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Abstract Insertion of an interspinous devices has became
a common procedure for the treatment of different clinical
picture of degenerative spinal disease. We present our
experience in 1,575 patients with the use of two different
interspinous spacers: Device for Intervertebral Assisted
Motion (DIAM) and Aperius PercLID system. From 2000
through 2008, 1,315 consecutive patients underwent DIAM
implantation and 260 had an Aperius PercLID procedure.
The main surgical indications included: degenerative disc
disease (478 patients), canal and/or foraminal stenosis (347
patients), disc herniation (283 patients), black disc and
facet syndrome (143) and topping-off (64 patients). 1,100
patients underwent a single level implant and 475 had a
multiple level implant. Mean operating time was 35 min
for DIAM and 7 min for Aperius. Complications were
detected in 20 patients (10 cases of infections, 10 fractures
of the posterior spinous processes). 40 patients were sub-
sequently treated with posterior arthrodesis (n = 30) or
total disc replacement (n = 10). Patient’s postoperative
clinical status was rated according to the modified Macnab
criteria: symptoms resolution or improvement was
achieved in 1,505 patients; and unchanged or unsatisfac-
tory results in 70. Both techniques are safe, simple and less
technically demanding. These approaches appear to be an
effective alternative in selected cases, although conven-
tional posterior lumbar decompression and fusion still may
be required.
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Introduction

Lumbar spinal stenosis (LSS) is a very common pathology
of elderly population. Neurogenic intermittent claudication
(NIC) represents the major complaint of these patients. LSS
is often a position-dependent condition that is aggravated in
extension and relieved in flexion. Interspinous spacers have
been designed to treat NIC in patients with LSS by limiting
extension [1, 2]. Preclinical studies demonstrated that dis-
traction of the spinous processes allows increasing in the
size of the spinal canal and neural foramina [3-5].

In recent years, extension limiting device usage in
Europe has been rapidly increasing. A growing number of
interspinous devices have been introduced to the market
[6-8].

Implant designs vary from rigid to dynamic structure
and material compositions include titanium, polyethere-
therketone (PEEK) and elastomeric compounds. The sur-
gical indications have been extended, ranging from
degenerative spinal stenosis, discogenic low back pain,
facet syndrome, disc herniations and low-grade instability.
Interspinous spacers allow a good symptoms relief in a
broad-spectrum pathologies, satisfying the modern concept
of minimally invasive technique.

Concerns over the long-term effects of fusion on adja-
cent segments have led to the introduction of the concept of
dynamic stabilization. Development of elastic interspinous
stabilization systems follows the modern philosophy of
motion preservation of the functional spinal unit (FSU).

Biomechanical studies reported that dynamic interspi-
nous devices significantly unload the intervertebral disc at
the instrumented level and do not significantly change the
intradiscal pressures at the adjacent levels [9-13]. Clinical
result in terms of symptoms relief is satisfying in a high
percentage of cases and complications are few [14, 15].
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We present our experience with two different interspi-
nous devices over a period of 8 years.

Materials and methods

A total of 1,756 patients were treated with an interspinous
device from 2000 to 2008. We gathered data from three
different hospitals, where the senior author has been
practicing during this period of time. Inclusion criteria
were implant of an interspinous device and a minimum of
1 year follow-up available. 1,575 patients were suitable for
this study.

DIAM® (Medtronic-Sofamor Danek) implant was per-
formed in 1,315 patients for the treatment of degenerative
disc disease (478 patients), canal and/or foraminal stenosis
(347 patients), disc herniation (283 patients), black disc
and facet syndrome (143) and topping-off (64 patients).
Patients with high-grade congenital or degenerative
spondylolisthesis were not considered candidates to any
interspinous stabilization system at our centres. There were
736 females (56%) and 579 males (44%). The age of the
patients ranged from 19 to 77 years; mean age at the time
of surgery was 51 years.

Since 2007, we introduced the use of AperiusTM Per-
cLID™ (Medtronic-Sofamor Danek) at our centres, for the
treatment of degenerative LSS in elderly patients with high-
risk general conditions. A total of 260 patients were treated
with Aperius PercLID device. The age of the patients ran-
ged from 52 to 91 years; mean age was 72 years.

All the patients underwent Device for Intervertebral
Assisted Motion (DIAM) implantation using general
anaesthesia. Surgical procedure for prosthesis application
was performed in standard technique; differences between
subjects were related to the underlying pathology: discec-
tomy for herniated disc, decompression of nerve roots in
foraminal stenosis, more extended neural decompression in
central stenosis.

The Aperius implantation was conducted under spinal or
local anaesthesia in 258 patients. Additional mild sedation
was necessary in six of these 258 patients to control anxiety
occurred during surgery. The remnant two patients ask
general anaesthesia as personal preference.

Basically, the Aperius PercLID system is composed of a
set of colour-coded distraction trocars of increasing sizes
(8, 10, 12 and 14 mm). The 8 mm distraction trocar has a
sharp pointy tip to pierce the interspinous ligament. Each
trocar and each inserter have a curved shape which facili-
tates convenient access to the target level and optimal
positioning of the implant. Definitive implant is preas-
sembled on a single disposable inserter.

A small (1.5 cm) unilateral skin incision was made
about 10 cm from the midline. Progressive distraction of

the interspinous space and then selected implant size
insertion were conducted under fluoroscopic guidance to
achieve correct positioning.

Patients were evaluated at defined intervals: preoperative,
2, 6 and 12 months after surgery. Symptom severity, phys-
ical functioning, quality of life and self-rated pain were
assessed using the Zurich Claudication Questionnaire
(ZCQ), the EuroQol 5 Domain Questionnaire (EQ-5D) and
the Visual Analog Scale (VAS). Overall clinical outcome
was assessed using the modified Macnab criteria. Postoper-
ative radiographs were obtained before hospital discharge, at
2 and 12 months follow-up to detect adverse occurrences.

Baseline severity of the disease is reported in Table 1.

To compare mean score improvements measured in
continuous scales, such ZCQ and EQ-5D, we used analysis
of covariance (ANCOVA) with the preoperative score as
the covariate. For assessment of statistical significance of
improvement in the outcome a paired ¢ test was used.

Results

Considering the entire patient population, a single level
implantation was performed in 1,100 patients and a mul-
tiple level in 475. A single level DIAM implantation was
performed in 64% of patients (n = 839); a two-level
implant in 33% (n = 435) and a three-level implant in 3%
(n = 41).

In 260 patients treated with Aperius, a one-level pro-
cedure was performed in 72% of patients (n = 188); a two
levels in the others.

The most commonly treated level was L4-L5 in both
groups.

In DIAM group, single levels procedures were per-
formed at: L4-L5 (502 cases), L5-S1 (267 cases), L3-L4
(57 cases), L2-L.3 (12 cases) and L1-L2 (1 case). A double
level DIAM implant at L4-L5 and L5-S1 was performed
in 215 patients; at L3-L4 and L4-L5 in 158 patients and at
L2-1L.3 and L3-L4 in 62 subjects. A three-level procedure
was conducted in 23 cases in L3-L4, L4-L5 and L5-S1; in
18 cases at level L2-L3, L3-L4 and L4-L5.

Aperius single level implants were at L4-L5 (93
patients), L3-L4 (67 patients), L5-S1 (16 patients) and
L2-L.3 (12 patients), respectively. Two levels Aperius
procedures were conducted at L4-L5 and L5-S1 levels in
23 patients, at L3-L4 and L4-L5 in 47 patients and at
L2-1L.3 and L3-L4 in 2 patients.

Table 1 Baseline (preoperative) severity of the disease

VAS for low back pain, mean (SD)
EQ-5D score, mean (SD)
ZCQ score, mean (SD)

7.54 (£2.14)
32.87 (£11.40)
42.31 (£21.53)
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Based on recordings available (in 72 and 95% of cases,
respectively) mean operating time was 35 min (range
23-65 min) for a single level DIAM implantation and
7 min (range 5-10 min) for a single level Aperius
procedure.

DIAM patients were allowed to ambulate on the first
postoperative day. They were usually allowed to be dis-
charged on postoperative day 2.

In case of percutaneous technique under spinal or local
anaesthesia, patients were mobilized 6-12 h
postoperatively.

Postoperative infection was reported in 10 patients
undergone DIAM application (0.7%); they were treated
with systemic antibiotic therapy and surgical debridement
with prosthesis removal. No infections were detected after
Aperius percutaneous technique.

Fracture of the spinous processes were detected on
radiological follow-up images at 2 and 6 months, respec-
tively, in 9 and 1 patients. Only three of the fractures of
spinous processes were reported in Aperius group (1%).

At 1 year follow-up only 40 patients (2.5%) needed a
second surgical intervention at the level previously oper-
ated. Failed back syndrome was treated with posterior
arthrodesis (n = 30) or total disc replacement (n = 10).
Posterior lumbar fusion was obtained with insertion of
intersomatic cages (PLIF) in eight patients and with tran-
spedicular screws placement in 22 patients, respectively.

Patients undergone total disc replacement were all
young female patients (range 32-43 years) with a high-
grade L5-S1 degenerative disc disease.

Significant improvements in all measured scores were
noted at every follow-up interval. Results are shown in
Figs. 1, 2 and 3.

Mean VAS score dropped from 7.54 + 2.14 at baseline
to 2.41 £ 1.78 at 1 year follow-up. The difference was
statistically significant (P < 0.001).

Mean ZCQ score at baseline was 42.31 £ 21.53 and at
1 year follow-up 63.09 £+ 17.37 (P < 0.001).

The average EQ-5D value improved significantly from
32.87 & 11.40 at baseline to 73.76 & 5.71 at 1 year fol-
low-up (P < 0.001). The most important improvement was
seen in mobility and ability for self-care.

Overall postoperative clinical status according to the
modified Macnab criteria is shown in Table 2. Symptoms
resolution or improvement was achieved in 1,505 patients;
unchanged and/or unsatisfactory results were obtained in
70 patients.

Discussion

Increasing life expectancy has made LSS a very common
pathology in the elderly population. An increasing number
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Fig. 1 Comparison of mean VAS score at baseline and at different
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Fig. 2 Comparison of mean ZCQ score at baseline and at different
follow-up intervals
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Fig. 3 Comparison of mean ED-5D score at baseline and at different
follow-up intervals

of old or high-risk patients ask neurosurgical intervention
for the treatment of NIC.

Decompression and fusion have traditionally been used
to manage different clinical pictures of degenerative lum-
bar spinal diseases. The concept of minimally invasive
technique has been developing in recent years in a wide
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Table 2 Summary of modified Macnab criteria outcome

Outcome No.
patients
Excellent 924
No pain

No restriction of mobility
Return to normal work and level of activity

Good 483
Occasional nonradicular pain
Relief of presenting symptoms
Able to return to modified work

Fair 98
Some improved functional capacity
Still handicapped and/or unemployed

Poor 70
Continued objective symptoms of root involvement

Additional operative intervention needed at index level
irrespective of length of postoperative follow-up

range of surgical disciplines, including spinal surgery. The
theoretical goal of a minimal invasive approach is symp-
toms relief, minimizing anatomical modification and
surgical-related complications. Introduction of these pro-
cedures allowed to extend surgical indications to an old or
high-risk patients population.

Following this new trend, X STOP® Interspinous Pro-
cess Decompression System (Medtronic-Sofamor Danek)
was introduced as an attractive alternative to conventional
surgical procedures for patients with LSS with moderate to
severe impairment. Without disrupting the normal ana-
tomical structures, this rigid interspinous device could
limits narrowing of the spinal canal and neural foramina
[5, 16].

Siddiqui et al. performed different magnetic resonance
imaging (MRI) studies to quantify the effect of the implant
in vivo on the lumbar spine at the instrumented levels.
Significant increase in the dimensions of the neural fora-
men and canal area were demonstrated after surgery. No
significant changes were seen in disc heights, segmental
and total lumbar spine movements postoperatively. Con-
clusions were that X-Stop device does not affect the sag-
ittal kinematics of the lumbar spine and improves the
degree of central and foraminal stenosis in vivo [3, 17, 18].

Biomechanical studies have been performed on cadavers
looking at disc pressures and segmental range of move-
ments. Swanson et al. reported that a rigid interspinous
spacer does not significantly change the intradiscal pres-
sures at adjacent levels, but it significantly unloads the
intervertebral disc at the instrumented level in the neutral
and extended positions [9].

Lindsey et al. described a reduction of flexion—extension
range of motion at the instrumented level, but axial rotation
and lateral bending were not affected. The range of motion
in flexion—extension, axial rotation and lateral bending at
the adjacent segments was not significantly affected by the
implant [1].

Loading parameters of lumbar cadaver spines were
measured in the facet joints of the implanted and adjacent
levels by Wiseman et al. The implant significantly reduced
the mean peak pressure, average pressure, contact area and
force in the facet joints at the implanted level. The same
parameters at the adjacent levels were not significantly
different between the intact and implanted specimens [19].

Conclusions of these biomechanical studies were that
interspinous implant does not significantly alter the kine-
matics and does not cause accelerated disc degeneration of
the segments adjacent to the instrumented level. Interspi-
nous process decompression will unlikely cause adjacent
level facet pain or accelerated facet joint degeneration.
Furthermore, pain induced from pressure originating in the
facets and/or posterior anulus of the lumbar spine may be
relieved by interspinous process decompression.

Clinical outcome in X-stop usage are satisfying, dem-
onstrating extension limiting devices to be effective in
relief of low back pain and NIC [2, 17, 20-22].

Results from prospective, randomized trials reported
that rigid interspinous spacers offer a significant improve-
ment over nonoperative therapies, at 1 and 2 years follow-
up, with considerably lower morbidity than decompressive
laminectomy [23-26].

Recently, a new rigid interspinous decompression sys-
tem the Aperius™ PercLID™ has been introduced in the
market. The implant core is manufactured of Titanium
alloy (TiAl6V4 alloy), while the external shell is composed
of commercially pure Titanium. This system, similarly to
X-stop device, obtains neural element decompression
through interspinous process distraction, limiting spinal
motion in extension and enlarging spinal canal and neural
foramina. Pain relief is achieved also unloading interver-
tebral disc and facet joints. In addition, it has the benefit of
being a completely percutaneous technique. Hence, the
procedure can be carried out under local or spinal anaes-
thesia which is a significant asset in cases where surgery is
required; however, general anaesthesia represents a high
risk due to the patient’s health status.

Since 2007, we introduced the use of Aperius at our
hospital for the treatment of LSS in elderly patients with
high-risk general conditions. Our clinical results were
good, comparable with data reported in previous studies on
outcomes with X-stop device.

We detected a very short duration of the procedure
because surgical technique is easy. The percutaneous nat-
ure of the Aperius system allowed to reduce blood loss and
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risk of infections. The patient was mobilized a few hours
after surgery, minimizing complications such deep venous
thrombosis, particularly frequent in old bed-ridden
patients. All of these advantages were reflected in a short
hospital stay and a quick return to daily activities.

We support Aperius as a good option for the treatment
of LSS in an old or high-risk population. Although this is
not a comparative study, Aperius seems to represent an
alternative to fusion techniques and to other interspinous
devices requiring open-surgical technique.

In spinal surgery, the success of minimally invasive
techniques was supported by advanced biomechanical
knowledge. Every anatomical unit represents an important
stabilizing component of the lumbar spine, so it deserves to
be preserved whenever it is possible. Minimal modifica-
tions on the lumbar segmental anatomy allow maintenance
of physiological kinematics and load repartition.

Surgical technique for interspinous devices application
require minimal surgical exposure and satisfy the concept
of anatomical preservation.

Posterior dynamic devices have been developed to sta-
bilize painful diseased lumbar segments while preserving
motion. In a computational model, the elastic implant has
shown a more physiological flexural stiffness respect to the
titanium implant, which exhibited an excessive stiffness
and permanent strains (plastic strains), even under physi-
ological loads [27].

Biomechanical properties of elastic interspinous devices
were confirmed in studies conducted on cadavers [9-13].

The DIAM is as a silicone interspinous shock absorber
acting like a “bumper”. Its core provides stability in
extension and two independent laces fastened to the spi-
nous processes stabilize the segment in flexion acting like a
tension band. The DIAM allows realignment of facets
interface and restoring of the facets congruence. The dis-
traction of the neural arch enlarges the neural foramen
relieving neural compression.

Indications for use of the DIAM as they were origi-
nally formulated are: dynamic stenosis, foraminal stenosis
and disk herniation. A further indication for the DIAM is
adjacent segment disease after lumbar fusion. Elastic
stabilization reduces stresses on the adjacent disc. The
DIAM device can, therefore, be used in conjunction with
a fusion when decompression or instrumentation com-
promises the adjacent facets, in multiple level fusions,
and in cases of degeneration of segments adjacent to the
fusion [11].

Biomechanics of the instrumented and adjacent levels
due to the insertion of the DIAM spinal stabilization sys-
tem were studied in a three-dimensional finite element
model by Bellini et al. The implant caused a reduction in
range of motion of the instrumented level by 17% in
flexion and by 43% in extension, whereas at the adjacent
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levels no significant changes were predicted. Intradiscal
pressure at the instrumented level was reduced in flexion,
in extension and in axial rotation, while no variations in
pressure were detected in lateral bending [13].

Philips et al. analyzed the effects of the DIAM device on
cadaveric lumbar spine after discectomy. The DIAM
device is effective in stabilizing the unstable segment,
reducing the increased segmental flexion—extension and
lateral bending motions observed after discectomy [28].

Preliminary clinical results with DIAM were satisfying
in more than 90% of cases [14, 15, 29].

Randomized clinical trial is on the way.

To our knowledge, our series of 1,315 patients treated
with DIAM is the largest available in literature to date. We
reported good results in terms of pain relief and self-related
evaluation of outcome in a large number of cases. High-
grade spondylolisthesis patients were preliminary excluded
from this study, as they can theoretically be not respondent
to a dynamic stabilization system. A rigid interspinous
distraction device has been previously showed an extre-
mely high failure rate, defined as surgical re-intervention,
in patients with degenerative spondylolisthesis [30].

We think that interspinous elastic device should be
considered in any clinical picture, where a developed low-
grade instability requires stabilization but at the same time
the FSU deserves motion preservation.

In recent years, biological attempts to regenerate the
disc are promising. Degenerative disc disease always
includes mechanical alterations of disc height, intradiscal
pressure, opening of neural foramina, load distribution and
FSU motion. We think that interspinous dynamic devices
could help restoring the physiological mechanical proper-
ties of a degenerated spinal segment.

We finally agree with Schnake et al. assertion that only
dynamic stabilization systems currently offer the potential
of a mechanical approach to intervertebral disc regenera-
tion [31].

Last but not least we want to remind that interspinous
implant represents a reversible surgical procedure. Any
case of failed back syndrome could be surgically revisable.
Anatomical preservation allow subsequent appliance of
every other surgical technique, like decompression, ante-
rior and posterior fusions, disc arthroplasty.

Conclusions

Clinical reports of patients who underwent interspinous
stabilization are good. Interspinous spacers satisfy the
concept of minimally invasive techniques.

Relief of low back pain and NIC is satisfactory in a
relevant percentage of patients treated with Aperius device.
A longer follow-up period is needed but clinical early
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results are good and promising. The surgical approach can
be conducted under local or spinal anaesthesia, thanks to a
percutaneous technique for implantation. Surgical tech-
nique is easy, duration of the procedure and time of hos-
pitalization are short. Hence, this procedure can be
proposed to an old or high-risk population.

DIAM represents a new philosophy in the treatment of
degenerative lumbar spine pathology. It represents an
alternative option to spinal fusion, providing an excellent
pain control in the treatment of a broad spectrum of lumbar
spine degenerative disease. It provides stability avoiding
potential degenerations at the adjacent levels. DIAM rep-
resents a modern dynamic stabilization system allowing
motion preservation and restoration of mechanical prop-
erties in a degenerate FSU. To date, there is no evidence
that dynamic implants will lead to disc regeneration. Future
scientific researches may be conducted to find such evi-
dences. Modern treatment concepts should combine intra-
discal biological therapy together with dynamic restoration
of the affected spinal segment.

Conflict of interest None.
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