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Executive summary

The procedure

Lumbar non-fusion posterior stabilisation devices are an alternative to decompression
surgery or fusion surgery with/without decompression for the treatment of degenerative
conditions of the spine (primarily involving radicular pain) that have failed to respond to
conservative treatment.

There are a number of different non-fusion devices available but they all operate on the
same biomechanical principle, that is to limit hyperextension of the vertebrae at the level
where the implant is inserted and to unload the posterior elements. Non-fusion devices
may be divided into two main groups—interspinous spacers and pedicle screw systems.
Interspinous spacer devices are, as their name suggests, inserted between the spinous
processes and have no rigid fixation to the vertebral pedicles. Four kinds of interspinous
spacers are available in Australia: the X STOP, the Wallis, the Coflex and the DIAM.
These devices are all essentially similar and it is the view of the Advisory Panel that data
for one device can be reasonably extrapolated to the others. There is only one pedicle
screw system available in Australia, the Dynesys. This device differs from the
interspinous devices as it may provide more rigid stabilisation and requires a more
extensive surgical procedure for its insertion. Although the Dynesys looks superficially
similar to standard posterior fusion devices, the structures connecting the vertebral
bodies to one another are flexible and are not intended to provide rigid stability.

Medical Services Advisory Committee — role and approach

The Medical Services Advisory Committee (MSAC) was established by the Australian
Government to strengthen the role of evidence in health financing decisions in Australia.
The MSAC advises the Minister for Health and Ageing on the evidence relating to the
safety, effectiveness and cost-effectiveness of new and existing medical technologies and
procedures, and under what circumstances public funding should be supported.

A rigorous assessment of the available evidence is thus the basis of decision making when
funding is sought under Medicare. A team from Adelaide Health Technology
Assessment, School of Population Health and Clinical Practice, at the University of
Adelaide, were engaged to conduct a systematic review of the literature on lumbar non-
fusion posterior stabilisation devices for the treatment of symptomatic lumbar spinal
stenosis, degenerative spondylolisthesis, herniated disc and facet joint osteoarthritis
(primarily with lumbar radicular compromise). Literature searches were conducted up
until April 2006 from AustHealth, Cinahl, Cochrane Library, Current Contents, Embase,
Pre-medline, ProceedingsFirst, Web of Science and EconlLit. Studies that met pre-defined
criteria were included to assess the safety and effectiveness of non-fusion devices. An
advisory panel with expertise in this area then evaluated the evidence and provided advice
to the MSAC.

viii
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The MSAC’s assessment of lumbar non-fusion posterior
stabilisation

Clinical need

The Australian prevalence of symptomatic lumbar spinal stenosis, degenerative
spondylolisthesis, herniated disc or facet joint osteoarthritis (primarily with lumbar
radicular compromise) that fail to respond to conservative management was determined
from the number of surgical procedures (decompression and/or fusion procedutres)
suitable for this population that were undertaken in 2005-06. There were 11,843 patients
who underwent fusion and/or decompression procedures in 2005-06 that were
reimbursed through the Medicare Benefits Schedule (MBS). Since it is estimated that 71
per cent of patients receive decompression and/or fusion surgery in the private hospital
system, it is estimated that another 4,937 patients would undergo these procedures in
public hospitals. Therefore, the best estimate of the prevalence of degenerative disorders
of the lumbar spine failing to respond to conservative management is estimated to be
16,680 per year. While this would include patients who receive comparative procedures
for indications not suitable for non-fusion devices, there would also be a small number
of patients who currently do not undergo surgery, but who might be considered for non-
fusion stabilisation.

Safety
There were 11 studies that provided information on the safety of non-fusion devices.

The Dynesys

The highest level of evidence on the Dynesys came from two historically controlled
studies (level I1I-3 interventional evidence), with the addition of six case series (level IV
interventional evidence). In total, there were 406 people who received one or more of the
Dynesys devices.

The rate of complications varied largely between studies. Major adverse events such as
malpositioning of screws and pedicle fractures occurred in a median of 5 per cent of
patients who received the Dynesys. Minor adverse events associated with the Dynesys
included dural lesions and superficial wound infections. Limited comparative evidence
(two studies of level I1I-3 evidence) found similar rates of minor complications between
the Dynesys and the comparative treatments—decompression with/without fusion
surgery.

Loosening of interspinous pedicle screws in the Dynesys may require intervention. Loose
screws were evident in up to 16.7 per cent of patients who received the Dynesys device.
No studies were available to compare rates of screw loosening or breakage between the
Dynesys pedicle screw system and pedicle screw systems associated with fusion surgery.

Blood loss appeared to be related to the complexity and invasiveness of the procedure.
The Dynesys device is inserted via a more invasive procedure than a nucleotomy alone,
and subsequently had a greater blood loss (level 111-3 evidence). One study found that
the insertion of the Dynesys resulted in slightly more blood loss than a fusion procedure,
but in this study 25 per cent more screws were inserted with the Dynesys than with
tusion.

Lumbar non-fusion posterior stabilisation devices ix



Opverall, the Dynesys appears to be safe, and was found to be as safe as decompression
surgery alone or decompression surgery with fusion.

The Dynesys device is the most invasive of the lumbar non-fusion posterior stabilisation
devices because of the insertion of pedicle screws. It is therefore thought that
generalising the results of the safety of the Dynesys to the other devises would not result
in any underestimation of the safety concerns.

The X STOP

Two studies were included that assessed the safety of the X STOP device (level IV
evidence). Minor complications such as respiratory distress, wound swelling and pain
occurred in up to 8 per cent of patients, and major complications such as malpositioned
implants occurred in up to 3 per cent of patients. One death was reported that was
potentially related to the surgery, caused by pulmonary oedema in a patient with a history
of cardiovascular disease. The X STOP requires a less invasive procedure than either the
Dynesys system or fusion surgery, and was associated with lower mean blood loss.

The Wallis

Only one study was included that provided information on the Wallis device (level I11-2
evidence). Forty patients who received the Wallis device after a discectomy had a similar
frequency of minor complications as a group of patients who received a discectomy
alone.

Effectiveness

A total of 11 studies provided information on the effectiveness of non-fusion devices.

The Dynesys

Two average quality historically controlled studies (level I1I-3 evidence) compared
decompression and the Dynesys against decompression alone, or decompression and
fusion surgery.

One of the controlled studies reported that the Dynesys was as effective at reducing pain
as decompression surgery alone. The other controlled study found that patients who
received fusion surgery reported less pain after 14 months than patients who received the
Dynesys but, due to the small sample size, the statistical significance of this difference
was not calculated. Both the Dynesys and fusion (with prior decompression surgery)
were effective at improving quality of life (short form — 306).

The two controlled studies found that the Dynesys was as effective as, or more effective
than, decompression surgery with/without fusion surgery at improving patient assessed
functioning. The functional status of patients prior to and after surgery was also
determined in two uncontrolled studies (level IV evidence), both of which reported an
improvement in functioning after insertion of the Dynesys.

Analgesic use may be a surrogate measure of pain, and thus was a secondary
effectiveness outcome in this report. One uncontrolled case series (level IV evidence)
found that significantly fewer analgesics were used after insertion of the Dynesys device
than previously.

Hospital stay was found to be shorter for patients who received the Dynesys (19.3 days)
than those who received fusion surgery (28.4 days) (level I1I-3 evidence). These figures
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are unlikely to reflect Australian practice (where average length of stay for spinal fusion is
9.1 days).

The Advisory Panel agrees that non-fusion devices are of equal clinical effectiveness to
decompression with or without fusion when used for specific conditions.

The X STOP

Lower level (IV) evidence found that the X STOP resulted in statistically significant
improvements on all subscales of the SF-30, although the clinical relevance of these
results is unclear. There was a clinically significant improvement in pain in 40—

60 per cent of patients who received the X STOP, while functioning was significantly
improved in 10-57 per cent of patients.

The Wallis

Level I11I-2 evidence found that the Wallis device resulted in a greater reduction in patient
pain than discectomy alone, although it is unclear whether the difference was statistically
or clinically significant. Patients receiving the Wallis also had more functional
improvement than those only receiving discectomy (level 111-2 evidence). Patients had
the same rate of subsequent operations regardless of whether a discectomy occurred with
or without a Wallis implant.

Economic evaluation

As the Advisory Panel determined that lumbar non-fusion posterior stabilisation devices
were no worse than decompression and/or fusion surgery for the treatment of
symptomatic lumbar spinal stenosis, degenerative spondylolisthesis, herniated disc or
facet joint osteoarthritis (primarily with lumbar radicular compromise) that fail to
respond to conservative management, the incremental cost/saving of non-fusion devices
were determined. Taking into account medical practitioner fees, theatre and hospital
accommodation, and the cost of the prostheses, non-fusion devices were found to cost
$7,634 more per person than decompression surgery alone. However, the non-fusion
devices were found to cost $10,875 /ess per person than fusion surgery. When the
incremental costs of non-fusion devices are weighted according to the expected usage,
the average additional cost per patient is $3,097.

The overall financial impact to the Commonwealth is estimated to be between an
expenditure saving of $318,072 and an increase in expenditure of $36,417. The impact on

the Australian healthcare system is estimated to be an increase in expenditure of between
$83,472 and $3,802,267 per yeat.
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Recommendations

The MSAC has considered safety, effectiveness and cost-effectiveness for a pedicle screw
device (Dynesys) and interspinous spacer devices compared with laminectomy with and
without conventional spinal fusion.

Pedicle screw device (Dynesys)

Based on the limited evidence available for this device, the MSAC finds that the Dynesys
is:

e as safe as laminectomy with spinal fusion, noting that, although there appears to be
less blood loss with the use of Dynesys, there is a slightly higher incidence of
loosening of the pedicle screws;

e no more effective in selected cases than laminectomy and fusion, and requires almost
the same surgical exposure; and

e less cost-effective than laminectomy without fusion, and as cost-effective as
laminectomy and spinal fusion.

The MSAC recommends that there is insufficient evidence to recommend a change in
public funding arrangements for Dynesys at this time.

Interspinous spacers (X STOP, Wallis, Coflex, DIAM)

Based on the limited evidence available for these devices, the MSAC finds that
interspinous spacer devices:

e are as safe as the conventional operations (if the devices were placed without
laminectomy, the risks and surgical exposure would be less than for conventional
laminectomy);

e may be as effective in selected cases as laminectomy and fusion and may be associated
with a better outcome in patients with limited or localised (single level) disc disease;
and

e may be as cost-effective as laminectomy without fusion and more cost-effective than
laminectomy and spinal fusion.

The MSAC recommends that there is insufficient evidence to recommend a change in
the public funding arrangements for interspinous devices at this time.

The Minister for Health and Ageing accepted this recommendation on 20 May 2008.

Xii
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Introduction

The Medical Services Advisory Committee (MSAC) has reviewed the use of lumbar non-
fusion posterior stabilisation devices for patients with symptomatic lumbar spinal
stenosis, degenerative spondylolisthesis, herniated disc or facet joint osteoarthritis
(primarily with lumbar radicular compromise). The MSAC evaluates new and existing
health technologies and procedures for which funding is sought under the Medicare
Benefits Scheme in terms of their safety, effectiveness and cost-effectiveness, while
taking into account other issues such as access and equity. The MSAC adopts an
evidence-based approach to its assessments, based on reviews of the scientific literature
and other information sources, including clinical expertise.

The MSAC’s terms of reference and membership are at Appendix A. The MSAC is a
multidisciplinary expert body, comprising members drawn from such disciplines as
diagnostic imaging, pathology, surgery, internal medicine and general practice, clinical
epidemiology, health economics, consumer health and health administration.

Rationale for assessment

Applications have been made to the MSAC from the Spine Society of Australia,
Medtronic Australasia and Zimmer Australia/New Zealand to have lumbar non-fusion
posterior stabilisation devices, for the treatment of symptomatic lumbar spinal stenosis,
degenerative spondylolisthesis, herniated disc or facet joint osteoarthritis (primarily with
lumbar radicular compromise), listed on the Medicare Benefits Schedule. In response, the
Australian Government Department of Health and Ageing commissioned an
independent evaluator to assess the safety, effectiveness and cost-effectiveness of these
devices. Lumbar non-fusion posterior stabilisation has been performed in Australia since
2002.

Lumbar non-fusion posterior stabilisation devices 1



Background

Anatomy of the spine

The spinal column consists of 33 individual bones called vertebrae and these are divided
into five sections: cervical, thoracic, lumbar, sacral and coccygeal vertebrae. The normal
anatomy of the human spine consists of seven cervical, 12 thoracic, five lumbar, five
sacral and four coccygeal vertebrae. The five sacral vertebrae are fused into one bone
known as the sacrum. The coccygeal vertebrae are also fused into the one bone known as
the coccyx (see Figure 1). Representation of each vertebra is in relation to its position in
each section, such as L1 to L5 for the five lumbar vertebrae.

The intervertebral discs act as shock absorbers for the vertebrae, allowing motion to
occur between them. The discs are made up of a hard outer layer called the annulus
fibrosus which surrounds the soft nucleus or nucleus pulposus. Separation between the
vertebral bodies is maintained by the height of the disc, which also allows the segmental
nerve roots to exit without compression.

Lateral (Side) Posterior (Back)
Spinal Column Spinal Column
e Vertebra
Cervical [== < /
g ( Spinous process
— Qaeds .
Thoracic :Q;._!.l;, / Lamina
‘“_;Ej Disc
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Figure 1 Anatomy of the spine and lumbar spine

Adapted from <http://www.spineuniverse.com/displayarticle.php/article1394.html > and
<http://www.spinalneurosurgery.com/lumbar%?20anatomy.htm>

Degenerative conditions of the lumbar spine

Degeneration (deterioration) is caused by daily wear and tear on the different structures
of the spine, particularly the intervertebral discs. Pain may occur as a result of this
deterioration, and is primarily treated by conservative management (such as analgesics
and back bracing). When conservative management fails, surgery on the lumbar spine is
considered for radicular pain (pain that radiates down the leg, groin and buttocks, with or
without back pain, due to compression of the nerve roots) caused by degeneration of the
spine.
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In young and middle-aged adults (20—60 years old), radicular pain is usually caused by
lumbar herniated discs or isthmic spondylolisthesis. Facet joint osteoarthritis, lumbar
spinal stenosis and degenerative spondylolisthesis are the main causes of radicular pain in
older adults (over 60 years of age) (Ullrich 1999). The following gives a brief description
of each of these degenerative conditions of the lumbar spine.

Lumbar herniated disc

A prolapsed disc occurs when the disc is displaced, herniated or bulging from its normal
position within the spinal column. The disc may place pressure on the nerve root and
cause symptoms such as radiating pain, numbness, tingling and weakness (Braunwald et
al 2001; Kasper et al 2005). The term radiculopathy may be defined as compression of a
radicular nerve (nerve root) by a prolapsed (displaced) disc that may cause a very sharp
pain that radiates from the spine to the limb (ie the neck, arm, lower back or leg). Surgery
would be considered for a recurrent or large herniation with an extensive discectomy.

Facet joint osteoarthritis

Although the most common cause of low back pain is disc degeneration, if the
mechanical integrity of the disc fails, this inevitably leads to degeneration of the facet
joints. Although the reverse may not necessarily be true, facet joint osteoarthritis is one
of the many causes of low back pain.

Spondylolysis and spondylolisthesis

Spondylolisthesis is a forward slip of one vertebral body over the one below. (Ullrich
1999). Of the many causes of this condition, the two that are relevant for treatment by
non-fusion devices are:

1. Degenerative spondylolisthesis, which is due to degeneration of the motion
segment (disc and facet joints) and is most commonly found at the I.4-L5 segment
due to its considerable flexion—extension movement (Braunwald et al 2001). The slip
occurs because of loss of integrity of the disc and bony remodelling of the facet
joints, and these factors occurring together can cause spinal stenosis.

2. Isthmic spondylolisthesis, which is a developmental condition due to a
spondylolysis or defect in the pars interarticnlaris (which literally means the ‘piece
between the articulations’) and is most commonly found at the L5-S1 segment (the
junction of the lumbar spine and the sacrum). The slip occurs because the
spondylolysis results in the vertebral body being dissociated from its posterior
elements (laminae and spinous process). As a result, while the Dynesys (which
attaches to the body via the pedicles) may be used in isthmic spondylolisthesis, this
condition is unsuitable for interspinous devices.

Lumbar spinal stenosis

Lumbar spinal stenosis (LSS) is a narrowing of the spinal canal, often secondary to
degenerative changes in the disc and the adjoining facet joint. This narrowing may limit
the blood supply and venous drainage, affecting the nerve roots. The proposed
pathological mechanism for radicular pain is thought to be one of ischaemia analogous
with the vascular claudication of the lower limbs. Activity increases the blood supply with
possible functional and postural changes in cross-section area of the spine, with the
potential to reduce the volume of the spinal canal. The net result is a compartment
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syndrome, where the pressures within the spinal canal begin to exceed the venous and
arterial pressures in the vessels of the nerve roots. This leads to a functional ischaemia
which gives rise to conduction defects in the nerve root. Hence the radicular pain and, in
more serious cases, true neurological deficit (Keller 1999; Christie et al 2005). Spinal
stenosis may be asymptomatic but in symptomatic patients it can result in neurogenic
intermittent claudication (pain initiated by standing and increased with walking).
Although not all symptomatic LSS leads to neurogenic intermittent claudication, its
characteristic symptoms include back and leg pain, tingling, numbness and weakness.

Surgical treatments for the degenerative lumbar spine

Patients only become candidates for surgical treatment when they have exhausted non-
operative treatments without pain relief (Gardner & Pande 2002). Surgery is suitable for a
small number of patients who are psychologically healthy and who have the source of
their pain verified through the use of clinical assessment, plain radiography, magnetic
resonance imaging and discography where appropriate (Gardner & Pande 2002). Surgical
options currently available for treating symptomatic lumbar spinal stenosis, degenerative
spondylolisthesis, herniated disc or facet joint osteoarthritis (primarily with radicular
pain) include spinal decompression or fusion surgery with/without decompression.

Decompression surgery

The aim of decompression is to alleviate pain caused by compression of a nerve. The
procedure involves removal of a portion of bone over the nerve root and/or disc
material under the nerve root to provide more space for the nerve.

In a laminectomy, a 5—15-cm incision is made in the back, and the muscles are dissected
off the lamina. The lamina is then removed and the facet joints are trimmed to create
more room for the nerve roots (Ullrich 1999).

For compression of a nerve by a disc, microdiscectomy may be considered to alleviate
symptoms. This involves a small (approximately 3 cm) incision in the midline of the low
back. The back muscles are moved to allow the surgeon access to the nerve (possibly
with the removal of some facet joint). The nerve root is then moved to the side and the
disc material is removed. Almost all of the joints, muscles and ligaments are left intact
(Adelaide Spine Clinic 2005).

Fusion surgery

The aim of fusion surgery is to use a bone graft to fuse the vertebrae superior and
inferior to a disc. Bone grafts can be either autologous (harvested from the patient’s own
pelvic bone) or an allograft (from a bone bank) (Ullrich 1999). Recently, bone
morphogenetic protein products have also been used. There are a number of different
methods of performing fusion surgery, including anterior or posterior lumbar
intervertebral body fusion and posterolateral fusion. Instrumentation is used to facilitate
the fusion by providing stability (Spinasanta 2000). There are three types of spinal
instrumentation: pedicle screws, anterior interbody cages and posterior lumbar cages
(Ullrich 1999).
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Decompression and fusion surgery

For spines with segmental instability or potential post-operative instability after
decompression, fusion surgery may be used in addition to decompression.

Procedure under review

Lumbar non-fusion posterior stabilisation devices

Non-fusion devices with/without decompression surgery are an alternative to either
decompression surgery or fusion surgery with/without decompression for the treatment
of primarily radicular pain associated with degenerative spine disorders once conservative
treatment has failed. Non-fusion devices protect the spine and make use of materials to
stabilise the affected spinal region, although the spinal region is still kept mobile. The aim
of ‘soft’ or ‘dynamic’ stabilisation is to redistribute the transmission of spinal load and
control any abnormal movement of the spinal segment (Sengupta 2004).

There are a number of dynamic non-fusion devices that use essentially the same
biomechanical principles (Sengupta 2004). Those that were included in the current review
are given in Table 1.

Tablel Therapeutic Goods Administration approved lumbar non-fusion posterior
stabilisation devices

Name ARTG number
Wallis system (manufactured by Spine Next and distributed in Australia by Orthotech) 82909
X STOP (manufactured by St Francis Medical and distributed in Australia by Global 112448
Manufacturing Technology)

Device for Intervertebral Assisted Motion (DIAM, previously known as the Minns silicone 100643
distraction device, manufactured by Cousin Biotech and marketed by Medtronic Australia)

Coflex™ (previously known as the Interspinous U or Fixano U, manufactured by Fixano S.A. 119363

and distributed in Australia by Taylor Bryant)
Dynesys device (Zimmer Spine) 100337

To date there are four known non-fusion devices that distract the interspinous processes,
by positioning a spacer between them, to limit extension and unload the posterior spinal
elements. These are the X STOP system, Wallis system, Coflex™ and Device for
Intervertebral Assisted Motion (DIAM).

Their beneficial effects are created by reducing pressure on the posterior joints, reducing
hyperlordosis (exaggerated lumbar curve), restricting mobility and opening up the
foramina (Viscogliosi et al 2004). They are firmly attached between two adjacent spinous
processes, thus avoiding the possibility of the device loosening from the spinal segment
(Sengupta 2004). The implant is commonly inserted during a discectomy and/or
decompression procedure (Spine Next 2005) but, in selected cases, it may be inserted as a
primary method of treatment or adjacent to a level of fusion. Interspinous spacer non-
fusion devices are designed to be implanted at levels L1 to L5, and may also be used in
some cases for the spinous processes between L5 and S1 (Viscogliosi et al 2004).
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Indications and contraindications for the interspinous non-fusion devices are provided in
Table 2. The indications listed in Table 2 were derived from product information
received from the applicants or from an industry analysis report (Viscogliosi et al 2004).

Table 2 Indications and contraindications for interspinous non-fusion devices

Indications Contraindications

e Primary or recurrent disc herniation not o Any medical or surgical condition precluding the
responding to non-operative treatment potential benefit of spinal surgery

o Degenerative spondylolisthesis with back pain and | e Acute or chronic systemic, spinal or localised
spinal stenosis/sciatica infections

o Radiographically confirmed moderate or severe ¢ Systemic and metabolic diseases
spinal stenosis, isolated to 1 or 2 levels, ina e Obesity

patient with or without concomitant low back pain

¢ In association with surgical decompression of
spinal and/or foraminal stenosis in the region of L1

e Pregnancy

¢ Dependency on pharmaceutical drugs, drug abuse
or alcoholism

toL5 ) .
o Adjacent to a level of fusion to reduce adjacent * LaCk, of patient °°°,'?e,ra“°” ) )
disc degeneration o Foreign body sensitivity to the implant material

e Scoliosis or kyphotic deformity
o Significant osteopenia or osteoporosis

X STOP system

The X STOP Interspinous Process Distraction System was designed to treat patients
with symptomatic lumbar spinal stenosis between L.2 and L5 (St. Francis Medical
Technologies 2002). The symptoms of lumbar spinal stenosis are generally intensified
with lumbar extension (ie standing, walking) and are eased by flexion positions such as
sitting or bending forwards (Zucherman et al 2005). The X STOP requires minimal
access surgery to fix the spacer between the spinous processes. This decompresses the
nerve roots, reduces the neurogenic claudication and allows the patient to resume normal
posture (St. Francis Medical Technologies 2002).

Figure 2 The X STOP Interspinous Process Distraction System

Available at: <http://www.spine-dr.com/site/surgery/surgery x_stop BISS.html>, accessed 16 January 2006

Wallis system

The Wallis system is an interspinous non-fusion device which was developed in 1986. it
was originally constructed from titanium but, following a study during the mid 1990s, a
second generation model was developed. The interspinous spacer is now made of PEEK
(polyetheretherketone) material and is held in place with a polyester ligament (Dacron
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tape) (Sengupta 2004). While there is limited information available on the second
generation of Wallis device, it could be expected that the results of its use would be
similar to the first generation device. The spacer is fixed in position by a ligament around
the processes and the device then normalises the mechanical behaviour of the vertebrae
(Viscogliosi et al 2004).

Figure 3 Wallis system

Available at: <http://www.spine-health.com/research/trials/wallis/wallis.html>, accessed 16 January, 2006

Coflex™ implant

The Coflex™ (previously known as the Fixano U or Interspinous U) was originally
developed in 1994, and is a titanium device that is inserted between the spinous
processes with wings that clamp onto the spinous processes (Kaech et al 2002; Spine

Motion 2005).
I.
é"-
LS
Figure 4 Coflex interspinous implant

Available at; <http://www.ryortho.com/newsletters/05 16_05_Volume1 Issue12.pdf >, accessed 17 January 2006.
Authorisation to use graphic given by Taylor Bryant Pty Ltd (pers. comm.)

Device for Intervertebral Assisted Motion

The Device for Intervertebral Assisted Motion (DIAM, previously known as the Minns
silicone distraction device; Medtronic Australia) is registered for use in Australia by the
Therapeutic Goods Administration and was launched in Europe in 2003. The DIAM is a
silicon gel bag which is inserted between two spinous processes and fastened to the
processes above and below the device by a ligament (Medtronic Sofamor Danek 2005). It
is very similar to the Wallis device.
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Figure 5 Device for Intervertebral Assisted Motion (DIAM)

Available at: <http:/ruecken.qualimedic.de/Diam_ein_neues_verfahren.html>, accessed 10 February 2006

The second major type of lumbar non-fusion posterior stabilisation device has some
similarities to standard rigid fusion devices through the use of pedicle screw systems. The
most common of these systems is the Dynamic neutralisation system (Dynesys Spinal
System). Relatively more surgical exposure is required to obtain access for the pedicular
screw attachment.

Dynesys

The Dynesys was developed in 1994 and comprises three elements: the pedicle screws,
the spacers and a cord. Unlike the interspinous spacer non-fusion devices, there is no
reliance on fixation between the spinous processes. Therefore, the Dynesys is indicated
for isthmic spondylolisthesis. The titanium alloy screws anchor the neutralisation system
to the vertebrae so as to maintain motion in any plane (Stoll et al 2002a). The spacers are
used to restore disc height and the polycarbonate component of these spacers can be
compressed, thereby allowing motion for extension and flexion. Lastly, the cord passing
through the spacers also acts to control mobility of the segment (Zimmer 2005). Dynesys
is used for treatment of lower back and leg pain caused by spinal stenosis,
spondylolisthesis, radiculopathy or spondylarthrosis in up to five contiguous levels
between L1 and S1 (Table 3) (Viscogliosi et al 2004). The main function of the Dynesys
is to distribute the load across the processes and restore disc height (Grob et al 2005).
The intention of the Dynesys is essentially to restabilise the spinal segment (Dubois
1999).

Lumbar non-fusion posterior stabilisation devices



| |
al
I o
ﬁ ap é
- > B
f
Figure 6 Dynesys stabilisation
Printed with permission from Zimmer Spine
Table 3 Indications and contraindications for the Dynesys (Viscogliosi et al 2004)

Indications

Contraindications

e Primary or recurrent disc herniation not
responding to non-operative treatment

o [sthmic spondylolisthesis with back pain and
spinal stenosis/sciatica

o Degenerative spondylolisthesis with back pain and
spinal stenosis/sciatica

o Radiographically confirmed moderate or severe
spinal stenosis, isolated to 1 or 2 levels, in a
patient with or without concomitant low back pain.

¢ In association with surgical decompression of
spinal and/or foraminal stenosis in the region of L1
to L5

o Spondylarthrosis + discopathy hyper-mobile and

functional instability (pseudo-spondylolisthesis),
potentially with mono- or multisegmental stenosis

o Any medical or surgical condition precluding the
potential benefit of spinal surgery

o Acute or chronic systemic, spinal or localised
infections

o Systemic and metabolic diseases
o Obesity
e Pregnancy

¢ Dependency on pharmaceutical drugs, drug abuse,
or alcoholism

o Lack of patient cooperation

o Foreign body sensitivity to the implant material
e Scoliosis or kyphotic deformity

o Significant osteopenia or osteoporosis

Other relevant considerations

If they are used without other spinal surgical procedures, non-fusion devices have a
possible advantage over conventional fusion surgery. The implants can be removed from
the spine since they utilise a non-destructive procedure; thus, the anatomy remains the

same after surgery.
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Approach to assessment

Objective

To determine whether there is sufficient evidence, in relation to clinical need, safety,
effectiveness and cost-effectiveness, to have lumbar non-fusion posterior stabilisation
listed on the Medicare Benefits Schedule. Benefits are currently not payable under
Medicare for these procedures.

Research questions

1. What is the prevalence in Australia of patients with symptomatic lumbar spinal
stenosis, degenerative spondylolisthesis, herniated disc or facet joint arthritis
(primarily with lumbar radicular compromise) failing to respond to conservative
management?

2. Is lumbar non-fusion posterior stabilisation with/without decompression as safe as,
or safer than, decompression or fusion with/without decompression?

3. Is lumbar non-fusion postetior stabilisation with/without decompression as effective
as, or more effective than, decompression or fusion with/without decompression at
providing relief from post-operative leg pain and/or preventing post-operative back
pain or worsening of back pain, and improving the quality of life or functional status
of patients, with symptomatic lumbar spinal stenosis, degenerative spondylolisthesis,
herniated disc or facet joint arthritis (primarily with lumbar radicular compromise)?

4. Is lumbar non-fusion posterior stabilisation with/without decompression a cost-
effective treatment option for patients with symptomatic lumbar spinal stenosis,
degenerative spondylolisthesis, herniated disc or facet joint arthritis (primarily with
lumbar radicular compromise) in comparison with fusion with/without
decompression or decompression alone?

Expert advice

An advisory panel with expertise in orthopaedics, neurosurgery, rheumatology and
consumer issues was established to evaluate the evidence from this Assessment Report
and to provide advice to the MSAC from a clinical or consumer perspective. In selecting
members for advisory panels, the MSAC’s practice is to approach the appropriate
medical colleges, specialist societies and associations, and consumer bodies for nominees.
Membership of the advisory panel associated with this MSAC assessment is provided at
Appendix B.

Review of literature

Literature sources and search strategies

The medical literature was searched to identify relevant studies concerning lumbar non-
fusion posterior stabilisation devices for the period between 1994 and April 2006. The
relevant lumbar non-fusion posterior stabilisation devices were first reported in English
in 1994. Appendix C describes the electronic databases that were used for this search and
other sources of evidence that were investigated. Grey literature was included in the
search strategy. Unpublished literature, however, was not canvassed as it is difficult to
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search for this literature exhaustively and systematically, and trials that are difficult to
locate are often smaller and of lower methodological quality (Egger et al 2003). It is,
however, possible that these unpublished data could impact on the results of this
assessment. The literature received from the applicants was evaluated in the systematic
review.

The search terms, presented in Appendix C, were used to identify literature in electronic
bibliographic databases on the safety, effectiveness and cost-effectiveness of using
lumbar non-fusion posterior stabilisation devices for patients with symptomatic lumbar
spinal stenosis, degenerative spondylolisthesis, herniated disc or facet joint osteoarthritis
(primarily with radicular compromise) that has failed to respond to conservative
management.

Inclusion/exclusion criteria

In general, studies were excluded if they:

e did not address the research question;

¢ did not provide information on the pre-specified target population;
e did not include one of the pre-specified interventions;

¢ did not compare results to the pre-specified comparator;

e did not address one of the pre-specified outcomes and/or provided inadequate data
on these outcomes; or

e did not have the appropriate study design.

Where two (or more) papers reported on different aspects of the same study, such as the
methodology in one and the findings in the other, they were treated as one study.
Similarly, if the same data were duplicated in multiple articles, only results from the most
comprehensive or most recent article were included.

The criteria for including studies relevant to each of the research questions posed in this
assessment are provided in Box 1 to Box 3 in the results section of this report.

Search results

The process of study selection for this report went through seven phases:

1. All reference citations from all literature sources were collated into an Endnote 8.0
database.

2. Duplicate references were removed.

3. Studies were excluded, on the basis of the complete citation information, if it was
obvious that they did not meet the inclusion criteria. All other studies were retrieved
for full-text assessment.

Lumbar non-fusion posterior stabilisation devices
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4. Inclusion criteria were independently applied to the full-text articles by one researcher
and checked by another. Those articles meeting the criteria formed part of the
evidence-base, and the remainder provided background information.

5. The reference lists of the included articles were peatled for additional relevant studies.
These were retrieved and assessed according to phase 4.

6. The evidence-base consisted of articles from phases 4 and 5 that met the inclusion
criteria.

7. Abstracts were removed on advice from the MSAC.

Any doubt concerning inclusions at phase 4 was resolved by group consensus. The
results of the process of study selection—to collate the evidence base for assessing the
safety and effectiveness of lumbar non-fusion posterior stabilisation devices—are
provided in Figure 7.
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Figure 7

Summary of the process used to identify and select studies for the assessment

of safety and effectiveness of lumbar non-fusion posterior stabilisation devices

(adapted from Moher et al 1999)

Potentially relevant studies identified
in the literature search or applications
and screened for retrieval (n=981)

A\ 4

Studies retrieved for more
detailed evaluation (n=96)

v

Studies excluded:
Duplicate references (n=256)
Did not meet the inclusion criteria (n=629)

39 potentially appropriate studies
pearled for additional studies
(additional n=18)

A 4

Potentially appropriate studies to be
included in the systematic review
(n=52)

\4

Studies excluded, with reasons:

Irrelevant population (n=5)

Irrelevant intervention (n=17)

Irrelevant outcomes (n=6)

Irrelevant study design / not a study (n=22)
Unable to locate (n=2)

Wrong reference details (n=4)

Not a higher level than available in English (n=1)

A 4

Conference abstracts provided by
Advisory Panel (additional n=15)

Studies excluded, with reasons:

Unable to extract data (n=15)

Irrelevant patient selection criteria (n=3)
Data included in another paper (n=19)

A 4

Studies included in the systematic
review by:

outcome (n=11)

safety (n=11)

effectiveness (n=11)

Studies excluded, with reasons:

Irrelevant intervention (n=1)

Data included in another paper (n=3)

Abstract data excluded on advice of the MSAC
(n=20)
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Data extraction and analysis

A profile of key characteristics was developed for each included study (Appendix G).
Studies that were unable to be retrieved or that met the inclusion criteria but contained
insufficient or inadequate data for inclusion are provided in Appendix F. Definitions of
all technical terms and abbreviations are provided in the Glossary.

Appraisal of the evidence

The evidence presented in the selected studies was assessed and classified using the
dimensions of evidence defined by the National Health and Medical Research Council
(NHMRC 2000).

These dimensions (Table 4) consider important aspects of the evidence supporting a
particular intervention and include three main domains: strength of the evidence, size of
the effect and relevance of the evidence. The first domain is derived directly from the
literature identified as informing a particular intervention. The last two require expert
clinical input as part of their determination.

Table 4 Evidence dimensions

Type of evidence Definition
Strength of the evidence:
Level The study design used, as an indicator of the degree to which bias has been
eliminated by design 2
Quality The methods used by investigators to minimise bias within a study design
Statistical precision The p-value or, alternatively, the precision of the estimate of the effect. It
reflects the degree of certainty about the existence of a true effect
Size of effect The distance of the study estimate from the ‘null’ value and the inclusion of
only clinically important effects in the confidence interval
Relevance of evidence The usefulness of the evidence in clinical practice, particularly the
appropriateness of the outcome measures used

aSee Table 5

Strength of the evidence

The three sub-domains (level, quality and statistical precision) are collectively a measure
of the strength of the evidence.

Level

The designations of the levels of evidence are shown in Table 5.
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Table 5 Designations of levels of evidence adapted from (NHMRC 2005)

Level Intervention &
| b A systematic review of level Il studies

I A randomised controlled trial

NI-1 A pseudorandomised controlled trial
(ie alternate allocation or some other method)
-2 A comparative study with concurrent controls:

e non-randomised, experimental trial ©

e cohort study

e case-control study

interrupted time series with a control group

-3 A comparative study without concurrent controls:

¢ historical control study

o two or more single arm study d

o interrupted time series without a parallel control group

v Case series with either post-test or pre-test/post-test outcomes

a Definitions of these study designs are provided in NHMRC 2000b; pp. 7-8.

b A systematic review will only be assigned a level of evidence as high as the studies it contains, excepting where those studies are of level |
evidence.

¢ This also includes controlled before-and-after (pre-test/post-test) studies, as well as indirect comparisons (ie using A vs B and B vs C to
determine A vs C).

d Comparing single arm studies, ie case series from two studies

Note 1: Assessment of comparative harms/safety should occur according to the hierarchy presented for each of the research questions, with
the proviso that this assessment occurs within the context of the topic being assessed. Some harms are rare and cannot feasibly be captured
within randomised controlled trials; physical harms and psychological harms may need to be addressed by different study designs; harms from
diagnostic testing include the likelihood of false positive and false negative results; harms from screening include the likelihood of false alarm
and false reassurance results.

Note 2: When a level of evidence is attributed in the text of a document, it should also be framed according to its corresponding research
question, eg level Il intervention evidence; level IV diagnostic evidence; level Il1-2 prognostic evidence.

Quality

Studies providing information on the prevalence of lumbar spinal stenosis, degenerative
spondylolisthesis, herniated disc or facet joint osteoarthritis (primarily with symptomatic
lumbar radicular compromise) that has not responded to conservative management was
not critically appraised as no intervention or association was being tested.

The appraisal of intervention studies pertaining to treatment effectiveness was
undertaken using a checklist developed by Downs & Black (1998). This checklist is
suitable for trials and cohort studies, and has been psychometrically assessed to have
overall high internal consistency, good test—re-test and inter-rater reliability, and high
criterion validity (Downs & Black 1998). The modified checklist produced an overall
Quality Index score (total = 27), along with subscale scores (Reporting, External Validity,
Bias and Confounding). Information on specific methodological components shown
empirically to impact on treatment effect sizes were also included in this checklist—
specifically, concealment of allocation, blinding and completeness of data (Schulz et al
1995; Moher et al 1998; Juni et al 2001).

Uncontrolled before-and-after case series are a poorer level of evidence for the
assessment of effectiveness. The quality of this type of study design was assessed
according to a checklist developed by the West Midlands Development and Evaluation
Committee (Young & Ward 1999). A maximum quality score of 3 can be achieved.

Study quality was, however, presented in the assessment report in terms of the
components of quality (eg selection bias, misclassification bias, reviewer bias), as well as
the overall quality score.
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Statistical precision

Statistical precision was determined using statistical principles. Small confidence intervals
and p-values give an indication as to the probability that the reported effect is real and
not attributable to chance (NHMRC 2000).

Size of effect

For intervention studies on lumbar non-fusion posterior stabilisation it was important to
assess whether statistically significant differences are also clinically important. The size of
the effect needed to be determined, as well as whether the 95% confidence interval
includes only clinically important effects. Rank scoring methods were used to determine
the clinically important benefit of the effect size in studies, as well as the clinical
relevance of the evidence in controlled studies (NHMRC 2000).

Relevance of evidence

Similarly, the outcome being measured should be appropriate and clinically relevant.
Inadequately validated (predictive) surrogate measures of a clinically relevant outcome
should be avoided (NHMRC 2000). When assessing the safety and effectiveness of
lumbar non-fusion posterior stabilisation, rank scoring methods were used to determine
the clinical relevance of the outcome being assessed in any controlled studies (NHMRC
2000).

The body of evidence

Appraisal of the body of evidence was conducted along the lines suggested by the
NHMRC in their guidance on clinical practice guideline development (NHMRC 2005).
Five components are considered essential by the NHMRC when judging the body of
evidence:

e The volume of evidence—which includes the number of studies sorted by their
methodological quality and relevance to patients;

e The consistency of the study results—whether the better quality studies had results of
a similar magnitude and in the same direction, ie homogenous or heterogenous
findings;

e The potential clinical impact—appraisal of the precision, size and clinical importance

or relevance of the primary outcomes used to determine the safety and effectiveness
of the test;

e The generalisability of the evidence to the target population; and

e The applicability of the evidence—integration of this evidence for conclusions about
the net clinical benefit of the intervention in the context of Australian clinical practice.

A matrix for assessing the body of evidence for each research question, according to the
components above, was adapted for this assessment (Table 6) (NHMRC 2005).
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Table 6 Body of evidence assessment matrix

studied in body of
evidence is/are the
same as the target

studied in the body
of evidence is/are
similar to the target

studied in body of
evidence is/are
different to target

Component A B C D
Excellent Good Satisfactory Poor
Several level | or I One or two level Il Level Il studies Level IV studies, or
Volume of studies with low studies with low with low risk of level | to Il studies
evidence risk of bias risk of bias or a bias, or level l or |l with high risk of
SR/multiple level Il | studies with bias
study with low risk moderate risk of
of bias bias
All studies Most studies Some Evidence is
Consistency consistent .con3|st.ent and |ncon§|stency . inconsistent
inconsistency may reflecting genuine
be explained uncertainty around
clinical question
Clinical impact Very large Substantial Moderate Slight or restricted
Population(s) Population(s) Population(s) Population(s)

studied in body of
evidence is/are
different to target

with few caveats

healthcare context
with some caveats

Generalisability population population population but it is population and it is
clinically sensible hard to judge
to apply this whether it is
evidence to target sensible to
population generalise to target
population
Directly applicable | Applicable to Probably Not applicable to
Applicability to Australian Australian applicable to Australian
healthcare context healthcare context | Australian healthcare context

Lumbar non-fusion posterior stabilisation devices
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Results of assessment

Burden of disease

Box 1 Study selection criteria to determine the burden of disease

Research question

(1) What is the prevalence in Australia of symptomatic lumbar spinal stenosis, degenerative spondylolisthesis, herniated disc
or facet joint osteoarthritis (primarily with lumbar radicular compromise) that fails to respond to conservative management?

Selection criteria Inclusion criteria

Population People with symptomatic lumbar spinal stenosis, degenerative spondylolisthesis, herniated disc or
facet joint osteoarthritis (primarily with lumbar radicular compromise) in (1) Australia or, if this
information is unavailable, (2) Western countries of similar demographic composition

Outcome Prevalence—the proportion of people at a point in time with symptomatic lumbar spinal stenosis,
degenerative spondylolisthesis, herniated disc or facet joint osteoarthritis (primarily with lumbar
radicular compromise) who have failed to respond to conservative medical management @

Study design Cross-sectional studies

Search period In order to obtain relatively recent prevalence estimates, studies published before 1996 were not
included

Language Studies relevant to Australia’s demographic composition are most likely to be published in English.

Therefore, studies in languages other than English were not included

a1st line treatment

Degenerative conditions of the lumbar spine are significant contributors to illness, pain
and disability. This becomes a burden not only to the individual both in terms of
functional status and quality of life, but also to the community as a consequence of
hospital and primary care service usage and, ultimately, on health system expenditure.
Such degenerative conditions appear to increase with age as a result of deterioration of
the segments constituting the spinal column. In Australia, there were 9,969 hospital
separations in 2003—04 due to lumbar and other intervertebral disc disorders with
radiculopathy (AIHW 2005).

Assessing the prevalence of symptomatic lumbar radicular compromise for this
systematic review indicates the degree to which degenerative conditions of the lumbar
spine are a burden in Australia. To determine the prevalence of symptomatic lumbar spinal
stenosis, degenerative spondylolisthesis, herniated disc or facet joint osteoarthritis
(primarily with lumbar radicular compromise), estimates need to include both subjective
self-reported data on the level of patient pain and objective data such as lumbar
radiographs to identify the presence of the condition.

Prevalence of symptomatic lumbar radicular compromise

There is limited evidence, worldwide, on the prevalence of symptomatic lumbar spinal
stenosis, degenerative spondylolisthesis, herniated disc or facet joint osteoarthritis
(primarily with lumbar radicular compromise) that fails to respond to conservative
management. While there is a vast amount of data assessing the prevalence of lower back
pain, evidence on radicular pain is lacking. In addition, much of the available prevalence
data focuses on work-related musculoskeletal disorders such as in nursing staff and
industrial workers rather than the general population.

Two studies were found that assess the prevalence of degenerative spondylolisthesis, one
of the four indications included in this systematic review. Both studies were from the
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same research group but the populations of interest differed between the studies. One
study (Vogt et al 1998) focused on white women aged 65 years and older while the
second study collected data on older African American women (Vogt et al 2003). The
findings of the latter study will not be discussed here as the population is not
representative of the Australian population.

The first study, conducted in the United States, was cross-sectional in design (Vogt et al
1998) and looked at the prevalence of degenerative spondylolisthesis, separated into
antero- and retrolisthesis, among white women aged 65 years and older. A random
sample (n = 788) was selected from 2,401 women enrolled in the Pittsburgh clinic taking
part in the Multicenter Study of Osteoporotic Fractures (SOF). The study specifies that
the women were considered symptomatic if they reported back pain in the lower lumbar
region for some time during the previous year. No information on neurogenic
claudication or sciatica was given in this group of women. The prevalence of
anterolisthesis, defined as a slippage of 3 mm or more, was 28.9 per cent, and of
retrolisthesis was 14.2 per cent. A more conservative definition, with a cut-off slippage of
5 mm, reduces the prevalence of anterolisthesis to 14.2 per cent and of retrolisthesis to
3.2 per cent. The study indicates that approximately one-third to one-half of the women
reported having symptoms of lower back pain at least some of the time during the
previous year. Nevertheless, it is not clear in this study whether the women had received
conservative or medical management, or whether this successfully managed their pain.
Therefore, there is no clear indication of the likely symptomatic population that may be
considered for non-fusion stabilisation.

Prevalence of degenerative spondylolisthesis

The burden of disease in Australia from, specifically, symptomatic degenerative
spondylolisthesis was estimated from one available study conducted in the United States
(Vogt et al 1998). The prevalence of degenerative spondylolisthesis in men or women
under 65 years, as well as for the three remaining indications for non-fusion stabilisation,
could not be determined from a systematic review of the literature.

The one relevant study indicates an overall prevalence of degenerative spondylolisthesis
to be 43.1 per cent, and between 14.3 per cent and 21.5 per cent in the symptomatic
population, when the vertebral slippage is defined as 3 mm or more. A change in the cut-
off to more than 5 mm reduces the prevalence rate to 17.4 per cent (anterolisthesis—
14.2%, retrolisthesis—3.2%) and between 5.8 per cent and 8.7 per cent in the
symptomatic population (Table 7).

Table 7 Prevalence of degenerative spondylolisthesis

Study Country | Population Prevalence
(Vogtetal | USA Cross-sectional Symptomatic and asymptomatic
1998) study of women 3 mm cut-off 5 mm cut-off:
aged 65 years Anterolisthesis: 28.9% Anterolisthesis:  14.2%
and over Retrolisthesis: 14.2% Retrolisthesis: 3.2%
Total: 43.1% Total: 17.4%
Symptomatic
3 mm cut-off 5 mm cut-off
Total:  14.3-21.5% Total:  5.8-8.7%
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In order to apply these estimates of symptomatic degenerative spondylolisthesis to
Australia, estimates for the total Australian female population 65 years and older are
required. There was an estimated population of 1,469,136 females aged 65 years or older
in 2005 (AIHW 2005). Based on the estimated symptomatic prevalence rate of 5.8-8.7
per cent (using a vertebral slippage cut-off of 5 mm), there are approximately 85,209 to
127,814 cases of symptomatic degenerative spondylolisthesis per year in Australia. The

5 mm cut-off was chosen because it correlates with the definition of vertebral slippage in
Australia. However, the proportion of patients who would then go on for surgical
treatment is far smaller, with evidence suggesting that 10—15 per cent of patients cannot
be treated conservatively and require surgical treatment due to back or radicular pain
(Frymoyer 1994; Matsunaga et al 2000). Based on 10—15 per cent of 85,209 to 127,814
cases, an estimated 8,521 to 19,172 symptomatic women (over the age of 65 years) are
likely to have symptomatic spondylolisthesis that is unresponsive to conservative
treatment and need to undergo surgery.

Determining the usage of items on the Medicare Benefit Schedule (MBS) enabled
identification of the number of hospital separations in private hospitals in Australia in
200506 that were relevant to this symptomatic population requiring surgery (Medicare
Australia 2000). An upper estimate (and overestimate) was identified as the total number
of hospital separations for decompression or fusion. This includes surgery for indications
where non-fusion stabilisation would be inappropriate.

A total of 6,883 hospital separations in 6,875 patients in private hospitals were identified
for the most common decompression procedures relevant to non-fusion stabilisation.
These included laminectomy for recurrent disc lesion or spinal stenosis, involving one
level (item no. 40303) and laminectomy for spinal stenosis involving more than one level
(item no. 40300). A total of 3,319 posterior fusion procedures were identified in 2,691
patients. These included posterior bone graft (item no. 48642 and 48645), postero-lateral
bone graft (items 48648 and 48651) and posterior inter-body fusion (items 48654 and
48657). There were 1,907 patients who received both decompression and fusion surgery.
Therefore, 4,968 patients received decompression surgery without fusion surgery. Of
these, 1,996 patients received decompression at a single level and 2,972 at multiple levels
(Statistics section, Department of Health and Ageing, Australian Government).

Therefore, the total number of patients who received decompression procedures, or
fusion procedures with or without decompression, in 2005-06 that are relevant to non-
fusion stabilisation was 11,843.

Australian Refined Diagnosis Related Group (AR-DRG) round 7 cost estimates suggest
that the split between private and public patients for decompression and fusion surgery is
71 per cent to 29 per cent. Therefore, decompression or fusion with/without
decompression appears to be responsible for an estimated 4,837 public hospital
separations. This indicates that a total of 16,680 hospital separations for both
comparative procedures are predicted across private and public hospitals.

Consequently, the estimated prevalence rate obtained from MBS data falls within the
range obtained from the population-based study estimate determined from Vogt et al
(1998). Although Vogt et al (1998) only considered one common indication, it appears
considerably similar to the hospitalisation-based estimate from the MBS (Table 8).
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Table 8 Summary table of estimated symptomatic patients unresponsive to

treatment
Source of information Prevalence
Population-based estimated (Vogt et al 1998) 8,521-19,172

Public and private patients undergoing common comparator procedures 16,680

Therefore, the best estimate of the number of symptomatic patients unresponsive to
conservative treatment for lumbar spinal stenosis, degenerative spondylolisthesis,
herniated disc or facet joint osteoarthritis (primarily with radicular compromise) is
considered to be 16,680 per year in Australia. This estimate is based on figures which
may include indications for surgery that are somewhat dissimilar to those required for
non-fusion stabilisation. However, this would be counterbalanced by those patients
currently indicated for, but not undergoing or choosing, surgery and who may choose to
undergo the less invasive non-fusion stabilisation.
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Safety of lumbar non-fusion posterior stabilisation

Lumbar non-fusion posterior stabilisation was assessed in terms of possible patient
harms that may result from the procedure or device. Studies assessing this issue were
assessed for inclusion in this report according to the criteria delineated a priori in Box 2.

Box 2 Study selection criteria to determine the safety of lumbar non-fusion posterior
stabilisation

Research question

Is lumbar non-fusion posterior stabilisation with/without decompression as safe as, or safer than, decompression or fusion
with/without decompression surgery?

Selection criteria Inclusion criteria

Population People with symptomatic lumbar spinal stenosis, degenerative spondylolisthesis, herniated disc or
facet joint osteoarthritis (primarily with lumbar radicular compromise) who have failed to respond to
conservative management

Intervention Lumbar non-fusion posterior stabilisation devices with/without decompression (eg X STOP, Wallis
system, Dynesys, DIAM, Coflex)

Comparators 1) Decompression surgery (eg laminectomy, discectomy)

2) Fusion surgery with/without decompression surgery (eg posterolateral gutter fusion, posterior lumbar
interbody fusion, anterior lumbar interbody fusion, anterior/posterior spinal fusion)

Outcome Primary—adverse physical health outcomes, including death, infection, haemorrhage, increased pain,
neurological symptoms (eg numbness, tingling, paralysis), kyphosis, loss of lordosis, myocardial
infarction, pulmonary embolism, deep vein thrombosis, infection, allergic reaction to implant, adjacent
segment disease

Secondary—device failure, device slip, device breakage, screw loosening

Study design Randomised or non-randomised controlled trials, cohort studies, registers, case series, case reports or
systematic reviews of these study designs

Search period 1994 — 4/2006 @

Language Studies in languages other than English were only translated and included if they represented a higher

level of evidence than that available in the English language evidence-base

a Research reports on the clinical use of lumbar non-fusion posterior stabilisation devices were first published in 1994.

Eleven published studies met the inclusion criteria that reported on the safety of the
Dynesys, X STOP and Wallis devices. Two studies assessing the DIAM were found that
on initial assessment appeared to fit the inclusion criteria (Schiavone & Pasquale 2003;
Taylor et al, submitted), but on further advice from the Advisory Panel were excluded, as
the patient selection criteria were inappropriate for the current review (Appendix F).
Information on the Coflex and DIAM were available in abstract form, but on advice
from the MSAC were removed from this Report. Therefore, no published studies were
identified that allowed the extraction of safety information in the correct population for
cither the DIAM or the Coflex device. Results for the Dynesys, X STOP and Wallis
devices are separated below.

It is acknowledged that the use of case series reports to gain an understanding of the
safety of non-fusion devices may introduce bias into this report, as case series of the
comparators (decompression surgery or fusion surgery with or without prior
decompression surgery) were not assessed.

Safety of the Dynesys

Primary safety outcomes were divided into serious and minor adverse events (including
both intra-operative and post-operative complications). Adverse events were classified as
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serious if they were likely to require hospitalisation or further surgery. Reoperations at
the index level were considered therapeutic failures, and were considered an effectiveness
outcome unless the reoperation was due to infection.

Serious adverse events

There were no controlled studies identified that mentioned serious adverse events relating
to lumbar non-fusion posterior stabilisation devices. A range of uncontrolled studies
(level IV evidence) on the safety of non-fusion devices are presented in Table 9 in order
of study quality and sample size. All serious adverse events noted in the research papers
have been included regardless of whether they appear to be caused by the device, surgery
ot pre-existing conditions. Common adverse events included pedicle fractures, which
were also found through radiography and have been detailed under secondary safety
outcomes.

There was a large variation in the types of complication associated with non-fusion
devices. Six uncontrolled before-and-after case series (level IV interventional evidence)
assessed the safety of the Dynesys device, and found serious adverse event rates between
2.9 and 25.8 per cent of patients. It is unclear whether the differences observed in the
complication rates is true variance or a product of varying ways of defining complications
and adverse events.

The rate of complications found from implanting the Dynesys is consistent with the data
relating to the use of pedicle screws for spinal fusion.
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Table 9 Serious complications after the Dynesys *
Study Level and quality Population Complications ®
(Dubois etal | Level IV: Uncontrolled 57 patients 2/57 (3.5%) patients:
1999) before-and-after case 2 pedicle screws placed extrapedicularly resulting in
series neurologic symptoms
Quality: 3/3
(Stoll et al Level IV: Uncontrolled 83 patients 3/83 (3.6%) patients:
2002b) before-and-after case Intra-operative or procedure related
series 1 pedicle fracture (1.2%)
Quality: 2.5/3 2 screw malplacements (1 of which required reoperation
due to root compression signs) (2.4%)
Complications unrelated to implant
1 dural lesion requiring reoperation
1 thromboembolism
1 cardiovascular problem
1 seroma which required draining
1 paresis which led to revision (later discovered to be due
to non-Hodgkin lymphoma)
1 scar neuroma which was excised
(Schnake et | Level IV: Uncontrolled 26 patients 3/26 (11.5%) patients:
al 2006) before-and-after case 1 death caused by unrelated pathology
series 1 osteoporotic L4 fracture and Dynesys removal
Quality: 2.5/3 1 case of adjacent level instability
(Bordes- Level IV: Uncontrolled 94 patients 6/94 (6.4%) patients:
Monmeneu | before-and-after case Intra-operative or procedure related
et al 2005) series 1 case of malpositioning of screws (1.1%)
Quality: 2/3 1 case of pedicle fracture (1.1%)
Further complications not due to technique
2 cases of subcutaneous seroma (2.1%)
2 subclinical infections requiring removal of instrumented
material (2.1%)
(Grob et al Level IV: Uncontrolled 31 patients 8/31 (25.8%) patients:
2005) before-and-after case Intra-operative/immediately post-operative
series 1 pleural effusion following allergic reaction to pain
Quality: 1.5/3 medication
1 case of post-operative cardiac insufficiency
1 dural tear requiring suturing and sealing with fibrinogenic
material
1 case requiring morphine pump
Late complications
1 system removed due to infection (after 8 months)
(Putzieretal | Level IV: Uncontrolled 70 patients 2/70 (2.9%) patients:
2004) before-and-after case 1 newly developed radicular syndrome

series
Quality: 1/3

1 progressive motor radicular syndrome

aadverse events excluding those detected by radiograph, blood loss and minor adverse events, which are discussed separately; ©likely to
require hospitalisation or further surgery

Minor adverse events

Four comparative studies were included to provide information on the rate of adverse
events (Table 10).

There were two medium-quality German historically controlled studies (level I1I-3
interventional evidence) performed in patients with spinal stenosis with degenerative
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lumbar instability or symptomatic disc prolapse (Cakir et al 2003; Putzier et al 2005).
These studies compared the rate of complications between the Dynesys system with
decompression and decompression with or without fusion. No major adverse events
were reported in either treatment group, and there was little difference in the rate of
minor complications found between the treatment groups. The most common minor
complications reported were dural lesions that occurred intra-operatively (without
permanent post-operative symptoms) and superficial infections.

While slight differences were seen between the treatment groups, the studies were too
small to determine whether the differences found were due to chance or real differences
in the rate of adverse events. It is expected that the rate of adverse events after the
Dynesys device would be similar to fusion surgery.

Table 10 Minor complications from the Dynesys (controlled studies)

Study Level and Population Complications Risk Relative
quality 2 Difference risk
(95%Cl) (95%Cl)
(Putzieret | Level lll-3: 84 patients Dynesys + Decompression 0.02 140
al 2005) Historical decompression (<0.09, (0.30, 6.53)
Overlap of | control study 3135 (8.6%) 3/49 (6.1%) patients: 0.14)
pgnents Quality: 19/27 patients: 3 dural lesions
with | Clin I- 4/4 2 dural lesions
(PUtZ|er et R:1/5 . .
: 1 superficial wound
al 2004) A
healing disorder
(Cakiretal | Level lll-3: 20 patients Dynesys + Fusion + -0.10 0.50
2003) Historical decompression decompression (-0.41, (0.05, 4.67)
control study 1110 (10%) patients: | 2/10 (20%) patients: 0.21)
%’/gl;ty' 1 dural lesion 1 dural lesion
Clin I: 4/4 No superficial or No superficial or
.|n ) deep infection deep infection
R:AB 1 injury to vena iliaca

a See Appendix E—includes the level of evidence, a quality score derived from the Downs and Black (1998) checklist (with a high score
indicating good quality), rank scores for assessing the clinical importance (Clin 1) of the benefit/harm (with 1 ranked as highly clinically
important and 4 ranked as of indeterminate clinical importance) and rank scores for the relevance (R) of the evidence (with 1 ranked as a
highly relevant outcome and 5 as an unproven surrogate outcome).

Six further uncontrolled case series assessed minor complications after insertion of the
Dynesys (Table 11). Minor complications such as dural lesions or superficial wound
infections occurred in up to 7.7 per cent of patients.
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Table 11 Minor complications from the Dynesys (uncontrolled studies)

Study Level and quality Population Complications
(Dubois etal | Level IV: Uncontrolled 57 patients No complications related to material (pedicular screws, cords
1999) before-and-after case or spacers)
series
Quality: 3/3
(Stoll et al Level IV: Uncontrolled 83 patients 3/83 (3.6%) patients:
2002b) before-and-after case 1 case infection
series

1 hyperesthesia (resolving)

Quality: 2.5/3 1 dural lesion not requiring reoperation

(Schnake et | Level IV: Uncontrolled 26 patients 2/26 (7.7%) patients:

al 2006) before-and-after case 2 cases of transient leg paraesthesia
series
Quality: 2.5/3
(Bordes- Level IV: Uncontrolled 94 patients High percentage (frequency not stated) of post-operative
Monmeneu before-and-after case unilateral or bilateral pain in femoral skin region, which
et al 2005) series disappeared spontaneously in 2-3 days
Quality: 2/3 Relatively frequent pains (frequency not stated) in sacroiliac
region
(Grob et al Level IV: Uncontrolled 31 patients 2/31 (6.4%) patients:
2009) before-and-after case 1 case of post-operative mental confusion
series 1 case of infection
Quality: 1.5/3
(Putzieretal | Level IV: Uncontrolled 70 patients 3/70 (4.3%) patients:
2004) befpre-and-after case 2 dura leakages
overlap of Series 1 superficial wound infection
patients with | Quality: 1/3
(Putzier et al
2005)

Radiographic findings

Radiography is used to detect subsequent degeneration of the index vertebral segment
and surrounding vertebral segments, malpositioned implants, and implants that have
moved or broken, all of which may require intervention.

Two controlled studies reported their follow-up observations from radiography. One
study compared the Dynesys device with fusion (both with prior decompression) (Cakir
et al 2003) and found that no patients in either treatment group had any breakage or
dislodgment of screws that could be detected by radiographic follow-up. One historically
controlled study (level III-3 interventional evidence) found considerably fewer
complications through radiography after the Dynesys plus decompression (nucleotomy)
than after a nucleotomy alone (risk difference = —0.41; 95%CI —0.55, —0.27) (Table 12).
This study found that there was significantly less progressive degeneration seen by
radiography in patients who received instrumentation (Dynesys) than a nucleotomy alone
for symptomatic disc prolapse with initial segmental degeneration after 24—47—months. It
was concluded that, while a nucleotomy increases the probability of accelerated
degeneration of the treated segment, the Dynesys could assist in preventing further disc
degeneration (Putzier et al 2005).

26

Lumbar non-fusion posterior stabilisation devices



Table 12 Radiographic observations after insertion of the Dynesys (controlled study)

Study Level and Population Radiographic observations Risk Relative
quality @ Difference risk
(95%Cl) (95%Cl)
(Putzier Level lll-3: | 84 patients Dynesys + Nucleotomy -0.41 Undefined
etal Historical nucleotomy (-0.55, -
2005) g:’u”(}fo' 0135 (0.0%) patients: | 20/49 (40.8%) patients: |  0-27)
Q :'/t ) No loosening or 5 cases (10.2%) with
Overlap 1 ;/3; Y breaking of screws <20% loss of height in
with . Cin I: 1/4 No progressive height | intervertebral space
(Putzier .|n : reduction, disc 1 case reprolapse
258'4 R:2/5 protrusion or prolapse | g patients (16.3%) with
) No cases of signs of progressive
progressive degeneration
degeneration No stenosing osseous
No stenosing osseous | or ligamentous
or ligamentous changes | changes
No new appearance or | 6 cases of new or
progression of increasing signs of
spondylarthrosis spondylarthrosis

aSee Appendix E—includes the level of evidence, a quality score derived from the Downs and Black (1998) checklist (with a high score
indicating good quality), rank scores for assessing the clinical importance (Clin 1) of the benefit/harm (with 1 ranked as highly clinically
important and 4 ranked as of indeterminate clinical importance) and rank scores for the relevance (R) of the evidence (with 1 ranked as a
highly relevant outcome and 5 as an unproven surrogate outcome).

Five uncontrolled case series (level IV interventional evidence) were found that assessed
patients with the Dynesys by radiographic means (Table 13). Device complications or
further degeneration were evident in 3.5-16.7 per cent of patients. Loose screws or
loosening of the device were the most common radiographic finding noted subsequent

to the procedure. When these complications occurred, the device was frequently

removed and revised to fusion (Table 31). It has been stated that the screw-loosening
rate found with the Dynesys device is as low as, or lower than, rigid pedicle
instrumentation (Stoll et al 2002b), but no direct comparative evidence was found to
substantiate this claim.
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Table 13 Radiographic observations after insertion of the Dynesys (uncontrolled

studies)
Study Level and quality Population | Radiographic observations
(Dubois et al Level IV: Uncontrolled 57 patients | 2/57 (3.5%) patients:
1999) before-and-after case 2 patients with protrusion of intervertebral disc in the
series adjacent level
Quality: 3/3
(Stoll et al Level IV: Uncontrolled 83 patients | 7/73 (9.5%) patients:
2002b) before-and-after case 7 patients with screw loosening (10/280 screws (3.6%), 2 of
series which were confirmed and removed)
Quality: 2.5/3
(Schnake et al Level IV: Uncontrolled 24126 4/24 (16.7%) implant failures:
2006) before-and-after case patients 3 100S€ SCrews
Series 1 patient with screw loosening and breakage
Quality: 2.5/3 7 patients with signs of adjacent segment degeneration
Progression of spondylolisthesis 2.1%
No significant change in lordosis or intervertebral height
(Grob et al Level IV: Uncontrolled 31 patients | 4/31 (12.9%) patients:
2005) before-and-after case 1 case where screws were positioned extrapedicularly
serle§ 2 cases where screws were positioned too far laterally
Quality: 1.5/3 1 case where screws on right-hand side showed loosening
None of these cases caused significant symptoms or
necessitated reintervention
(Putzier et al Level IV: Uncontrolled 70 patients | 3/70 (4.3%) patients:
2004) before-and-after case 2 patients with screw loosening (6 screws; 2.8% of patients)
Overlap with Series 1 screw breakage
(Putzier et al Quality: 1/3
2005)
Blood loss

Two historically controlled studies (level I1I-3 evidence) compared the Dynesys system
with decompression against either decompression alone or fusion with decompression
(Table 14). Mean blood loss was less in the patient group who received decompression
(nucleotomy) alone than in those patients who underwent decompression with the
Dynesys. When decompression and Dynesys were compared against decompression and
fusion, mean blood loss was lower in the group who received fusion surgery; however,
25 per cent more screws were used in the patients who received the Dynesys device (54
screws) than for the fusion procedures (42 screws) (Cakir et al 2003).

Table 14 Blood loss during the implantation of the Dynesys (controlled studies)

Study Level and quality 2 Population Mean blood loss (range)

(Putzier Level l1I-3: Historical control study | 84 patients Decompression + Decompression (n=49)

etal Quality: 19/27 Dynesys (n=35)

2009) Clin I: 2/4 190 mL (80-440) 135 mL (40-380)
R: 2/5

(Cakiret | Level lll-3: Historical control study | 20 patients Decompression + Decompression +

al 2003) Quality: 18/27 Dynesys (n=10) Fusion (n=10)
ClinI: 2/4 922 mL (300-3000) 892 mL (375-1600)
R:2/5

a See Appendix E—includes the level of evidence, a quality score derived from the Downs and Black (1998) checklist (with a high score
indicating good quality), rank scores for assessing the clinical importance (Clin 1) of the benefit/harm (with 1 ranked as highly clinically
important and 4 ranked as of indeterminate clinical importance), and rank scores for the relevance (R) of the evidence (with 1 ranked as a
highly relevant outcome and 5 as an unproven surrogate outcome).
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Two uncontrolled case series (level IV evidence) reported mean blood loss after insertion
of the Dynesys (Table 15).

Table 15 Blood loss during the implantation of the Dynesys (uncontrolled studies)

Overlap with (Putzier et
al 2005)

Quality: 1/3

Study Level and quality Population Mean blood loss
(range)
(Schnake et al 2006) Level IV: Uncontrolled before-and-after case series 26 patients 415 (100-700) mL
Quality: 2.5/3
(Putzier et al 2004) Level IV: Uncontrolled before-and-after case series 70 patients 220 (80-640) mL
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Safety of the X STOP

The evidence base for assessing the safety of the X STOP consisted of two studies—one
uncontrolled before-and-after case series, and a randomised controlled trial with one
relevant arm of treatment (both level IV interventional evidence). These studies assessed
the benefit of the X STOP in patients with neurogenic claudication secondary to lumbar
spinal stenosis (Lee et al 2004; Zucherman et al 2005).

Primary safety outcomes

Primary safety outcomes were divided into serious and minor adverse events. Adverse
events were classified as serious if they were likely to require hospitalisation or further
surgery. Only one of the studies included on the X STOP device (level IV interventional
evidence) mentioned serious complications (Zucherman et al 2005) (Table 16). One
death was reported in the study, occurring in a patient with a history of cardiovascular
disease after pulmonary oedema (Zucherman et al 2005). Another patient suffered a fall
which dislodged the X STOP, which was subsequently removed without clinical
sequelae.

Table 16 Serious complications from the X STOP ?

Study Level and quality Population Complications ©
(Zucherman | Level IV: Single arm of 100 patients 3/100 (3.0%) patients:
etal2005) | randomised controlled 1 case of pulmonary oedema 2 days after device
trial implantation, resulting in death (in a patient with a history of
Quality: 2.5/3 cardiovascular disease)
1 implant dislodgement/migration requiring removal of
implant

1 malpositioned implant
No device-related intra-operative complications

aadverse events excluding those detected by radiograph, blood loss and minor adverse events, which are discussed separately; ©likely to
require hospitalisation or further surgery

Minor complications occurred in up to 8.0 per cent of patients who received the
X STOP (Table 17).
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Table 17 Minor complications from the X STOP

Study Level and quality Population Complications
(Lee etal Level IV: Uncontrolled 10 patients No intra-operative complications or site-related post-
2004) before-and-after case operative complications such as implant failure, bony failure
series or infection
Quality: 3/3
(Zucherman | Level IV: Single arm of 100 patients | 8/100 (8.0%) patients:
etal2005) | randomised controlled 1 case of respiratory distress (resolved without clinical
trial sequelae)
Quality: 2.5/3 1 coronary episode, ischaemic (resolved without clinical
sequelae)

1 case of wound dehiscence

1 case of wound swelling

1 haematoma

1 case of incisional pain

1 asymptomatic spinous process fracture
1 case of increased pain at implant level

Secondary safety outcomes

Radiographic findings

Non-fusion devices are designed to move with the vertebrae, so loosening of the
interspinous devices is expected and is not considered a complication. However,
malpositioned implants are considered adverse events which may require intervention.
One study assessed the safety of X STOP radiographically at 6-month follow-up, and
found that two patients had radiologically detected complications or technical errors,
although neither patient required further treatment (Zucherman et al 2005; Table 18).

Table 18 Radiographic observations after insertion of the X STOP

Study Level and quality Population | Radiographic observations
(Zucherman et | Level IV: Single arm of 100 2/100 (2%) patients:
al 2005) randomised controlled patients 1 asymptomatic spinous process fracture, requiring no
trial further medical treatment or surgical intervention
Quality: 2.5/3 1 malpositioned implant
Blood loss

One uncontrolled case series and one single arm of a randomised controlled trial (level
IV evidence) reported low mean blood loss after insertion of the X STOP (Table 19).

Table 19 Blood loss from insertion of the X STOP

Study Level and quality Population Mean blood loss
(range)
(Lee et al 2004) Level IV: Uncontrolled before-and-after case series 10 patients <100 mL
Quality: 3/3
(Zucherman et al 2005) | Level IV: Single arm of randomised controlled trial 100 patients | 46 mL
Quality: 2.5/3

Lumbar non-fusion posterior stabilisation devices
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Safety of the Wallis system

Primary safety outcome

Minor adverse events

Only one study met the inclusion criteria outlined in Box 2 for the assessment of the
Wallis device. This French prospective cohort study (level I1I-2 interventional evidence)
compared the Wallis device (inserted after a discectomy) to a discectomy alone in a group
of patients with recurrent herniated disc(s). No major adverse events were noted, and
there was no significant difference in minor safety outcomes between the two treatment
groups (Senegas 2002; Table 20).

Table 20 The safety of the Wallis device versus decompression

Study Level and Population Complications Risk Relative
quality 2 difference risk
(95%CI) (95%Cl)
(Senegas | Level lll-2: 80 patients Wallis + Decompression 0.03 117
2002) Non- decompression (-0.14, (0.43, 3.17)
randomised 7140 (17.5%) 6/40 (15%) patients: 0.19)
controlled AP .
wial patients: 2 superficial
. No infections infections
Quality: 18/27 o ) ,
Clin |- 4/4 7 'dural violations 4 intra-operative
) with no adverse dural tears
R:1/5 consequences (1 of which turned
into infectious
meningitis that
resolved without
sequelae)

a See Appendix E— includes the level of evidence, a quality score derived from the Downs and Black (1998) checklist (with a high score
indicating good quality), rank scores for assessing the clinical importance (Clin 1) of the benefit/harm (with 1 ranked as highly clinically
important and 4 ranked as of indeterminate clinical importance) and rank scores for the relevance (R) of the evidence (with 1 ranked as a
highly relevant outcome and 5 as an unproven surrogate outcome).
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Summary - Is lumbar non-fusion posterior stabilisation with/without decompression as safe
as, or safer than, decompression or fusion surgery with/without decompression surgery?

Pedicle screw system

There were eight studies that assessed the safety of the Dynesys device. Serious complications
occurred in a median of 5% of patients, which commonly included malpositioning of screws and
pedicle fractures. The most common minor complications reported included dural lesions and
superficial infections, occurring in up to 10% of patients. From limited comparative evidence the rate of
complications after Dynesys insertion with decompression appears similar to decompression alone
and to fusion with decompression. Radiography demonstrated screw breakage or loosening was
evident in up to 16.7% of patients. No controlled studies had long enough follow-up to detect
differences in the rate of screw breakage or loosening between the Dynesys and rigid instrumentation.

Interspinous non-fusion devices

Two studies met the inclusion criteria for determining the safety of the X STOP device. The rate of
complications was low, although one death was reported in a patient who had previous cardiovascular
disease and occurred as a consequence of pulmonary oedema. Blood loss from insertion of the

X STOP procedure was minimal.

Only one study was identified that met the inclusion criteria for assessing the safety of the Wallis
device. From this limited evidence, patients appeared to have a similar number of minor complications
after receiving the Wallis device in addition to decompression than they did when they received
decompression alone. No major complications were reported.

The Advisory Panel noted that the only evidence for safety for the Coflex and the DIAM devices was in
abstract form (and excluded). However, since they have been widely used in Europe and the USA, the
panel considered that this provided a measure of support for these devices.
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Effectiveness of lumbar non-fusion posterior stabilisation

Studies assessing the effectiveness of lumbar non-fusion posterior stabilisation devices
were included according to criteria outlined a priori in Box 3.

Box 3 Study selection criteria to determine the effectiveness of lumbar non-fusion

posterior stabilisation

Research question

Is lumbar non-fusion posterior stabilisation with/without decompression as effective as, or more effective than, decompression
or fusion with/without decompression at providing post-operative leg pain relief and/or preventing post-operative back pain or
worsening of back pain, and improving the quality of life or functional status of patients, with symptomatic lumbar spinal
stenosis, degenerative spondylolisthesis, herniated disc or facet joint osteoarthritis (primarily with lumbar radicular
compromise)?

Selection criteria Inclusion criteria

Population People with symptomatic lumbar spinal stenosis, degenerative spondylolisthesis, herniated disc or
facet joint osteoarthritis (primarily with lumbar radicular compromise) who have failed to respond to
conservative management

Intervention Lumbar non-fusion posterior stabilisation devices with/without decompression (eg X STOP, Wallis
system, Dynesys, DIAM, Coflex)

Comparators 1) Decompression surgery (eg laminectomy, discectomy, nucleotomy)

2) Fusion surgery with/without decompression surgery (eg posterolateral gutter fusion, posterior lumbar
interbody fusion, anterior lumbar interbody fusion, anterior/posterior spinal fusion)

Outcome Primary—patient assessed leg and/or back pain, patient assessed quality of life, observer assessed
functional status

Secondary—observer assessed patient pain and quality of life, patient assessed functional status,
analgesic usage, hospital length-of-stay ®, rate of reoperation ®, device removal ®

Study design Randomised or non-randomised controlled trials or cohort studies, uncontrolled before-and-after case
series with at least 10 participants, or systematic reviews of these study designs

Search period 1994 — 2/2006 °

Language Studies in languages other than English were only translated and included if they represented a higher
level of evidence than that available in the English language evidence-base

aFor these outcomes post-test case series alone are also acceptable;® Research reports on the clinical use of lumbar non-fusion posterior
stabilisation devices were first published in 1994.

A total of 11 studies contributed to the evidence base on the effectiveness of non-fusion
devices for the lumbar spine; eight assessed the Dynesys, two assessed the X STOP and
one assessed the Wallis device. Detailed profiles of the studies included in this
assessment of effectiveness are provided in Appendix G. No studies assessing the DIAM
ot Coflex interspinous devices provided enough information to extract effectiveness
outcome data.

Effectiveness of the Dynesys

The highest level of evidence assessing the effectiveness of the Dynesys came from two
medium-quality historically controlled studies (level I11-3 evidence) (Cakir et al 2003;
Putzier et al 2005). The remaining evidence was from six uncontrolled before-and-after
case series (level IV evidence).

Primary effectiveness outcomes

No studies in this review used observer-assessed functional status as an outcome
measure. The two other primary outcomes defined a priori (patient-assessed pain and
quality of life) are discussed below.
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Patient-assessed pain

Pain before and after surgery was measured using a variety of instruments: visual
analogue scale (VAS), Zurich claudication questionnaire (ZCQ) and the short form — 36
(SF=306; bodily pain subscale).

Visual analogue scale

Various forms of the VAS are used to measure subjective pain. The scales are valid and
reliable and correlate well with other methods of measuring pain. A VAS is a straight line
that represents the level of pain being experienced, either activity-specific or just at rest.
Conventionally, the line is 10 cm long and each end of the scale is marked with labels
indicating the range of pain, eg 0 = pain free, 10 = severe pain. Sometimes other line
lengths are used (eg 5, 10, 15, 25 cm) and occasionally descriptors are placed along the
line (eg severe, moderate, mild). The distribution of VAS scores is not normal and so
non-parametric statistical analyses are appropriate (McDowell & Newell 1987). Initial and
subsequent pain ratings on a VAS tend to be correlated, such that the magnitude of
difference in scores before and after treatment is determined by the initial score. Changes
in score should therefore be compared between groups, rather than simply the final post-
treatment score.

Results of a historically controlled study assessing the effect of non-fusion stabilisation
compared to decompression on pain using a VAS are presented in Table 21. When the
Dynesys was compared against decompression surgery alone (nucleotomy), pain was
similar between the groups at baseline. Reduction in pain from baseline was statistically
significant at 3 months within both treatment groups; however, there was no statistically
significant difference besween the groups at this time point. At the subsequent follow-up
(between 24 and 47 months), the mean VAS pain score for patients who had received
nucleotomy was significantly increased (p<0.05), whereas no increase in pain was noted
in the patients who received Dynesys in addition to nucleotomy. Data were presented in
graphical form, so exact measures cannot be reported.

Table 21 Effectiveness of the Dynesys at reducing pain (VAS; controlled studies)

Study Level and quality 2 Population Change in pain b (VAS; 1-10 ©) Difference

(Putzier Level IlI-3: Historical 84 patients Decompression + Decompression

etal control study Dynesys (n=35) (n=49) Not

2005) Quality: 19/27 p<0.05°¢ p<0.05¢ significant d
Clin I: 3/4 74.3% with complete | 71.4% with complete ~ Not
R:1/5 remission remission significant

a See Appendix E—includes the level of evidence, a quality score derived from the Downs and Black (1998) checklist (with a high score
indicating good quality), rank scores for assessing the clinical importance (Clin I) of the benefit/harm (with 1 ranked as highly clinically
important and 4 ranked as of indeterminate clinical importance) and rank scores for the relevance (R) of the evidence (with 1 ranked as a
highly relevant outcome and 5 as an unproven surrogate outcome); ® change in pain compared to baseline ;¢VAS = visual analogue scale,
where 0 = no pain, 10 = severe pain; ¢ statistical tests were performed by 2-factorial analysis of variance with repetitive calculation for
dependent and independent variables performed; results were verified by the Friedman test.

Additionally, two good-quality uncontrolled studies (level IV interventional evidence)
reported on the impact of non-fusion posterior stabilisation of the lumbar spine on
patient-assessed pain using a VAS (Table 22). Both articles that used a VAS to determine
patient-assessed pain reported that the mean pain scores dropped considerably after
insertion of the Dynesys. The minimum clinically significant difference on a VAS is
reported to be between 9 mm and 13 mm on a 10-cm scale (Todd et al 1996; Kelly
2001). The lack of blinding of patients with regard to treatment may, however, have
impacted on perception of pain due to expectation effects.
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Table 22 Effectiveness of the Dynesys at reducing pain (VAS; uncontrolled studies)

Study Level and quality Population Pain (VAS)
Pre | Post Change 2
(Stoll et al Level IV: Uncontrolled before- 73/83 Back pain (VAS; 0-10)° 43
2002b) ZT,:?S?; ;e;:s))e series patients 74126 | 31423 p<0.01¢
Leg pain (VAS; 0-10)b 45
69130 |  24%21 p<0.01¢
(Schnake et al Level IV: Uncontrolled before- 24126 Mean pain (VAS; 0-100) ¢ 57
2006) and-after case series patients 80 23 p=0.00001
Quality: 2.5/3 range = 55-100 | range = 0-82

All statistical testing is compared to the pre-operative state; 2change = absolute difference in the means;® VAS = visual analogue scale, where
0 =no pain, 10 = severe pain; ¢ VAS = visual analogue scale, where 0 = no pain, 100 = severe pain; ¢Wilcoxon’s matched-pair test

Short form — 36—bodily pain scale

The short form — 36 (SF-30) item questionnaire is a well-validated instrument, where
each subscale ranges from 0 to 100 (0 = worst possible outcome and 100 = best possible
outcome) (Pratt et al 2002). Two items on the SF-36 assess levels of bodily pain
(Bowling 1997). A study on a United States population was done to determine normative
data for the SF-36, and the mean score for bodily pain was 75.2+23.7 (Ware et al 1994).
Currently, there is no standard reference for the minimal clinically significant
improvement (Zanoli 2005).

One average-quality historically controlled study assessed pain using the SF-36 (Table
23). Three of 10 patients who underwent fusion complained of considerable post-
operative pain associated with the site of the bone graft. Nevertheless, by 14 months
follow-up the mean bodily pain subscale score had improved to a greater degree for
patients receiving decompression and fusion surgery compared to patients who had
decompression and implantation of the Dynesys device (Cakir et al 2003). Neither the
statistical significance of the reduction in pain nor the difference between the groups was
calculated (appropriately, given the small sample size). While the historically controlled
study found substantial reduction in pain after surgery as a consequence of Dynesys
implantation, mean SF-36 scores were still considerably lower than the normative data
collated by Ware et al (1994).

Table 23 Effectiveness of the Dynesys at reducing pain (SF-36)

Study | Leveland quality2 | Population Pain (SF-36; 0-100)

Decompression + Dynesys | Decompression + fusion Relative
(n=10) (n=10) change ¢

Pre Post | Change®| Pre Post | Change "
(Cakir | Level lll-3: Historical | 20 patients 22 42 20 15 50 35 0.57
etal control study
2003) | Quality: 18/27
ClinI: 2/4
R:1/5

a See Appendix E—includes the level of evidence, a quality score derived from the Downs and Black (1998) checklist (with a high score
indicating good quality), rank scores for assessing the clinical importance (Clin 1) of the benefit/harm (with 1 ranked as highly clinically
important and 4 ranked as of indeterminate clinical importance) and rank scores for the relevance (R) of the evidence (with 1 ranked as a
highly relevant outcome and 5 as an unproven surrogate outcome); ® change = absolute difference in the means; ¢ relative change =
decompression + Dynesys change score / decompression + fusion change score; SF-36 = short form — 36, where 0 = worst possible outcome,
100 = best possible outcome.
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Patient-assessed quality of life

Short form — 36—quality of life

The SF-306 is also commonly used to measure quality of life (McDowell & Newell 1996).
It includes subscales of general health, mental health, role-emotional and vitality. Each
subscale ranges from 0 = worst possible outcome to 100 = best possible outcome. A
study was done to determine the normative scores within a North American population,
and found that the mean scores were: for general health perceptions 72£20.3, mental
health 74.7£18.1, role limitations (emotional problems) 81.3+33.0 and vitality 72.0£20.3
(Ware et al 1994).

One average-quality historically controlled study (level III-3 interventional evidence)
assessed quality of life using the SF-36 (Table 24). While benefits were seen on most
subscales for both treatment groups, Cakir et al (2003) did not assess the statistical
significance of the change after intervention or the difference between the groups. Due
to the small sample size of the study, no conclusions are able to be made on the
comparative effectiveness of the Dynesys and decompression on improving quality of
life compared to decompression with fusion.

Table 24 Effectiveness of the Dynesys at increasing quality of life (SF-36)

Study | Leveland | Population | Measure | Decompression + Dynesys | Decompression +fusion | Relative
quality 2 (n=10) (n=10) change ¢
Pre | Post | Change® | Pre | Post | Change®
(Cakir | Levellll-3: | 20 patients | General 52 46 -6 31 45 14 -0.43
etal Historical health
2003) | control Mental | 48 | 64 16 43 | 58 15 107
study health
Quality:
18/27 Role 7 56 49 15 37 22 2.23
Clin I: 4/4 emotional
R:1/5 Vitality 32 42 10 25 45 20 0.50

a See Appendix E—includes the level of evidence, a quality score derived from the Downs and Black (1998) checklist (with a high score
indicating good quality), rank scores for assessing the clinical importance (Clin I) of the benefit/harm (with 1 ranked as highly clinically
important and 4 ranked as of indeterminate clinical importance) and rank scores for the relevance (R) of the evidence (with 1 ranked as a
highly relevant outcome and 5 as an unproven surrogate outcome); b change = absolute difference in means; ¢relative change =
decompression + Dynesys change / decompression + fusion change; SF-36 = short form — 36, where 0 = worst possible outcome, 100 = best
possible outcome.

Secondary effectiveness outcomes

No included studies used observer-assessed pain as an outcome; therefore, this outcome
is not discussed. All other secondary measures of effectiveness selected a priori are
discussed below.

Patient-assessed functional status

Functional status was assessed in the evidence base using the Oswestry disability index
(ODI) and functioning subscales of the SF-30.

Oswestry disability index

The ODI is a validated questionnaire that was developed to measure impairment as a
result of pain (McDowell & Newell 1987). The scale ranges from 0 to 50 but scores are
converted to a percentage from the sections answered. A score of 0—20 represents
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normal pain and function, 20—40 moderate disability, 40—60 severe disability, and over 60
severe disability from pain in several areas of life.

Two medium-quality historically controlled studies (level I1I-3 interventional evidence)
assessed functioning using the ODI to compare the Dynesys against decompression
with/without fusion surgery (Table 25). Cakir et al (2003) found that patients who
received the Dynesys system and those who received fusion had mean ODI scores
reduced from scores corresponding to severe disability to moderate disability. The
difference between the groups was not statistically analysed. Although the patients who
received decompression and the Dynesys device improved to a greater degree, this may
be due to higher baseline levels of functional impairment and regression to the mean.
Putzier et al (2005) found no significant difference in functioning between patients who
received decompression with the Dynesys and decompression alone.

Table 25 Effectiveness of the Dynesys at improving functional status (ODI; controlled

studies)
Study Level and Population Functional status (ODI; 0-100) Relative
quality # Pre ‘ Post ‘ Change® | Pre | Post ‘ Changeb | Change®
(Putzieret | Level IlI-3: 84 patients Decompression + Decompression (n = 49)
al 2005) Historical control Dynesys (n = 35)
StUdY nis nis p<0.05 n/s nis p<0.05 No
Quality: 19/27 significant
Clin I: 3/4 difference
R:1/5
(Cakir et Level III-3: 20 patients Decompression + Decompression + fusion
al 2003) Historical control Dynesys (n = 10) (n=10)
study 54 | 33 21 % | 32 14 15
Quality: 18/27
Clin I: 2/4
R:1/5

ODI = Oswestry disability index, where 0 = no pain, 10 0= severe pain; n/s = not stated; 2 see Appendix E, which includes the level of evidence,
a quality score derived from the Downs and Black (1998) checklist (with a high score indicating good quality), rank scores for assessing the
clinical importance (Clin 1) of the benefit/harm (with 1 ranked as highly clinically important and 4 ranked as of indeterminate clinical importance)
and rank scores for the relevance (R) of the evidence (with 1 ranked as a highly relevant outcome and 5 as an unproven surrogate outcome); b
change = absolute difference in means; crelative change = intervention change / comparator change.

Two uncontrolled before-and-after case series (level IV interventional evidence) also
used the ODI to determine functional status before and after insertion of the Dynesys
(Table 26). While both studies found an improvement at follow-up, only one of the
studies assessed the statistical significance of the observed benefit and concluded the
effect was likely to be real (above chance).

Table 26 Effectiveness of the Dynesys at improving functional status (ODI,
uncontrolled studies)

Study Level and quality Population Mean disability (ODI; 0-100)

Pre Post Change 2
(Stoll et al Level IV: 73/83 55.4+19.5 22.9+19.3 325
2002b) Uncontrolled before-and-after case series | Patients range = 10-92 | range=0-71 | p<0.01®

Quality: 2.5/3

(Bordes- Level IV: 95 patients 56.8 214 354¢
Monmeneu | Uncontrolled before-and-after case series
etal 2005) | quaity: 2/3

ODI = Oswestry disability index, where 0 = no pain, 100 = severe pain; 2 change = absolute difference in means;  Wilcoxon’s matched-pair
test; ¢significance level not stated
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Short form — 36—functioning subscales

The SF-36 includes subscales of physical functioning, role limitations due to physical
problems and social functioning (Bowling 1997). One average quality historically
controlled study (level III-3 interventional evidence) (Table 27) assessed functioning
using the SF-36. Decompression plus Dynesys was compared against decompression
plus fusion but no statistical comparisons were made. Both treatments improved patient
functioning as measured on these subscales of the SF-36 by between 14 and 25 points.

Table 27 Effectiveness of the Dynesys at improving functional status (SF-36)

Study | Leveland | Population| Measure Functioning (SF-36; 0-100) Relative
quality 2 change¢
Decompression + Decompression + fusion
Dynesys (n = 10) (n=10)
Pre | Post | ChangeP | Pre Post | Change®
(Cakir | Levellll-3: | 20 patients | Physical | 23 42 19 18 39 21 0.90
etal Historical function
2003) | control study Social | 44 | 58 14 43 | 60 17 0.83
Quality: function
8/27 Rol 14 39 25 14 31 17 1.47
Clin I: 2/4 e '
physical
R:1/5

a See Appendix E—includes the level of evidence, a quality score derived from the Downs and Black (1998) checklist (with a high score
indicating good quality), rank scores for assessing the clinical importance (Clin 1) of the benefit/harm (with 1 ranked as highly clinically
important and 4 ranked as of indeterminate clinical importance) and rank scores for the relevance (R) of the evidence (with 1 ranked as a
highly relevant outcome and 5 as an unproven surrogate outcome); SF-36 = short form — 36 where 0 = worst possible outcome, 100 = best
possible outcome; ® change = absolute difference in means; ¢relative change = decompression + Dynesys change / decompression + fusion
change

Analgesic usage

Analgesic use is a surrogate measure of pain, and therefore can be used to determine the
effectiveness of non-fusion stabilisation. Only one study reported rates of analgesic use
before and after non-fusion stabilisation (Table 28). The 26 patients with lumbar spinal
stenosis and degenerative spondylolisthesis who underwent stabilisation with Dynesys
used statistically significantly less analgesics 2 years after stabilisation than before.

Table 28 Effectiveness of the Dynesys at reducing analgesic use

Study Level and quality Population Analgesic use
Pre Post (n = 24) Change 2
(n=26)
(Schnake et al 2006) Level IV: Uncontrolled before- 26 patients 19 6 13
and-after case series p=0.013
Quality: 2.5/3

LSS = lumbar spinal stenosis; @change = absolute difference in means

Hospital length of stay

One average quality historically controlled study (level II1-3 interventional evidence)
compared the effects of decompression surgery with dynamic stabilisation against
decompression surgery with dorsoventral fusion in a group of patients with degenerative
spinal stenosis (Cakir et al 2003). This German study found that the average length of
hospital stay was considerably less after insertion of the Dynesys device than after fusion
surgery (Table 29). It is likely that hospital length of stay associated with the insertion of
a lumbar non-fusion device is dependent on the type of anaesthesia given to the patient,
the co-morbidities of the patient and the local hospital protocols regarding patient
discharge and outpatient follow-up. Hospital length of stay results from Cakir et al (2003)
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are not representative of the Australian situation. In 200304, the average length of
hospital stay (private and public combined) after spinal fusion was 9.1 days (Australian
Government Department of Health and Ageing 2005).

Table 29 Effectiveness of non-fusion stabilisation at reducing length of hospital stay
(controlled study)

Study Level and quality 2 Population Mean length of stay (range)

(Cakiretal Level III-3: Historical control study | 20 patients Decompression + Decompression +

2003) Quality: 18/27 Dynesys (n = 10) fusion (n = 10)
Clinl: 2/4 19.3 days (11-28 days) 28.4 days (16-37 days)
R: 3/5

a See Appendix E—includes the level of evidence, a quality score derived from the Downs and Black (1998) checklist (with a high score
indicating good quality), rank scores for assessing the clinical importance (Clin 1) of the benefit/harm (with 1 ranked as highly clinically
important and 4 ranked as of indeterminate clinical importance) and rank scores for the relevance (R) of the evidence (with 1 ranked as a
highly relevant outcome and 5 as an unproven surrogate outcome).

Two uncontrolled case series (level IV interventional evidence) reported hospital length
of stay after insertion of the Dynesys device ranging between 9 and 43 days (Table 30).

Table 30 Length of hospital stay after insertion of the Dynesys (uncontrolled studies)

Study Level and quality Population Mean hospital length of
stay (range)
(Schnake et al 2006) Level IV: Uncontrolled before-and-after case series | 26 patients 16 days
Quality: 2.5/3 (10-43 days)
(Putzier et al 2004) Level IV: Uncontrolled before-and-after case series | 70 patients 13 days
Quality: 1/3 (9-19 days)
Reoperation

Further treatment at the site of a non-fusion implant due to persisting problems was
classified as a therapeutic failure. Five uncontrolled case series provided information on
reoperation rates (Table 31). Between 3.8 and 12.9 per cent of patients who received the
Dynesys required reoperation at the index level.
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Table 31 Reoperation rates after insertion of the Dynesys

and-after case series
Quality: 1/3

Study Level and quality Population | Reoperation
(Dubois et al Level IV: 57 patients 4/57 (7.0%) patients:
1999) Uncontrolled before- 2 cases where device was placed extrapedicularly, causing
and-after case series neurologic symptoms
Quality: 3/3 2 cases where investigator decided to perform arthrodesis
(Stoll et al 2002b) | Level IV: 73/83 6/73 (8.2%) patients:
Uncontrolled before- | patients Screw loosening
and-after case series 1 screw malpositioned, which required reoperation
Quality: 2.5/3 1 screw loosening causing clinical symptoms which required
further intervention
Index level
3 cases of implant removal due to unresolved pain - revision to
fusion in 2
1 patient required laminectomy at index level
Adjacent level degeneration
7 (9.5%) patients with adjacent segment degeneration required
further surgery:
1 underwent decompression of adjacent segment, removal of
implant and extended fusions
4 underwent implant removal and extended fusions
2 received extension of Dynesys
(Schnake et al Level IV: 26 patients 1/26 (3.8%) patients:
2006) Uncontrolled before- 1 required revision secondary to insufficient decompression
and-after case series
Quality: 2.5/3
(Grob etal 2005) | Level IV: 31 patients 4/31 (12.9%) patients:
Uncontrolled before- 4 cases of implant loosening (revised to fusion)
and-after case series 2 further cases showed signs of screw loosening with a view to
Quality: 1.5/3 possible revisions
(Putzier et al Level IV: 70 patients 5/70 (7.1%) patients:
2004) Uncontrolled before- 2 cases of screw loosening treated with complete implant

removal
1 screw breakage treated with dorsoventral spondylodesis
1 newly developed radicular syndrome treated with radiculolysis

1 progressive motor radicular syndrome treated with
dorsoventral spondylodesis
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Effectiveness of interspinous non-fusion devices

Effectiveness of the X STOP

Two studies met the inclusion criteria determined a priori (see assessing the effectiveness
of the X STOP (Box 3).

Primary effectiveness outcomes

No studies in this review used observer-assessed functional status as an outcome
measure. The two other primary outcomes defined a priori (patient-assessed pain and
quality of life) are discussed below.

Patient-assessed pain

Pain before and after insertion of the X STOP was measured using the short form— 36
(SF=306; bodily pain subscale) and the Zurich claudication questionnaire (ZCQ).

Short form — 36 (SF-36)—>bodily pain scale

Zucherman et al (2004) performed a randomised controlled trial comparing the X STOP
interspinous implant with non-operative therapy. While the comparator was
inappropriate for the purposes of this systematic review, the data from the patients who
received the X STOP device were included. This good-quality multicentre study (level IV
interventional evidence) found that mean pain was significantly lower 1 year post-
insertion of the X STOP device than prior to surgery (Table 32).

Table 32 Effectiveness of the X STOP at reducing pain

Study Level and quality Population Pain (SF-36;0-100)
Pre Post Change?
(Zucherman et al Level IV: Single arm of randomised 88/100 245 56.1 31.6
2004) controlled trial patients p<0.05°
Quality: 2.5/3

achange = absolute difference in means; ? student's t-test; SF-36 = short form — 36, where 0 = worst possible outcome, 100 = best possible
outcome.

Zurich claudication questionnaire

The Zurich claudication questionnaire (ZCQ), also known as the Swiss spinal stenosis
questionnaire (SSS), is a validated instrument specific to lumbar spinal stenosis
(Zucherman et al 2004). It has three different domains (symptom severity, physical
function and post-treatment satisfaction). Questions 1 to 7 assess symptoms severity,
including pain, and a neuroischaemic domain (Pratt et al 2002). Each question receives a
score out of 5 and the scores are averaged for each domain. Two uncontrolled studies
(Ievel IV interventional evidence) used the ZCQ and found reductions of symptom
severity in patients who had received the X STOP device (Table 33). A clinically
important reduction in symptom severity on the ZCQ is defined as post-operative
average score — pre-operative average score =0.5. Between 40 and 60 per cent of patients
had a clinically important reduction in symptoms after insertion of the X STOP device
(9 months — 2 years after surgery).
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Table 33 Effectiveness of the X STOP at reducing pain (ZCQ)

Study Level and quality Population Pain (ZCQ; 1-5)
Pre Post Change
(Leeetal Level IV: Uncontrolled 10 patients 2.74 9-18 months 0.49
2004) before-and-after case 2.26 significant
series improvement in 40%
Quality: 3/3 @
(Zucherman | Level IV: Single arm of 93/100 3.14 2 years 45.5%
et al 2004) randomised controlled trial | patients (1.60-3.60) Not stated p<0.05b
(Zucherman | Quality: 2.5/3 significant
et al 2005) improvement in
60.2% 2

a significant improvement = post-operative score — pre-operative score 20.5; b student’s t-test

Patient-assessed quality of life

Quality of life—SF-36

One good-quality arm of a randomised controlled trial (level IV interventional evidence)
assessed quality of life using the SF-36 (Table 34). Zucherman et al (2004) had a large
enough sample size that the mean changes after 1 year on all subscales were statistically
significant despite the small changes for general health perception and mental health. The
clinical importance of these differences is unclear.

Table 34 Effectiveness of the X STOP at increasing quality of life (SF—36)

Study Level and quality Population Quality of life (SF-36)
Measure Pre Post Change @
(Zucherman | Level IV: Single arm of | 88/100 General health 70.2 73.0 2.8, p<0.05b
et al 2004) randomised controlled | patients
trial Mental health 64.6 66.8 2.2,p<0.05b
Quality: 2.5/3 Role emotional 52.0 771 25.1,p<0.05°b
Vitality 474 53.0 5.6, p<0.05°

achange = absolute difference in means; SF-36 = short form - 36, where 0 = worst possible outcome, 100 = best possible outcome; b student’s
t-test;

Secondary effectiveness outcomes

No included studies used observer-assessed pain as an outcome; therefore, this outcome
is not discussed. All other secondary measures of effectiveness selected a priori are
discussed below.

Patient-assessed functional status

Functional status was assessed in the evidence base using the functioning subscales of the
short form — 36 (SF-36) and the Zurich Claudication Questionnaire (ZCQ).

Short form — 36—functioning subscales

One good-quality single arm of a randomised controlled trial (level IV evidence) (Table
35) assessed functioning using the SF-306. The single arm study found greater benefits of
between 20.8 and 43.5 points for the functioning subscales of the SF-306, all of which
were statistically significant at 1 year follow-up.
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Table 35 Effectiveness of the X STOP at improving functional status (SF-36)

Study Level and quality | Population Functioning (SF-36; 0-100)
Measure Pre Post Change?
(Zucherman | Level IV: Single 88/100 Physical function 31.7 62.2 30.5, p<0.05°®
et al 2004) arm of patients
randomised Social function 58.5 79.3 20.8, p<0.05°
controlled trial
Quality: 2.5/3 Role physical 13.5 57.0 43.5, p<0.05°

SF-36 = short form — 36 where 0 = worst possible outcome, 100 = best possible outcome; 2 change = absolute difference in means; b student's
t-test

Zurich claudication questionnaire

Two good-quality studies (level IV evidence) used the ZCQ) to assess physical
functioning before and after insertion of the X STOP device (Table 36). A clinically
important improvement on the ZCQ physical function subscale is defined as a 20.5
reduction in score. Clinically significant improvements were seen in 10-57 per cent of
patients. The difference in rate of clinical success may be attributable to learning curves
of the surgeon, as the larger case series reported much better success at improving
patient-assessed functioning than the smaller case series.

Table 36 Effectiveness of the X STOP at improving functional status (ZCQ)

Study Level and quality Population Functional status (ZCQ; 1-4)
Pre Post Change 2
(Lee etal 2004) | Level IV: Uncontrolled before-and- | 10 patients 2.33 9-18 months 0.21
after case series 212 significant
Quality: 3/3 improvement in
10%
(Zuchermanet | Level IV: Single arm of 93/100 248 2 years 44.3% reduction
al 2004) randomised controlled trial patients (1.60-3.60) Not stated in mean ZCQ
(Zucherman et | Quality: 2.5/3 score
al 2005) p<0.05°
significant
improvement in
57%

ZCQ = Zurich claudication questionnaire, where 1 = no pain, 4 = severe pain; significant improvement = reduction of 0.5 or more on ZCQ; 2
change = absolute difference in means; b student’s t test

Reoperation

Reoperation at the index level is considered a therapeutic failure. Zucherman et al (2005)
reported that six patients (6.5% of those followed up) who received the X STOP device

underwent decompression surgery (laminectomy) due to unresolved stenosis symptoms

during a 2 year follow-up period (Zucherman et al 2005).
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Effectiveness of the Wallis device

One average quality French non-randomised study (level III-2 evidence) was identified
that reported on the effectiveness of the Wallis device and met the inclusion criteria
determined a priori (Box 3). Patients were undergoing surgery for recurrence of herniated
disc, and received a discectomy with or without the Wallis device at L4—L5. This study
assessed patient pain (VAS), functioning (ODI), analgesic use and reoperation rates.
While the patients in this study received the first generation of the Wallis device (made
from titanium), the Advisory Panel decided that the first generation device was
sufficiently similar to the current device (made from polyetheretherketone; PEEK) that
the results would be comparable.

Primary effectiveness outcomes

Patient-assessed functional pain

Visual analogue scale

A description of the VAS can be found on page 35. Change in pain scores at follow-up
(average 3 years and 4 months) were higher in the group who received the Wallis implant
after their discectomy than in those who received a discectomy alone, showing a larger
reduction in pain (Table 37). Raw outcome data were not presented in the research
article, and no statistical comparison was made between the two treatment groups.
Losses to follow-up were not reported, which could potentially be a confounding factor.

Table 37 Effectiveness of the Wallis at reducing pain (VAS)

Study Level and quality 2 Population Change in pain ® (VAS; 1-10 ©) Difference
(Senegas | Level lll-2: Non-randomised | 80 patients Decompression + Decompression
2002) controlled trial Wallis (n = 40) (n=40)
Quality: 18/27 74% 52% Not stated
Clinl: 1/4
R: 1/5

a See Appendix E—includes the level of evidence, a quality score derived from the Downs and Black (1998) checklist (with a high score
indicating good quality), rank scores for assessing the clinical importance (Clin I) of the benefit/harm (with 1 ranked as highly clinically
important and 4 ranked as indeterminate clinical importance) and rank scores for the relevance (R) of the evidence (with 1 ranked as a highly
relevant outcome and 5 as an unproven surrogate outcome); ® change in pain compared to baseline ;¢ VAS = visual analogue scale, where

0 =no pain, 10 = severe pain

Secondary effectiveness outcomes

Patient-assessed functional status

Oswestry disability index

Senegas (2002) used the Oswestry disability index (ODI) to assess the functional status
of patients prior to and after surgery (for a full description of the ODI questionnaire see
page 37). Greater improvement in patient-assessed functional status was reported at
follow-up (average 3 years 4 months, minimum of 1 year) after decompression plus the
Wallis device than after decompression alone (Table 38). However, the loss to follow-up
was not reported, so results may be affected by attrition bias.
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Table 38 Effectiveness of the Wallis at improving functional status (ODI)

Study Level and Population Functional status (ODI; 0-100) Relative
quality # Pre ‘ Post ‘ Change® | Pre ‘ Post ‘ Changeb | Change®
(Senegas | Level lll-2: Non- | 80 patients | Decompression + Wallis Decompression (n = 40)
2002) randomised (n=40)
trolled trial
controlled T 582+ | 164+ | 418 |547+ | 22411 | 327 1.28
Quality: 18/27 2 10 16
Clin1: 1/4
R: 1/5

ODI = Oswestry disability index, where 0 = no pain, 100 = severe pain; 2 see Appendix E—includes the level of evidence, a quality score
derived from the Downs and Black (1998) checklist (with a high score indicating good quality), rank scores for assessing the clinical importance
(Clin 1) of the benefit/harm (with 1 ranked as highly clinically important and 4 ranked as of indeterminate clinical importance) and rank scores
for the relevance (R) of the evidence (with 1 ranked as a highly relevant outcome and 5 as an unproven surrogate outcome); b change =
absolute difference in means; crelative change = intervention change / comparator change.

Analgesic usage

Analgesic use is a surrogate measure of pain, and therefore can be used to determine the
effectiveness of non-fusion stabilisation. The rate of analgesic usage prior to surgery is
unknown; however, substantially fewer patients who received the Wallis device were
taking analgesics after surgery than those in the discectomy-alone group (Table 39).

Table 39 Effectiveness of the Wallis at reducing analgesic use

Study Level and quality Population Analgesic usage post surgery
(Senegas Level IlI-2: Non-randomised 80 patients Decompression + Wallis Decompression
2002) controlled trial (n=40) (n=40)
Quality: 18/27 42.5% no longer taking 20% no longer taking
analgesics analgesics
Reoperation

Further treatment at the site of a non-fusion implant due to persisting problems was
classified a therapeutic failure. Senegas (2002) reported no difference in rate of
reoperations between the patients who received discectomy and the Wallis device versus
a discectomy alone (Table 40).

Table 40 Effectiveness of the Wallis at reducing rate of reoperation

Study Level and Population Reoperations Risk Relative
quality difference risk
(95%Cl) (95%Cl)
(Senegas Level l1-2: 80 Decompression + Decompression 0.00 1.00
2002) Non- patients Wallis (n = 40) (n=40) (-0.12,0.12) | (0.22, 4.66)
Li?ﬁgﬁ‘;ed 3040 (7.5%) patients: | 3140 (7.5%) patients:
trial 3 cases of persisting 2 reoperations due to
Quality: low-back pain chronic low-back pain
1 éllg;y. (1 case where ligament | (revised to fusion)
was loose; 2 cases of 1 neurostimulation
subsequent disc device implanted due
herniation) to constant pain
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Summary - Is lumbar non-fusion posterior stabilisation with/without decompression as
effective as, or more effective than, decompression or fusion with/without decompression at
providing post-operative leg pain relief and/or preventing post-operative back pain or
worsening of back pain, and improving the quality of life or functional status of patients with
symptomatic lumbar spinal stenosis, degenerative spondylolisthesis, herniated disc or facet
joint osteoarthritis (primarily with lumbar radicular compromise)?

Pedicle screw system

Two average-quality historically controlled studies (level IlI-3 evidence) and six uncontrolled before-
and-after case series (level IV evidence) provided information on the effectiveness of the Dynesys
device. The Dynesys was found to be as effective at reducing pain as decompression alone and less
effective than fusion surgery (both performed after decompression surgery), although the sample
size of the study was too small (n=20) to determine the significance of this finding. Two uncontrolled
studies further reported that the Dynesys was effective at reducing pain from baseline.

One historically controlled study found that decompression + Dynesys and decompression + fusion
improved the mean scores on the subscales of mental health, role emotional and vitality, whereas
only patients receiving decompression + fusion surgery improved on the general health perceptions
subscale. Patients who received decompression + Dynesys had a reduction (worsening) of mean
general health perceptions score. Patient-assessed functional status was improved after insertion of
the Dynesys. The two comparative studies found that the Dynesys was as effective as
decompression with/without fusion surgery at improving functional status.

Hospital length of stay was found to be significantly shorter after decompression + insertion of the
Dynesys (19.3 days) than decompression + fusion of the vertebral bodies (28.4 days) (level lll-3
evidence). These results are unlikely to be relevant to Australia given the quite different hospital
discharge practices. However, interspinous devices are likely to result in shorter lengths of stay than
the Dynesys.

Interspinous non-fusion devices

Two studies without appropriate control conditions provided before-and-after effectiveness data on
the X STOP (level IV evidence). One good-quality single arm of a randomised controlled trial found
statistically significant improvements for patients after the insertion of the X STOP device on all
subscales of the SF-36 (including pain, functioning and quality of life), although the clinical
importance of these changes is unclear. Significant reductions in pain on the Zurich claudication
questionnaire were found in 40-60% of patients, and significant improvements in functional status
were found in 10-57% of patients.

One average quality cohort study (level l1l-2 evidence) assessed the effectiveness of the Wallis
device following a discectomy, compared to a discectomy alone. Patients who received the Wallis
device had a greater reduction in pain and larger improvement in functioning than those who
received the discectomy alone, although the statistical and clinical significance of these differences
is unclear. Substantially fewer patients required analgesics after receiving the Wallis device, while no
significant difference was found between the rates of reoperation between patient groups.
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Economic considerations for lumbar non-fusion posterior
stabilisation

The purpose of the economic evaluation is to consider the additional costs and additional
health gains of the proposed service over the comparator when used in the Australian
healthcare system. Despite non-inferiority not having been formally tested, the Advisory
Panel concluded that, on the balance of the evidence presented, lumbar non-fusion
posterior stabilisation devices are as safe as and no less effective than the main
comparators, decompression surgery or fusion surgery with/without decompression. A
cost analysis is therefore presented.

The present economic evaluation will focus on the costs and health outcomes from a
societal perspective. This includes costs to the Australian Government (MBS), the States
and Territories, and the individual and/or their health insurance company. Cost data will
therefore cover all non-trivial resources directly used in providing the intervention.
Indirect costs, also known as productivity costs, are not considered. All cost data were
converted to the single year 2006 and expressed in Australian dollars.

Research question: Is lumbar non-fusion posterior stabilisation with decompression a
less costly treatment option for patients with symptomatic lumbar spinal stenosis,
degenerative spondylolisthesis, herniated disc or facet joint osteoarthritis (primarily with
lumbar radicular compromise) in comparison to decompression alone or fusion with
decompression?

Figure 8 Clinical decision tree for symptomatic lumbar radicular compromise refractory to
conservative treatment

People with symptomatic lumbar spine radicular syndromes

o lumbar spinal stenosis (central or foraminal)

o herniated disc (recurrent or large herniation with extensive discectomy)
o degenerative spondylolisthesis

o facet joint osteoarthritis

!

Pre- or intra-operative spinal state?

Stable Potentially unstable Unstable
v v I 4
Artificial Decompression Non-fusion device with/without Decompression and
intervertebral disc surgery decompression surgery fusion surgery

The main comparators used in these analyses are decompression surgery alone and
decompression plus fusion surgery. Fusion surgery is occasionally performed without
prior decompression, and was therefore included in the systematic review as a
comparative treatment; however, for the purposes of the economic evaluation, it will not
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be considered as it is not common clinical practice for fusion surgery alone to be
performed for this patient group in Australia.

Non-fusion stabilisation devices are expected to replace a proportion of fusion
procedures (both performed after decompression surgery) as well as a proportion of
decompression procedures.

Thus, the main comparisons considered in this economic analysis are:
e decompression and stabilisation with a non-fusion device versus decompression

e decompression and stabilisation with a non-fusion device versus decompression and
fusion

Five non-fusion devices are relevant to each main comparison.

It is accepted that the two comparators are not discretely independent. In theory, there
are defined patient characteristics; however, in reality, patients will present with subtle
gradations of symptoms and signs that represent a continuum of characteristics. The
surgeon determines the most appropriate surgery to be performed for that individual
(decompression alone or with the addition of fusion) based on their knowledge and
experience that the merits of one is greater than that of the other. In view of this, the
Advisory Panel therefore recommended that it was appropriate to compare conventional
surgery (decompression with or without fusion) with decompression and non-fusion
surgery.

Cost analysis

Patient population

The population for whom Medicare Benefits coverage is being considered are those
patients with lumbar spinal stenosis, degenerative spondylolisthesis, herniated disc or
facet joint osteoarthritis (primarily with symptomatic radicular compromise) that has
failed to respond to conservative management.

The population included in the economic analysis are those who currently receive the
comparator treatments (ie laminectomy or laminectomy and posterior fusion surgery).
The actual target population would include a small number of patients who have
herniated discs and require a discectomy; however, for the purposes of the economic
evaluation, the potential uptake of non-fusion devices has been based on the number of
laminectomy procedures undertaken. Including the number of discectomies would result
in a gross overestimation of potential use.

The population included in the economic analysis does not include those patients who
currently would not be considered for surgery. It is possible that a small number of
people with mild lumbar spinal stenosis who would not be considered for decompression
surgery or fusion surgery may receive the X STOP device. For the Australian healthcare
context and from the societal perspective, the target population is therefore all patients
who would be considered for the comparator treatments (and could thus be considered
for non-fusion devices) in both the public and private healthcare systems.

The evidence of effectiveness and safety presented in this report is for patients who
received non-fusion devices in different healthcare settings around the world. The
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Advisory Panel has accepted that these results would be generalisable to the Australian
population (with the exception of hospital length of stay data) since the evidence comes
from developed countries' with similar standards of practice to Australia.

Resources considered during the economic evaluation

Table 41 lists the main types of resources considered in the economic analysis and the
source of the information for their unit costs.

Table 41 Main types of resources considered in the economic analysis and the source
of the information on unit costs

Type of cost Source of information

Medical practitioner 2005 Schedule of Medicare Benefits, Department of Health and Ageing, Australian Government,
services <http://www.health.gov.aulinternet/wems/publishing.nsf/Content/Medicare+Benefits+Schedule-2>
Prostheses 2005 Prostheses list (plus 2006 amendments), Australian Health Insurance Association,

<http://www.ahia.org.au/prostheses.php>;
Zimmer Spine and Taylor Bryant

Hospital and theatre 2003-4 Round 7 Cost Report AR-DRG for private hospitals, Department of Health and Ageing,
accommodation Australian Government,

<http://www.health.gov.au/internet/wcms/publishing.nsf/Content/Data+Collections-1>

Medical practitioner services

The unit costs of medical practitioner services were obtained from the likely MBS fees
for surgery involving lumbar non-fusion posterior stabilisation devices compared to the
MBS fees currently listed for decompression and fusion surgery.

Table 42 outlines the number of vertebral levels treated within the non-fusion literature.
These rates are similar to the number of levels of rigid instrumentation, as determined
from the ratio of item number usage on the MBS (Medicare Australia 2006). A small
number of patients (3.6%) receive more than four levels of fusion instrumentation
(Medicare Australia 2006) but it is unlikely that these patients would be candidates for
non-fusion devices.

Table 42 Estimated number of vertebral levels requiring treatment (in patients suitable
for non-fusion devices)

Number of vertebral levels Percentage of patients
1 65
2 20
3 10
4 5
More than 4 0

The cost associated with the non-fusion and comparative procedures varies substantially
depending on the number of levels treated, the type of device/instrumentation used, and
the type of decompression surgery used. The complexity of the surgery also influences
how much anaesthesia would be used. Therefore, weighted estimates of the unit cost

! United Kingdom, Spain, Germany, Australia, United States, France, Switzerland, Italy, Korea, Japan and
Sweden

Lumbar non-fusion posterior stabilisation devices



have been derived by determining the percentage of the patient population likely to be
over 70 years of age, the percentage likely to have more than one level of
instrumentation, and the assumption that patients will receive the more common form of
decompression (items 40303 and 40300).

Assumptions that have been made are:

e The pre-procedural work-up is the same between treatments and has therefore not
been included in the total cost of the procedures.

e Sixty-five per cent of patients are treated at one vertebral level, 20 per cent at two
levels, 10 per cent at three levels and 5 per cent at four levels (based on a combination
of the usage of MBS items 48684 and 48687 and the number of levels treated in the

non-fusion literature).

e 27 per cent of the patients are aged 70 years or greater (based on the age distribut