. IPD, as they are conceived today, do not seem
to respect the biomechanical characteristics of the motor
unit, accelerating the degenerative process and worsen-
ing the pathological process at the root of the clinical

symptoms of patients. So this kind of device does not
seem to have a definite and correct clinical indication at
the moment. The IFD with their main aim as the treat-
ment of the root of the pathological condition (instability)
have a restricted range of clinical indications and their
use can definitely be a source both for the patient and
the surgeon. It is important to underline that these im-
plants must not become a trend but only a weapon in the
surgeon’s hands and, as with every weapon, is extremely
dangerous in wrong hands. So the spinal surgeon is the
only one who can decide when to use it and must know
in detail the effects of this weapon to use it correctly with
no damage for the patient.
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