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Abstract Patients with low back pain (LBP) suffer
chronic disability. In 40% of LBP patients degenerative
disc disease (DDD) seems to be the cause. This prospective
case series assessed the efficacy of the interspinous device
for intervertebral assisted motion (DIAM™) in patients
with LBP resulting from DDD. All patients were initially
assessed by physical examinations, magnetic resonance
imaging, dynamic X-rays and provocative discography.
Eligible patients (n = 52) had LBP for a minimum of
4 months, and received surgery with the DIAM™ system
2-4 weeks after diagnosis. Patients were evaluated pre-/
post-operatively for pain severity using a visual analogue
scale (VAS), and for dysfunction and disability with the
Roland-Morris Disability Questionnaire (RMDQ). VAS
and RMDQ score changes were assessed using the appro-
priate contrasts and Bonferroni-corrected P values. As a
result, significant (P < 0.0001) pain score reductions were
observed between baseline values, and 2 (3.7, 95% CI 3.1;
4.2) and 48 (3.1, 95% CI 2.5; 3.6) months follow-up
(intent-to-treat population). Disability scores were signifi-
cantly (P < 0.0001) reduced between baseline and 2 (8.6,
95% CI 7.4; 9.9) and 48 (7.5, 95% CI 6.1; 8.9) months.
Disability scores were similar from months 2 to 48. At
48 months, 67.3% of patients reached the minimum clini-
cally important difference (MCID; >1.5-unit improve-
ment) in VAS score and 78.9% of patients reached the
MCID (>30% improvement) in RMDQ score. No com-
plications were associated with surgery. In conclusion,
patients with LBP treated with the interspinous DIAM™
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system showed significant and clinically meaningful
improvements in pain and disability for up to 4 years.

Keywords Degenerative disc disease - DIAM -
Interspinous device - Low back pain - Minimally
invasive treatment - Pain reduction

Introduction

Low back pain (LBP) is a leading cause of chronic dis-
ability and psychological distress, and afflicted individuals
frequently seek or require medical assistance. In Europe,
estimates of the lifetime prevalence of back pain range
from approximately 60 to 90% [2, 3, 8, 18].

Back pain can originate from any of the innervated
structures constituting the lumbar spine and surrounding
areas. Identification of the source of back pain can be
challenging as different pathologies may share common
symptoms. However, in 40% of reported cases the back
pain is of discogenic origin [1]. Disc degeneration is con-
sidered to be the main cause of disc pain—it was proposed
that nociceptors in the annulus and endplates stimulate
pain, although the precise mechanism is unknown [5].
Degenerative disc disease (DDD) may give rise to seg-
mental instability due to a reduction in the volume of the
nucleus pulposus, loss of disc height and subsequent liga-
mentous laxity. Segmental instability, characterized by
small abnormal vertebral movements outside the normal
range, may be responsible for the pain. It was also pro-
posed that LBP may originate from the facet joints, but
several clinical studies have failed to verify this theory
[16, 21, 22].

Provision of effective treatment for LBP associated with
DDD remains challenging. Conservative physical-based
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treatments available include exercise therapy and manual
therapy [30]. In one study, physical-based treatment was
demonstrated to be effective in the short term but was not
successful in the long term or as maintenance therapy [29].

Invasive treatment modalities for chronic LBP are
generally applied after conservative treatments have failed
to achieve the desired outcome. Fusion and total disc
arthroplasty are the most common surgical options used to
treat LBP resulting from DDD with or without segmental
instability. However, the clinical success of fusion varies
widely (16-95%) and depends mainly on the indication
criteria being used [27, 28, 31]. In addition, patients who
undergo spinal fusions or total disc replacement generally
have more complications, longer hospital stays and higher
hospital charges than patients undergoing other types of
back surgery.

Percutaneous approaches were recently introduced for
treatment of LBP resulting from DDD. The efficacy of
these procedures has yet to be demonstrated in well-
designed randomized controlled trials, but preliminary
clinical studies showed beneficial effects [9, 12, 14, 15, 24,
25, 32]. Recently, a number of interspinous non-fusion
devices entered clinical practice in Europe. All of these
devices act on the posterior part of the functional spinal
unit by distraction of the spinous processes and by avoiding
extension of the treated segment. These devices appear to
improve the cross-sectional area of the spinal channel and
enlarge the diameter of the intervertebral foramina [13].
Several studies in patients with neurogenic claudication
and back pain showed that treatment with interspinous
spacers led to significant improvements in patients’ ability
to walk. A collateral finding in these patients was an
improvement in both claudication and LBP [4, 9, 11, 20,
23, 26].

The aim of this longitudinal prospective case-series
study was to assess the efficacy of the DIAM™ spinal
stabilization system for the treatment of patients with LBP
resulting from DDD.

Methods

This case-series report presents 4-year follow-up data in 52
patients with LBP resulting from DDD treated with the
interspinous DIAM™ spinal stabilization system (Cousin
Biotech; distributed by Medtronic). Surgery was performed
between December 2003 and December 2004 at the Unita
Funzionale di Chirurgia Spinale c.d.c. Villanova in Flor-
ence, Italy.

All treatment alternatives, the probability of success,
and the risk factors associated with treatment were dis-
cussed with each patient. All patients signed an informed
consent form.

Patients and eligibility criteria

Patients affected by LBP for a minimum of 4 months, with
Pfirrmann type 3 or type 4 disc degeneration and with no
more than Modic type 1 or type 2 vertebral body
involvement, were eligible for surgery with the DIAM™
spinal stabilization system.

Exclusion criteria

Patients with more severe disc degeneration (Pfirrmann
type 5), lysthesis and/or lysis, severe osteoporosis, signs of
lumbar kyphosis, hypogenesis or agenesis of the spinous
process, tumours, fractures, deformities or history of other
diseases eventually presenting with the symptoms of LBP
were not eligible. Similarly, surgery with the DIAM™
spinal stabilization system was not indicated in patients
who previously were submitted to laminectomy or
hemilaminectomy.

Diagnostic procedures

Diagnostic work-up included collection of patient history
and physical examinations, and all patients were assessed
by magnetic resonance imaging (MRI), dynamic X-rays
and provocative discography.

Patient history and physical examinations

Patients were asked to describe the pain they felt and note
whether the level of pain changed upon loading and
unloading of the spine. A physical examination assessed
whether patients experienced pain when pressure was
exerted on the spinous processes. A straight leg rising test
was performed and a search for signs of nerve root
involvement was performed to identify any sensitivity or
motor deficits.

Imaging

Magnetic resonance imaging of the lumbar spine was used
to determine evidence of DDD. Each MRI examination
was assessed by one radiologist.

Dynamic X-rays were reviewed for segmental instabil-
ity. The spinal segment was considered unstable if the
intervertebral angle in flexion was greater than 5°, or if the
flexion—extension range of motion was greater than 20° at
L4-L5, or greater than 19° at L3-L4 or L2-L.3. Transla-
tional instability was confirmed when the translation from
flexion to extension was greater than 10% of the anterior—
posterior distance of the endplates.
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Provocative discography was performed according to
standard procedures, using a postero-lateral, extra-articular
approach to the disc and an injection of 2 mL of non-ionic
contrast dye inside the disc space under low to medium
pressure (20-30 psi). The concordance of evoked pain and
memory pain was assessed during the procedure.

Surgical procedures

All patients (with a history of LBP for a minimum of
4 months) were referred for surgery 2 weeks—1 month after
diagnosis. Surgery was performed under spinal anaesthesia
with patients in the knee—chest position. A C-arm control
was performed to identify the correct level. A 4-8 cm mid-
line skin incision was made and the paravertebral muscles
were stripped from the spinous processes until the corre-
sponding lamina was reached on both sides. The interspinous
ligament was removed while leaving the supraspinous liga-
ment in place (ensuring that >0.5-cm width of the supra-
spinous ligament remained to maintain its strength). The
interspace between the two spinous processes was prepared
and measured for the appropriately sized DIAM™,

The DIAM™ was placed from the side, under the
supraspinous ligament and positioned as anteriorly as pos-
sible until it made bilateral contact with the lamina. The
device was anchored by passing the laces around the superior
and inferior spinous processes. No drainage was used after
the procedure. The operating time for single-level surgery
was 15-35 min and for double-level surgery was 35-50 min.
Patients were raised from bed after 6-12 h and discharged
the next day. Patients were not braced postoperatively.

Patient-reported measures

Patients reported their level of pain using a visual analogue
scale (VAS), where 0 = no pain and 10 = very severe
pain. The minimum clinically important difference (MCID)
in pain-VAS was defined as an improvement from baseline
(pre-surgery) of at least 1.2 or 1.5 units [6, 7].

Dysfunction and disability were evaluated by a self-
administered Roland-Morris Disability Questionnaire
(RMDQ) on a scale of 0-24 [19]. The patients completed
these questionnaires prospectively at baseline and at 2, 6,
12, 24 and 48 months after surgery. The MCID for dis-
ability was defined as an improvement from baseline of at
least 30% in the RMDQ score [10].

Statistical analysis

The intent-to-treat (ITT) population included all study
patients (n = 52). Missing values were imputed using the
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last observation carried forward (LOCF) method for
patients who were lost to follow-up. Missing values at
month 48 were imputed with the patient’s baseline values
for those who had a second surgery at the index level;
observed values were used for patients who had a second
surgery at a different level.

The per-protocol (PP) population excluded all patients
who were lost to follow-up at month 48, as well as patients
who had a second surgery at a level different from the
index level. Patients who had a second surgery at the index
level were included in the analysis; the month 48 data were
imputed with the patient’s baseline values.

All statistical analyses were performed using SAS
(version 9.1; SAS Institute, Cary, NC, USA). A generalized
estimating equations (GEE) modelling approach with
unstructured working correlations was used to analyze the
average profile of pain-VAS and RMDQ scores. The
decrease in pain-VAS and RMDQ scores after surgery was
assessed using the appropriate contrasts and Bonferroni-
corrected P values. P values <0.05 were considered to be
statistically significant.

Results
Demographics and treatment history at baseline

A total of 52 patients presented with LBP, with 19 patients
also describing slight pain irradiating to buttock and thigh.
The duration of pre-operative symptoms ranged from 6 to
84 months [mean =+ standard deviation (SD) 31.8 &
20.2 months, median 24.0 months]. Ten patients had a
history of discectomy without recurrence, but later devel-
oped back pain.

All patients had previously received conservative treat-
ment (mainly physical therapy or exercise therapy) and
most patients had taken non-steroidal anti-inflammatory
drugs, as needed, for back pain.

Overall, the mean age of patients was 49.4 years (range
29-77 years), and 29 patients were female. Forty-four
patients were employed (25 sedentary workers and 19
manual labour workers) and eight patients were retired.

Patient disposition

No complications occurred in any patients receiving the
interspinous DIAM™ spinal stabilization system. Seven
patients needed artificial supraspinous ligament recon-
struction during surgery. Six patients underwent a second
surgery—this was performed at the same index level in
four patients and at a different level in two patients. Three
patients needed a second surgery at the same index level
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(2-6 months post-surgery) because of a pull-out of the
device due to inadequate securing of the laces. One other
patient required a second surgery at the same index level,
after a fall from a height of 3 m, which caused the device to
fail. All four patients reported an immediate worsening in
pain levels and MRI confirmed the aforementioned con-
ditions. The three patients with device pull-out underwent
immediate further surgery and the patient who suffered the
fall underwent surgery 3 months after the trauma—all
patients showed improvements in back pain. In total, three
patients were lost to follow-up at 48 months.

Reductions in pain

At baseline, the VAS score was 6.0 £ 1.9 (mean + SD)
for both the ITT and PP populations (Tables 1, 2). After
surgery, VAS scores were lower at all follow-up visits from
months 2 to 48 (range: ITT 1.9-2.9, PP 1.7-2.8) compared
with baseline (Tables 1, 2; Fig. 1).

In the ITT population, significant (P < 0.0001) VAS
score reductions were observed between baseline and 2
(3.7,95% CI13.1; 4.2) and 48 (3.1, 95% CI 2.5; 3.6) months
follow-up. VAS scores from months 2 to 24 were similar
(P = 0.415). A significant (P = 0.0052) increase in VAS
scores was observed from months 24 to 48 (—0.9, 95% CI
—1.4; —0.4), although the 48-month VAS scores
(2.9 &+ 2.5) remained significantly improved compared
with baseline (Table 1).

Similarly in the PP population, significant (P < 0.0001)
VAS score reductions were observed between baseline and
2 (3.7, 95% CI; 3.2; 4.3) and 48 (3.1, 95% CI 2.5; 3.7)

months follow-up. VAS scores were similar across months
2-24 (P = 0.144) and a significant increase was observed
between month 24 and 48 (-1.0, 95% CI -1.5; -0.4)
(Table 2).

A significant (P < 0.0001) proportion of patients
reached the MCID (1.2 or 1.5 unit improvement) in pain-
VAS score (71.2 and 67.3%, respectively) between base-
line and 48 months (Table 3).

Reductions in disability

RMDQ scores at baseline were 13.7 &= 4.9 (mean &+ SD)
for the ITT population (Table 4) and 14.0 £ 5.0 for the PP
population (Table 5). Following surgery, a reduction in
disability was observed at months 2-48 (range: ITT 4.2-6.2,
PP 3.9-6.0) compared with baseline (Fig. 2; Tables 4, 5).

In the ITT population, significant (P < 0.0001) reduc-
tions in disability were observed from baseline to month 2
(8.6, 95% CI 7.4; 9.9) and month 48 (7.5, 95% CI 6.1; 8.9).
Mean disability scores at months 2, 6, 12, 24 and 48 were
similar (P = 0.05).

In the PP population, significant (P < 0.0001) reduc-
tions in disability were observed from baseline to month 2
(9.1, 95% CI 7.8; 10.4) and month 48 (8.0, 95% CI 6.5;
9.4). Mean disability scores were similar (P < 0.1934) for
months 2-24, but significantly increased from month 24 to
48 (2.1, 95% CI —-3.5; 0.7, P = 0.0216).

The proportion of patients reaching the MCID (>30%
improvement in RMDQ score) between baseline and month
48 was 78.9% for the ITT population and 80.8% for the PP
population (Table 6).

Table 1 Summary of patient-

reported pain-visual analogue Visit Number of Mean £+ SD 95% confidence Median
scale (VAS) scores by visit patients intervals
(intent-to-treat population) Baseline 52 6.0+ 19 5.5-6.5 6.0

2 months 52 23+ 15 1.9-2.7 2.0

6 months 52 19+ 14 1.5-2.3 1.5

12 months 52 2.1+19 1.6-2.7 2.0

24 months 52 20+ 1.8 1.6-2.5 1.5

48 months 52 294+25 2.2-3.6 2.0
rTe?)l(:lr‘:efl p)sal;:r\;}zfl};loafng ?:)1;3;_ Visit Nunllber of Mean £+ SD ?5% confidence Median
scale (VAS) scores by visit patients intervals
(per-protocol population) Baseline 47 60+ 19 5.4-6.5 6.0

2 months 47 224+ 15 1.8-2.7 2.0

6 months 47 1.7+ 1.2 1.3-2.0 1.5

12 months 47 20+ 1.8 1.4-2.5 1.7

24 months 47 1.9 + 1.7 1.4-2.4 1.5

48 months 47 2.8 £2.6 2.1-3.6 2.0
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Fig. 1 Mean pain-visual
analogue scale (VAS) scores in

(A) Intent-to-treat population (n=52)
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reaching the minimum clinically o
important difference 1.2 unit improvement 71.2 57.0-82.9 <0.0001
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important difference (not 1.2 unit improvement 74.5 59.6-86.1 <0.0001
minimal clinically importance 1.5 unit improvement 70.2 55.1-82.6 <0.0001

difference)

Discussion

This prospective case series demonstrated that surgery with
the interspinous DIAM™ spinal stabilization system
reduced pain and disability for up to 4 years post-surgery
in patients with LBP.

Low back pain (LBP) is often caused by mechanical
loading, which may trigger internal disc disruption and loss
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of water from the nucleus pulposus. The subsequent cas-
cade of degenerative events leads to a reduction in disc
height, narrowing of the intervertebral space, and mala-
lignment of the facet joints. All of these events reduce
normal physiological movements between two adjacent
vertebrae and increase anomalous movements (micro-
instability) arising from laxity of the ligaments and the
annulus fibrosus. These events may stimulate known pain
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Table 6 Proportion of patients with a change from baseline to month 48 in Roland—Morris Disability Questionnaire (RMDQ) scores reaching

the minimum clinically important difference

Patient population Proportion of patients 95% confidence P value
reaching MCID intervals
(>30% improvement)
Intent-to-treat (n = 52) 78.9 65.3-88.9 <0.0001
Per-protocol (n = 47) 80.8 66.7-90.8 <0.0001

MCID minimum clinically important difference

generators: mechanoreceptors in the vertebral endplates;
nociceptors in the posterior part of the annulus fibrosus; the
posterior longitudinal ligament; the capsule of the facet
joints and the dura mater; and the sinuvertebral nerves [5].
Hence, LBP resulting from the degenerating functional
spinal unit probably arises from multiple sources.

In theory, maintaining the height of the intervertebral
space should help reinstate a more natural position and
eliminate most of the pain. Cadaveric studies showed that
interspinous devices distract the posterior part of the
functional spinal unit, reposition and unload the facet joints
and reduce intervertebral pressure, particularly on the
posterior part of the endplates [14, 17]. Distraction of the
spinous processes relieves the load from the posterior part
of the intervertebral disc and diminishes the axial pressure
across the endplates (i.e. some of the load is transferred
from the disc to the posteriorly placed device, which
releases the pressure from the endplate mechanoreceptors).
Also, distraction of the posterior part of the intervertebral
space may stretch the annulus fibrosus and the posterior
longitudinal ligament into a more natural position,
improving their capacity to resist loading stress. As a
consequence, stimulation of pain receptors within these
structures is likely to be minimized. Furthermore, re-posi-
tioning the facet joints relieves the axial pressure on the
articular surfaces, and limits extension movements and
impingement of sinuvertebral nerves. Thus, interspinous
devices act on most of the known generators of pain at the
lumbar level. A further advantage of interspinous devices
was highlighted in biomechanical studies, which demon-
strated that these devices do not impair the range of motion
in adjacent vertebral levels [14, 17].

Limitations of the current study include the lack of
randomization of patients or a control population receiving
standard of care. Indeed, a randomized, controlled, phase
IIT study comparing the safety and efficacy of the inter-
spinous DIAM™ spinal stabilization system with conser-
vative care is currently underway in patients with moderate
single-level lumbar DDD (NCT00456378). Also, as the
number of patients included in the study was relatively
small this restricted any specific subgroup analyses (e.g. by
age) being performed because the data would not be real-
istic. In addition, while MCID values selected for this study
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were associated with the minimal detectable change per-
ceived by patients, alternative calculation methods might
produce different MCID values. Finally, although vertebral
disc height was not addressed in this study, a comprehen-
sive follow-up analysis will investigate this outcome, plus
MRI characteristics of disc hydration, posterior longitudi-
nal ligament alignment and sagittal balance in the same
group of patients.

In summary, these initial findings are promising and
demonstrate that a substantial proportion of patients in this
case series who underwent surgery with the interspinous
DIAM™ spinal stabilization system experienced reduc-
tions in pain and disability for up to 4 years following
surgery, with no complications.
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