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Abstract

Lumbar Spinal Stenosis (LSS) is becoming increasingly prevalent in the ageing population and surgery is regarded as
the gold standard treatment after conservative measures have falllhy patients do noimprove however,and

the complication rates are high. Interspinous distraction devit®®s) have been proposed as a safe alternative
however their cost and their failure rate has made their use controversial. No UK data exists to date with regards

to the costeffectiveness of the surgical management@Ds in_.S&nd there isa lack ofong term follow up

Objective¢ To determine the coseffectiveness and quality of life after the treatment of LSS with tH&top

device and laminectomy.

Method ¢ A rardomised control trial of 47 patients with LSS (26 laminectomy and-310p). The primary
outcome was cost anduality of life measured using EQ5D. Other clinical outcomes were meassiegiSk36,
ZCQ, ODI and QBPD&cahdary measures included, operatitigne, length of stay andcomplication rates

Patients were followed up at ®onths, 12 months and 24 months.

Results¢ The mean cost of the Laminectomy group wa&s741.8 and the mean cost of theStop group was
£5,148 £1,799 plus the cost of the devid®,605 per device). Using intention to treat analysis, the mean QALY
gain for the laminectomy group was 0.92 and for th&t¥p group was 0.81. The incremental cost effectiveness

ratio was £22,247.27. The complication rate for the laminectomy group wa2% vs 9.5% for the Stop group.

Conclusiorg Laminectomy is moreast-effective thanX-Stop insertiorfor the treatment of LSSnainly due to the
cog of the device. The -%top device does not replace a laminectomy as gold standard treatment however it

should be consideredhen a less invasive procedure is required
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Introduction

Background

This dissertation presents the results of the CELAX trial. This is a randomised control trial comparing the cost
effectiveness oflaminectomy and the interspinous distractor devicestdp as treatment of Lumbar spinal
stenosis(LSS). The study also addresses the quality of life of patients suffering with this condition and how it is

affected by the two different types of treatment.

The use of interspinous distractor devices (IDDs) in the management of lumbar spinal stenosis (LSS) is
controversial. Decompressive lumbar laminectomy is accepted as the gold standard for surgery; however, due to
the morbidity associated with this invasivergical treatment and the higher complication rate in the elderly

population, laminectomy may not always be the best option.

In 2005, the »StogdR Interspinous Process Decompression SyétaiMedtronic Spine LLC) was the first IDD to be
approved by the U.S. Food and Drug Administration (FDA) for the treatment of LSS. This device was designed to
provide relief of the symptoms of neurogenic claudication from LSS via a minimally invasive hppfbae
procedure time is much shorter, carries fewer risks of complications and is also reversible, i.e. the device can be
removed. Xstop became popular in the management of LSS however it is more expensive than a lumbar
laminectomy. The objective offis study was to elucidate whether the device is eefféctive when compared to

the standard treatment, laminectomy, and to find outifid howit influencesguality of life.
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Lumbar Spinal Stenosis (LSS)

Introduction

Lumbar spinal stenosis (LSS) isdtbmmonest degenerative condition of the lumbar spine. It causes the symptoms

of neurogenic claudication and is the commonest cause of back and leg pain in the over fifties. It affects mainly the
elderly population and is a detriment to the quality of lité the sufferers. It consumes large amounts of
healthcare resources and is a common reason for GP consultations and referrals thereby being a costly burden to

the national health service.

Definition

LSS can be defined as narrowing of the spinal canalhwtacises compromise of the neural and vascular
structures. The definition of this common condition can be broad, including any cause of narrowing of the spinal
canal, nerve root canal or intervertebral foramina. This can be classified as local, segmeydalecalized, or

caused by bone or soft tissue. Although the spinal canal could be congenitally narrow, the term LSS is generally
accepted to refer to the acquired type with the leading cause beingralg¢ed change where acquired changes
including degearative disc disease, ligamentum flavum thickening and facet joint hypertrophy compete for space
with the neural structures thereby resulting in symptoms of neurogenic claudication. Classically, the patient

presents with a history of leg pain, which impesvor resolves with flexion such as sitting or bending forward.

LSS is confirmed radiologicallp diameter of 11.5mm or a canal area less than 1Zuas been used by some
authors to define LSShowever tere is nouniversally agreed cut-off canal diameter or other anatomical
measuremens that define stenosis.He appearance of a narrow canal with reduced CSF space arourtdetted
sacin a symptomatic patientonfirms the diagnosis more reliabyMRI is the best modality diagnose LS&s it
not only demonstrates thesize of the spinal canal but can also confirm thain culpritof the stenosis such as

infolding of the ligaments, facet joint hypertrophy and whether there is concurrent neuroforaminal narréwing.

In addition to the above LSS can foether subdivided into central canal stenosis and lateral recess stenosis. The
lateral recess is defined as the area of the spinal canal between the medial point of the facet up to the
neuroforamen where the exiting nerve root is normally located. Theesty of LSS has also been described to be
mild if less than a third of the calibre of the spinal canal is reduced, moderate if less than two thirds but more than

one third of the area is affected and severe if more than-thiods of the spinal canal aagis reduced.

Lumbar Spine Anatomy

In the lumbar spinal canathe spinal cord terminates at the upper border of the L2 vertebra as the conus
medullaris continuing down as the cauda equina. The nerve roots of the cauda equina are enclosed in the thecal
sacandat each level the corresponding nerve roots branch out and traverse the intervertebral neurofordrhen.

averageanterior posteriordiameter of the normal lumbar canal ranges from 15mm to 27¥nfhis varies with
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posture. The diameter is wider the flexed position and narrower in the extended positioFhis is an important

physiological feature as patients tend to get a relief of their symptoms when they bend forward.

Inferior articular process

Capsule of zygapophyseal joint
(partially opened)

Anterior
longitudinal ligament

Superior articular process

Transverse process
Lumbar vertebral body

Spinous process

Ligamentum flavum
Intervertebral disc

Interspinous ligament

Anterior / ; . \ " T~~~ Supraspinous ligament
longitudinal ligament = N

Intervertebral foramen

Posterior
longitudinal ligament

Figure 1- Anatomy of the lumbar spine and spinal ligaments. Netter 20@fe R58

The vertebral bodies of the spine articulate with each other through the facet jojRtg. 1)The facet joints
(zygapophyseal) are synovial joints in between the vertebral bodies that allow the articulating spine to move whilst
maintaining stability. The articulating surfaces involved are the inferior facet of the vertebra above and the
superior faet of the lower vertebra. There are two facet joints, right and left, at each spinal leila. any other
synoviallined joint there is a fibrous capsule enclosing synovial fluid and the articulating surfaces are lined by
cartilage. In the lumbar spinghese joints carry a greater axial load than in the rest of the spine making these
motion segments more at risk of degeneratiofihe orientation of the facet joints in the lumbar spine is oblique.

In the sagittal plane the joint line produces an averaggle of 170 degrees and in the horizontal plénenges

from 25 degrees at L2 to 50 degrees at L5. This contributes to the curvature in the lumbar spine known as lordosis.
(Fig.2) v
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Measurements Illustrations Measurement definitions
Left Right
M21: LSTFA M22: RSTFA Superior transverse facet angles: The

angles, in the transverse plane, between the
lines of the superior facets widths and

superior vertebral body length

Inferior transverse facet angles: The

angles, in the transverse plane, between the

lines of the inferior articular facets widths

and inferior vertebral body length

Superior longitudinal facets angles: The
superior angles, in the sagittal plane,
between the lines of the superior facets

lengths and posterior vertebral body height

M27: LILFA Inferior longitudinal facets angles: The
superior angles, in the sagittal plane,
between the lines of the inferior facets

lengths and posterior vertebral body height

Figure 2 lllustration of superior and inferior facet angledlire transverse and sagittal plands.om Masharawi et al.

The intervertebral fibrocartilaginous discs are located between each vertebral body. The intervertebral discs are
very important in spine mobility and flexibility. They act as shock absorbeirsgdoad transmission and facilitate
flexion, extension and rotation of the human spine. They are cartilaginous structures composed of a tough outer
annulus fibrosus and soft inner nucleus pulposus. The latter is composed of type Il collagen and lestic fi
embedded in a soft hydrated matrix of proteoglycans (a type of glycosaminoglycan) whereas the annulus is
composed of mainly collagen type Il fibres organised in concentric circles formi2@ [anellae. The disc lies in

between the cartilaginous englates of the vertebral bodies above and below. The young healthy disc receives
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very little blood supply and only receives some innervation to the outer annulus. Both within the nucleus and the
annulus there are interspersed cells which are chondrodiigee in the nucleus and more fibroblakke in the
annulus. These cells are responsible for secreting collagen type Il fibres and the proteoglycans that make up the
extracellular matrix. The main glycosaminegly in the nucleus pulposus iggxecan whichsi very hydrophilic

and acts as an osmotic agent by drawing water in and is what maintains the healthy disc hydrated. There is a
constant breakdown and synthesis of these proteoglycans, forming a dynamic extracellular matrix.
Metalloproteinase enzymes syrahised by the cells in the nucleus pulposus is what breaks down these matrix

macromolecules. The balance of breakdown and synthesis is what maintains the disc's ir(feigtiy.

Lig. supraspinale

Processus articularis
inferior vertebrae " 5 -
lumbalis 11 Capsula articularis
Processus articularis superior

veriebrae lumbalis Anticulatio zygapophysealis
: 2 (noxprar)

Lig. longitudinale
posterius

Anulus fibrosus
Nucleus pulposus

Lig. longitudinale anterius

B

Figure 3 Cross section through a lumbar intervertebral diskisfological sectiomg NP nucleus pulposus, TAransitional
zone, AFK, annulus fibrosus. B schematic diagram

The vertebral column is reinforced with ligaments that help support the spine and which act like a natural brace.
These include the antericaind posterior longitudinal ligaments, ligamentum flavum, the interspinous ligaments

and the supraspinous ligament.

The anterior and posterior longitudinal ligaments, respectively, run anterior and posterior to the vertebral bodies
throughout the entire lagth of the spine. These ligaments appear to be long continuous bands but in effect they
have an attachment to each vertebral body. Their role is to prevent forward or backward movement of one

vertebral body on top of another. They also restrict excessiovement such as hypextension or hypeflexion.

Ligamentum flavum is another reinforcing structure which runs inside the spinal canal posterior to the spinal cord
and thecal sac and anterior to the spinous process. Itis composed of yellow elastic tissue and extends out laterally
to the root of the aficular processes and the ligaments on both sides which also meet at the midline. This ligament

is broadest in the lumbar spine and plays an important role in the pathophysiology of LSS (see below).
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The interspinous ligaments run from one spinous prodesanother. They extend from the root to the apex of

each process and are well developed in the lumbar spine but only slightly developed in the cervical spine.

The supraspinous ligament connects the apices of adjacent spinous processes. It runs feewethid cervical
vertebra down to the sacrum and is continuous with the interspinous ligament in between the spinous processes.

It is a strong fibrous cord that acts as a tension band and is very important in spinal stghditl)

Biomechanics of thé.umbar spine
The effects of the forces imparted on the lumbar spine depend significantly on the individual geometry such as

height and stature and lordotic curvature. There is also variability between different spine levels depending on the
alignment of he facets, discal height and vertebral body dimensions. L4/5 and L5/S1 aspiti@levels most
commonly affected by degenerative disease commonly referred to as ‘wear and tear' and they are also the levels
experiencing higher compressive forces as folmydvarious cadaver and spine modélsin addition to this,
posture has been shown tmfluence the biomechanics of the lumbar spine. Forward flexis related to an
increase in the diameter of the spinal canal, it also caused increased strain on lak Ig@Ements. Extension on

the other hand reduces the calibre of the spinal canal and causes increased pressure on the facet joints which

resist horizontal movement dhe vertebral bodieg'

Pathophysiology of Degenerative Lumbar Spinal Stenosis

As part of the normal ageing process the spine is affected by degenerative changes. These acquired changes can
become pathological and alter the structure of the spine. Common changes seen in the elderly spine include
ligament hypertrophy, disc degenerati and herniation and facet joint arthritis. With wear and tear the
supporting spinal ligaments become hypertrophied. As tissues become less elastic with ageing, ligamentum flavum
especially, starts to buckle and becomes thicker. The intervertebral desmsme dehydrated and lose height.
Annular tears acquired over time cause bulging of the nucleus pulposus and protrusion into the spinal canal. This
resultant loss of intervertebral height, causes infolding of the ligaments further exacerbating the ogoindhe

canal. The synovial facet joints commonly form osteophytes as part of a reactive osteoarthritic process and the
articular facets enlarge and hypertrophy. All the above changes cause the spinal canal in the lumbar spine to lose
calibre and as a mallt compete for space with the traversing neural structures. As the thecal sac containing the
spinal nerve roots becomes enclosed in an increasingly narrow canal there is resultant compression of these nerve
roots. This neural compression results in thanptoms of neurogenic claudication. Often nerve compression

causes swelling and inflammation of the affected nerve further exacerbating the problem.

Another contributing factor to canal narrowing is spondylolisthesis. This is acquired slippage eftebeal body
on top of another. It can occur with various degrees of severity and is also caused by degenerative changes in the

spine.
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As mentioned above, the diameter of the lumbar spinal canal changes with posture. During extension of the
lumbar spire the spinal canal has a smaller calibre than when the lumbar spine is in the flexed position. Due to
this fact, the symptoms of neurogenic claudication classically vary with posture and activity. Often the symptoms

improve when the spine is in a flexedgition such as when the patient bends forward or when sitting.

The Ageing Process in the Spine

With advancingge,the following degenerative changese seen to occur in the spine
Ligamentum flavum thickening,

Intervertebral disc degeneration,

Facetjoint hypertrophy,

Reduced bone density,

Reduced vertebral body height,

Reduced intervertebral disc height,

Osteophyte formation.

Out of these changes, the first three are the commonest findings in LSS as thageshalone or in conjunction

with each other, lead to a reduction in the calibre of the spinal canal.

Ligamentum flavum thickening

This is noticed on most MRI scans in elderly patients. It is also noticed during surgery encroaching not only into the
spinal canal but alsout laterallyinto the neuroforaminaLigamentum flavum thickening is a major contributing
factor of LSS What causes this ligament foecome thickened with age, whether it is hypertrophy or buckling,

remains a matter of debatex

It is well recognised that ligamenturilavum thickening increases with age. Park et al demonstrated en T1
weighted MR, that the average thickness of the ligamentum flavum in the lumbar spinal canal of normal subjects
with a mean age of 35 is 2.4mm whereas in LSS patients with a mean 6@ettoé average thickness is 4.44nm.

Due to the fact that ligamentum flavum occupies a significant area opdisterior and posterdateral wallof the

spinal canal, an increased thickness of this ligament will result in a significant reduction ofume\af the spinal

canal.

The ligament of young subjects is composed mostly of elastic famdsonly a few collagen fibre®Vith age,a
degenerative cascade of events has been observed to @ralithis ratio of elastin and collagen fibriesreversed

Several studies have reported pathological findings observed on histological sections of ligamentum flavum in
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patients with LSS obtained either from lumbar surgery or post mortéiixv*> Common findings in thickened

ligaments were alcification, reduceelastin filre to collagen ratio and fibrosis.

Variousmediators have been postulated by several authors to be involvechénpathogenesis of ligamentum
flavum thickening.Increased mRNA expression faarsforming growth factebeta 1 (TGibetal) GAPDH,
lysophosphatidic acid and connective tissue growth factor has been observed on histological staining and
immunohistochemistryyxvixvii Theseare hypothesised to be prfibrotic factors that have a role in the fibrosis

observed in thickened ligaments.

The los of elastic fibres is thought to cause the ligamentum flavum to buckle and some athhkeshat this is
what aggravates the reduction in spinal canal volume, rather thiampk hypertrophy of the ligament* Buckling
of the ligament is a common finding on MRI scans of LSS patients. This also happens in part due to loss of

intervertebral disc height which is also a common finding in the degenerative spine.
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Figure4 - The change in thickne®f liganentum flavum with age at each spinal level in the lumbar spine. From Sairyoet al.

What stimulates or sets off this degenerative procésat leads to ligarantum flavum thickening haalso been
investigated Otherconditions are also associated with ligamentum thickennwdudingdisc degeneration andisc
herniation®and high BMI. Thisieans that it is not just aging and the passage of time that cauB@itnechanical
factors such as increased load and strairligamentum flavum can act as triggers to the fibrotic changes that lead
to loss of elasticity andhickening. The ligamentum flavum at the lumbar spine is subject to maehanical

stresses than at any other leveThickening of ligamentum flavuia seen to increase caudally wikveralstudies
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has also been seen to be associated with increased thickening of ligamentum flavum adelggiseration is also
commonest at L4/5. This is in keeping with the increased mechanical stress experienced at thi§hievel.

clustering effect of these changes is likely to explain why LSS occurrateecsmmonest at L4/5 level.

Intervertebral DisdDegeneration

With age the soft nucleus pulposus becomes less hydratednaome fibrous resulting in a reduction in the disc
height. This contributesot the sagging seen in the elderly spin@his dehydration has been found to occur
because ofoss of theproteoglycanghat fragment andeach out of the disc. The blood supply of the disc increases
and the organisation of the dagen fibres within the annulus becomes disrupted @&ntbst over timeLike in the
ligamentum flavum, an inflammatory cascadeesknts is seen to occur that leads eventually to structural failure

of the disc*v

Loss of disc height impacts on other structures within the spine especially the facet jdiet©iomechanics are
altered resulting in increased strain on the joints everphysiological loadslt is well recognised that certain
environmental factors and occupational hazards can accelerate the naturally occurring disc degeneration that
occurs with ageFactors that cause inflammatory reactions such as smoking, microtrdirmoagh heavy lifting

and infection increase the risk of disc degeneration through activation of the degenerative cascade mentioned
above.A hereditary influence has also been observed in twin stuiid3egenerative disc disease is a major cause

of low bak pain.This is often referred to as discogenic pain and occurs when the symptoms of back pain arise in
the absence of disc herniatiort is postulated that the inflammation within the degenerating disc acts as a
nociceptive stimulus which causes painahgh the sensory nerves that supply the didowever,it has also been
shown that as well as neovascularisation, degenerative discs also exhibit new innervation. This increase in nerve
density makes the disc more sensitive to pain.addition, degeneraive discs also cause paimrough herniation

and compression of adjacent nerve roots leading to radiculopathy.

The intradiscal pressure in a healthy disc during physiological loads (approximately 700N during sitting) is highest
in the nucleus pulposus dnin the inner and middle annulus. Degenerative discs have a smaller nucleus and a
wider annulus, as a result, there is higher stress on the posterior annulus especially due to the loss of hydrostatic
pressure that imparts resistance to compressive logdDegenerating discs are a major contributor to the
pathophysiology of LSS in several wadysstly,bulging or herniating disc occupy space within the canal. Also, loss

of disc height contributes to sagging of the spinal column that contributes to buckling of the ligamentum flavum
and the additional strain caused on the facet joints leads to hypertraphthese joints over time. All of this
resulting in stenosis of the spinal canal. Disc degeneration and age are intimately related but degenerative discs

canalsobe found in young cadaveric spinesplying that other factors are in play
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Facet Joint Hygrtrophy

Osteoarthritisaffects the lumbar facet jointgust like any other synovial joinT he characteristics of facet joint
osteoarthritis include joih space narrowing, osteophyte formatiprarticular process hypertrophy, sclerosis,
subarticular erosion, subchondral cysts and vacuum phenomeffdnEnlargement of the joints through
degeneration and/or osteoarthritis leads to spinal canal narrowimguding thelateral recesss Facet joint
osteoarthritis and degenerative disc disease esenmonly faind together This is because the paired facet joints
and the intervertebral disc at each spinal level fowhat is known as théunctional motion segment. Therefore
unsurprisinglythese structuresare affected by similar mechanical factois.relationslip has also been observed
between ligamentum thickening and facet joiatientation in the sagittal plaa®Vii Heavy physical activity has

been linked to accelerated degeneration of the facet jaits well aincreased BMI and advancing agj.

In the lumbarspine, the facet joints occupy a small surface area compared tosike of thevertebral body end
plate than they do in the cervical spindn cadaveristudies,it has been estimated that at each spinal level these
joints shareon average33% of the load, the rest being carried by the intervertebral disc. In the extepdsition,

the applied compressivéorce on the discs is more than it is in neutral or the flexed positWith loss of disc

height and narrowing of the intervertebral space, the pressure exerted on the facet joints is incréased.

Histologically, the appearances of a similar degenerative cascade as sdbe intervertebral discs ah
ligamentum flavum isalso observed in the facet jointsvhich includesfibrosis, increased vascularisation and
presence of inflammatory cells. bhe early stages cartilage defects are seen in the joints especially at the
periphery of the articular surfaces. Degenerative changetheé cartilage, such as fibrillation and flaking, can be
seen even at a young ag€artilage degeneration has also been noted to occur most severely at the L4/5 facet
joints just like disc degeneration and ligamentum flavum thickerfitigsttempts athealing these defects results in
fibrosis. Inaddition, attempts at bone remodelling occur which lead to osteophyte formation. Thierisidereda

sign of advanced joint degeneration.

Symptomatically, an arthritic facet joint can cause focal back paitdunnervation of the joint capsule from
branches of the dorsal rami of the spinal nervegpically this pain is located around the back and radiates down

to the buttock but rarely goes below the knee. Radicular pain from nerve root involvement, hgweare also
occur in facet joint osteoarthritis. Increase in the size of the articular facets from hypertrophy and/or from joint
swelling due to synovial inflammation, reduces the size not only of the central canal itself but also of the
neuroforamen and &n cause irritation and increased sensitivity of the traversing nerve fdais,symptoms of

LSS can also arise from nerve root compression at the lateral recess and not just from thecal sac compression.

19



Epidemiology of umbar Spinal Stenosis
Lumbar spinal stenosis is especially common after the sixth decade sihlifethe condition is an accumulation of

degenerative and ageelated changes.

The epidemiological evidence of LSS relies only on a few studies and therefore only rough estanmabes
calculated. (@ble 1) One of the main difficulties in having an accurate calculation is that there is no agreed definite
cut off size of canal diameter which defines LSS. The consensus definition of LSS is the presence of symptoms with
radiologicalevidence of degenerative changes and reduced spine canal calibre. This is a subjective definition since
the symptoms of LSS are heterogenous and patients often undergo surgical intervention which can skew
epidemiological surveys that screen for symptoffize following are the main studies who address epidemiology

of LSS and low back pain.

Johnsson 1995, reported thaté annual incidencef spinal stenosis observed in Sweden was approximately 5 per
100,000 inhabitants (459 per million). LSS was defined a canal of 11 mm or less among patients referred to

two major Swedislorthopaedicdepartmentsei

The results of a crossectional study published in 2009, showed that the prevalence of degenerativeayitial
stenosis was 30% in the general Americanyagpon (Framingham study*i The same study also showed that
radiographic stenosis was also common in asymptomatic individuals and absolute stenosis (sagittal diameter of
<10 mm) had a threefold higher risk of associated back pain. Data extracted froRrahengham study showed

that the prevalence of patients with LSS symptoms in the North American population is estimated to be 250,000
500,000.

In the National Low Back Pain stydige diagnosis of LSS was made in 14.0% of patients who were reported to
hawe back pain®¥This was an American multicentre trial reporting the findings of a large heterogenous group of

patients referred to Neurosurgeons and Orthopaedic surgeons.

The Wakayama Spine study is a populatiased cohort study which included 938 Japsmearticipants (308 men

and 630 women, mean age 67.3 years) that were selected from the Research on Osteoarthritis/Osteoporosis
Against Disability (ROAD) study. It is a cross sectional study where volunteers from the ROAD prospective database
underwent wlole spine MRI studies. In this study 30.4% of the participants were found to have severe central
canal stenosis and out of these 17.5% were symptomatic. One third of the participants were found to have severe
central canal stenosis of at least one leweith the commonest level being L4/5 and the prevalence of stenosis

was found to incease with age (93% in age >8@) significant association of severe radiographic stenosis and

presence of symptoms was demonstrated in this study.
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Study Country SampleSize Outcome
Johnsson 1998x Sweden 163 (mean age 67 years) Incidence of
50/year/million inhabitants
Long et al 1996 us 2,374(mean age 45.3 year: 14% of patients with low

back pain diagnosed with
Low back pain study

LSS
Kalichman et al 2009 us 191 (mean age 52.6 years 30% had radiographic
Framingham study stenosis
Ishimoto et al 2018V Japan 938 (mean age 67.3 years  30.4% had radiographic
Wakayama study stenosis of which 17.5%
symptomatic

Tablel - Summary of Epidemiological studies bfS

The likelihood of LSS increasing with age has also been found in a study by St éatlents younger than 60

were found to be much less likely to have symptomatic LSS than patients over the age of 70 (LR 0.4 vs 2.0).

There has been a dramatise in the incidence of LSS mostly due to the ageing population but also due to the ease
of access to radiological investigatiofhd is estimated that around 47% of patients older than 70 presenting to

primary care with symptoms of pain or numbnesshe teg have LS%.

In the UK, there is sparse epidemiological data regarding timeidence and prevalence of L¥SMost
epidemiological studies carried out are population surveys focusing on the prevalence of low back pain amongst
people in the work forcediixiv |n one study which formed part ohé North Staffordshire Osteoarthritis Project, a
postal survey was sent to 11,230 adults aged over 50 who were selected from three general practice registers. Out
of the 7,878 respondents of the salbmpleted questionnaires, 56% were female and the average was 66.3

years. The prevalence of low back pain by age group was 35.9%-%@r ysfars, 35.1% for years, 29.9% for

70-79 years and 27.3% for 80+. This shows an apparent decline in low back pain with increasing age, however the
proportion of low back pain interfering with daily activities was 60.2% for590years, 67.2% for 689 years,

69.0% for 7679 years and 78.2% for 80+. This decrease in prevalence of low back pain with increasing age is
surprising given that low back pain is often assedawith degenerative changes which worsen with ageasons

for this could include increased pain tolerance with time or quiescence of the inflammatory changes as they

become chronicAs expected though, symptom interference withadjty of lifedid increasewith increasing age.
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Symptoms and Physical Examination
Many of the degenerative changes of the spine are asymptométmwyever, with time, as these changes

accumulate patients often start to develop corresponding symptoms.

The symptoms of LSS afeeterogenous but can be broadly divided into two main domains: Pain and
Neuroischaemic domains, however high variability in the symptoms exists. In addition, the symptoms of LSS

typically also have prowative and palliative feature$.
Pain

Back pain- can be nociceptive and/or neuropathic in nature. This is generally thought to arise from spinal
structures other than the nerve roots. Inflammation of the facet jdiom arthritis is a main contributor and this is

often exacerbated by movement such as Hamy forward or backwards. Facet joint pain can radiate down to the
buttocks and thighs, however rarely goes beyond the knees. Discogenic pain is also a major contributor of back
pain. This islsoseen in young adults with herniated discs and gives dsietp seated back pain. The presence of

back pain is not necessary to make the diagnosis of symptomatic LSS and is not considered as a classic LSS
symptom. Symptoms of back paare difficult to treat in LSSThis is because they are caused itrgversible
degenerative changes and are usually multilevel and bilateral. Back pain by itself is rarely an indication for surgery

unless a anatomically identifiable cause (e.g. tumour) is seen on imaging.

Radicular pain arising from nerve root compssion.Thistype of pain adopts a dermatomal distribution andn

be unilateral or bilagral and is often asymmetricdPain from lower lumbar pathology tends to be below the knee

(L4, L5 and S1 dermatomes) and frapper lumbar pathologyhe distributionis in the anterior thigh(L2 and L3
dermatomes) Surgery for radicular pain is often more successful than back pain. This is because root compression

can be reersedby surgicabony decompression.

Neuroischaemic symptoms

The classisymptomof LSSs buttock orleg pain that comes on with walking and improves wighkt andbending
forward. Exertion worsens LSS symptoms and this is thought to be due to the inability to increase blood flow
appropriately during exercise caused by the physical compressidhe thecal sac. Neuromuscular symptoms
including leg weakness, numbness and baladisturbance are thought to be due to loss of proprioception
resulting from nerve root compressiot Stucki et al foundhese symptoms to be highly prevalent in themirsal
stenosis population of 193 patients. Two thirds report problems with balance, 77% reported numbness or tingling

and 84% reported weakness.

The symptoms of LSS result in functional deficits espedmiiynbulation.Walking distance is often reduced in

patients with spinal stenosis. This is thought to be due to the extended position of the spine during the upright
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posture that reduces the calibre of the spinal canal. Limitation in walking has a major impact on ofuiktand
independence. The distance that can be achieved before symptoms start to occur tends to reduce ov&héme.
absence of symptoms when seated and improvement when bending forward were found to be associated with the

increased likelihood of hing LSS in an elderly patiet.

Physical findings are uncommon. On examination patients may demonstrate an antalgic gait and have a reduced
range of movement in forward flexion of the lumbar spine as well as extenstun.is often due to facet joint
arthritis. Nerve root tension sign on straight leg raising may be present. Specific neurological deficits sgsh as |

of vibration sense and piprick sensation may also be fouadd may be in more than one dermatom@bjective

weakness is not uncommonlygsent (29%)ii as well as dpressedpatellar and ankle jerkeflexes

The sensitivity of physical findings for the diagnosis of LSS is not high. A wide based gait and the provocation of
anterior thigh pain with extension of the lumbar spine were found ¢oifidependently associated with a diagnosis

of LSS*xHowever these signs are napecific.

Differential Diagnosis
Similar symptoms can be caused by the following conditions:

Vascular claudication peripheral vascular disease can lead to ischaemia of the lower limbs. The sufferer may be

pain free at rest however on exertion the increased oxygen demand of the lower limb muscles cannot be met by
the reduced arterial circulation. Asrasult, the patient gets calf pain when walking a short distgrsimiilar to the
symptoms of LSS. Classically the difference between this type of claudicant leg pain and that of LSS is that the
patient® symptoms are resolved simply by stopping whereas in spiaatiication the patient also needs to sit

down or bend forward for alleviation of the symptoms. History, examination and investigations can help
differentiate between LSS and vascular deficiency however it is possible that both can exist concurrettidy. In
history one must look out for vascular risk factors including smoking, diabetes and hypercholesterolaemia. The
patient with identified peripheral vascular disease may have already been started on Aspirin and statin medication.
On examination,it is important to confirm the presence of pedal pulses. If absent this should prompt further
investigation. Tests to check the status of the peripheral circulation include-arddhial pressure indeQyoppler

ultrasound and digital subtraction angiography.

Peipheral neuropathy¢ Pathology affecting the peripheral nervous system can be caused by several conditions

including Diabetes, Vitamin B12 deficiency, excessive alcohol consumption, drug induced such as
chemotherapeutic agents or idiopathic. The symptoofis peripheral neuropathy depend on whether just one

nerve is affected (mononeuropathy) or multiple (polyneuropathy). The symptoms also depend on whether both
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motor and sensory nerves are affected.daneral,however the symptoms in the lower limbs aire a stocking
distribution unlike tlose of LSS which tend to bermatomal. Patient with peripheral neuropathy are more likely

to have symptoms starting with their feet and may also, depending on the cause, have symptoms in their hands.
Apart from historyand examination the two conditions can be differentiated with electrophysiological tests

including electromyography and nerve conduction studies.
Other Differential Diagnosis

Rheumatoid arthritiscan also haveimilar symptoms to LSS suchséiffness andeduced mobility This isan auto
immune, chronic inflammatory disease of synovial joints which most commonly affects theangs@halyngeal
joints and cervical spinbut any synovial joint can be involved including the facet joints of timbhar spine
Rheumatoid arthritis causedeformity of the affected joints but is also often associated wdthwhole range of
constitutional symptoms anextra articular disease that helps distinguish it from LSS sudievas malaise,

cutaneous, pulmonargnd cardiac involvement.

Infective causes such as discitisspinalosteomyelitis can result in severe low back pain which may also radiate to
the lower limbs. Often these result in MRI changes that are identifiable, however chronic insidious procagses m
be elusive. Infection affects the spine most commonly via haematogenous spread, therefore a hisiorgrog

abuse orsepsis from other causesich as UTIshould be sought in the history. latrogenic causes such as spine
surgery or injections can alsesult in infection through direct inoculation. In certain endemic areas, Tuberculosis

should also be kept in mind.

Adult spinal deformity such as scoliosis can lead to similar symptoms of LSS. Scoliosis is an abnormal curvature of
the spine in the coronaplane that often leads to back pain. Scoliosis can be congenital or adult onset. The
acquired type has overlapping pathophysiology with LSS in that it is caused by degenerative changes of the spine.
Imaging helps to distinguish this from LSS. The twalitions can overlap however and the presence of scoliosis

needs to be addressed when deciding on the management of LSS.

Other pain syndromes such as musculoskeletgakpainalso referred to as mechanical low back pain is thought to
arisedue to grain of paraspinal musclesnd can ceexist with LSSThisis often diagnosed by exclusion of other

causes.

Psychosocial issues may influence the symptomatology of LSS. Employment status, mental health, substance

misuse and access to disability allowaea all be factors which play a role in the reporting of symptoms.

Natural History
Predicting the course of LSS has uncertaifithis is mainly becausemost patients receivesome form of

intervention to their spine and therefore the natural progressiithe conditionis not well known. The main
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data regarding the natural history of LSS comes fromSBRORT ial. Although this was a randomised control trial,
the investigators also included an observational cohort who chose their own treatment.dini2®6 patients with
LSS were managetn-operatively Out of these, 32% rated themselves as very or somewhat satisfied with their

symptoms at 4 yeard.

The British Association of Spine Surgeons gives a rough estimate that one in five patients imgtotisewthree

out of five will remain with the same symptoms whilst the remaining one fifth will progress. The North American
Spine Society's guidelines on degenerative LSS were unable to issue recommendations based on the evidence in
the literature. In heir consensus statement published in 2011 they estimate a favourable outcome58%3®f

patients with symptomatic LSS who have minimal intervention.

As LSS is caused by degenerative changes, which tend to progress with the passage of time, itkislyrtbs i
symptoms of neurological compression will continue to deteriord#®wever, since general mobility is also
reduced with increasing agehe symptoms of neurogenic claudication may become less apparent giving the
impression that there was a platasor even an improvement in the symptoms. After surgical intervention to a

single level, adjacent segments could also become stenotic leading to the patient developing symptoms again.

Management of Lumbar Spinal Stenosis

The goal of management of LSSh@& to make the spinal canal wider but it is to alleviate the symptoms and
improve the sufferer's quality of life. This is a challenging problem as, as described above, LSS is caused by several
changes to the lumbar spine. There are several approacheddmess the management of LSS and they can be

broadly divided into operative and newperative measures as described below.

Conservative Management (neaperative)

Conservative management refers to any treatment modality that can help alleviate the symmbmsginal
stenosis which does not involve surgery. Such management strategies do not directly reverse the narrowing of the
spinal canal and do not alter the natural history of tiseasehowever,they can provide relief of symptoms and

thus also have ammpact on the patient's quality of life. Conservative management includes pharmacological
therapy that can be administered as parenteral drugs or injected directly in the epidural space. Drugs include non
steroidal antiinflammatory drugs (NSAIDs), opiateantidepressants, muscle relaxants and anticonvulsants: Non
pharmacological therapy which mainly involves physical therapy such as physiotherapy, osteopathy and

chiropractic are also offered for symptomatic relief. Often a combination of these optimftered.

There is no standard definition for conservative treatment and different modalities are applied by different
practitioners. This makes comparative studies very diffiduiere is little evidence in the literature to support any
particular medtal treatment.'i A Cochrane review found that epidural injectioasd physical therapy were

supported by fewlow-quality studies. Despite this;onservative (nowperative) treatment is regarded as the first
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line option offered to patients who are diagnosed with LSS. NSAIDs are the commonest group of drugs prescribed.
Steroid injections in the epidural space or around the facet joints are also commonly offered prior to considering
surgery. However, the literate reports that only a minority of LSS patients who are prescribed epidural steroid

injections experience an improvement in symptoms that is enough to avoid suliery.

The advantages of these naperative options are that they are less invasive and atglele. They also have a
degree of placebo effect that is not insignificdntPatients with LSS are often advised to persevere with
multimodal nonoperative treatment. This is especially the case when patients are not considered as appropriate

surgical cadidates or post operatively when symptoms persist despite surgery.

A multidisciplinary approach to pain management has been advocated as the best way to control symptems non
operativelyr. In the UK, it is common practice to askipatients to consultvith a pain clinic where conservative
management is explored by physicians who specialise in pain management and often undergo a trial of analgesia

and injections prior to resorting to surgery.

Pharmacological Therapy

The role of drugs in LSS is mainhadiiress pain relief. However, controlling the symptoms of pain can also lead to
improved mobility and function and reduced stress and anxiety. As mentioned earlier, LSS is a mixed pain
syndrome which can include both nociceptive and neuropathic mecharoémain. The choice of analgesic drugs
prescribed should therefore address the main type of pain that the patient describes and for this reason multiple

agents with different mechanisms of action may be required.

NSAIDs are commonly used to manage nqatice LSS symptoms and have been shown to be more effective than
paracetamol in controlling back pef. The analgesic effect of this group of drugs is thought to occur due to the
inhibition of prostaglandin synthesis by blocking the cymtggenase (COXheymes. NSAIDs also play a role in
postoperative pain management however their prolonged use is not recommended due to adverse effects

especially gastrointestinal siekffects.

Antidepressants are also frequently prescribed to address the neuropathiaoent of pain. Serotonin
norepinephrine reuptake inhibitors (SNRIs) such as Duloxetine have been used with effective reduction in VAS

scores of radiular painVi The analgesic effect of SNRIs is postulated to be separate nthdepressaneffect.

Since neuropathic pain is different to nociceptive paieymmodulating drugs such as Gabapentin and Pregabalin
are commonly prescribed to address the radicular symptoms of LSS which are neurogenic inGetbageentin is

an antiepileptic drug licencedif use in peripherathronic neuropathic pain A Cochrane review concludes that
this drug reduces neuropathic pafrom diabetic neuropathyin approximately 4 out of ten patients who use it

however more than half experience side effetisPregabalin alsthas moderate benefit in most patients and
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many will have no or trivial benefit. Neither of these drugs are suitable for use in acute pdine lack of
substantial effecof these drugs is not surprising givéhre presence of ongoing mechanical compressibnerve

roots from LSSHence why pharmacological therapy has a limited role in moderate to severe LSS.

Opioids have effects on both nociceptive and neuropathic pain pathways and are often prescribed when other
drugs have failed to control symptoms. Tradol is a duahction analgesic with weak opioidrgceptor affinity

and was shown to be better than placebo for shtam relief of chronic back ain* Stronger opioids such as
morphine and oxycodone have shown mixed results with several trials repantiogsistent results. This is likely

to be due to the high incidence of side effects including nausea, vomiting, constipation and somnolence associated
with chronic use. Markmaret al failed to demonstrate clinical efficacy in the usé two common opioid
(Oxymorphinehydrochloride and R poxyphene) in the management of neurogenic claudicattoim generallong

term use of opioids is avoided non-cancer pain.

Overall no class of drugs is clearly superior in obtaining pain relief of chronic low back pain and all are
recommended only for shoierm use. Duloxetine is the only drug wifome evidence osignificant effect
howeverone should note thathe trials hat recommend its use are industry fundadd therefore this could raise

the possibility of bias in the interpretation of the analysis

Nonsurgical pharmacological interventions

Epidural administration of drugs such as steroids and local anaesthetics is a widelyousmdgicalintervention

in LSS. Huge controversy exists on the effecdégenof epidural and facet joirmjections. In principal, the anti
inflammatory drug and/omanaesthetic agent are administered exactly at the site that is presumed to be the origin
of the nociceptive stimulus, thereby bypassing the gastrointestinal system and the first pass effect of the liver.
This, in theory, should causewer adverse eventand the therapeutic effect should be more prolonged given the
reduced systemic clearance. However, injections are an invasive procedure and the effects, eveedessful,

are short lived. They areoften carried outwith fluoroscopic or CT guidance émsure appropriate administration
especidly for interlaminar injections The indications for injections is often therapeutic but they are also
commonly used for diagnostic purposes as well to help identify the source of paare is a wide variabiitin the

way injections are administered. They can be given in different locations (facet joints, epidural space, nerve roots,
intervertebral discs, ligaments etc.), different pharmacological agents (corticosteroids, NSAIDs, anaesthetics or
combination) ad different time intervals. Due to this source of variation in practice it is challenging to compare
outcomes and analyse published datélt is also not uncommon for patients to report a variability in response to
injections when repeated over time. In the literature, several trials have reported no significant difference
between corticosteroid facet joint injections and placebo for theefebf back painiixv One study suggests that

the effect of perarticular corticosteroids can baccentuatedby combining it with lidocaine, however this only

results in short term pain relie® Injections cost on average £600 in the UK compareapfmroximately£6,000 for

27



invasive decompression surgery. Although the dsstignificantly lower and the risks of complications is far less
than surgery, injections remain disappointingly unreliable and thus cannot be recommended as an effective

treatment forLSS.

Non-pharmacological therapy

Many types of physical therapy exist includirggercise,physiotherapy, spine manipulation, massage therapy,
superficial heat application, acupuncture, yoga as well as a range of psycholagicaognitivebehavioural
therapy. Several studies have been conducted and although the benefit andftextiveness of each therapy is

guestionable, none seem to cause significant H&fm
Surgical Decompression

Laminectomy

LSS is the commongsdndication for spine surger#ii Laminectomyis regarded as the gold standard surgical
intervention for the treatment of LSS. It directly addresses the neurological compression by mechanically making
the spinal canal wider. This is done by removing the lamina of the vertebra at the istésatl thus creating more
space for the thecal sac and the nerve roots within it. There are many variations of a lumbar laminectomy and it is
mostly surgeon dependanin a standard laminectonthe spinous process, the ligamentum flavum and the lamina

on both sidesat the stenotic leveare removed. Often parts of the lamina of the vertebra above and below are also
removed with undercutting of the facet joints. It is generally accepted amongst spine surgeons that up to two
consecutive stenotic levels cdie operated onwithout concernon affecting stabilityii If more than two levels

are decompressedthis risks causing instability which can exacerbate back pain and/or cause accelerated
degeneration at the adjacent level3.o prevent this,instrumented fusion of the decompressed levels can be
carried out to prevent motion and thus instabilitrthrodesis via spinaligion is generally considered when two

or more levels are being decompressed or when there is the presence of spondylolisthesis of Grawlerd! an

the Meyerding classification.

Laminectomies on the lumbar spine have been carried out since the 1850'is operation provides access to
the contents of the spinal canal and therefore it's indications are variable including decompressionneiuthé
structures from hematomas or other collections such as pus and to treat spinal pathology such as tumours or

vascular malformations.

Operative Procedure

Under general anaesthetic, the patient is positioned prone in a kneeling position with knddspnflexed. It is
crucial to ensure that the abdomen is free and not compressed to avoid venous engorgement and allow adequate
ventilation. Equipment such as chest rolls or more commonly the Wilson supporting framenbrellamattress

are used(Fig.5)

28



Figure5 - Patient positioned prone on the Wilson supporting frame. Padding placed underneath pressure point, shoulders,
elbows, knees and ankles. Head supported with a face mask. Reproduced with permission from AO Foundation.

The appropriate level is confirmed withrXy guidance. A midline linear incision is made over the spinous process.
The length of the incision depends on the number of levels planned to be decompressed. The spinous processes
are exposed and the muscle isigped away on one side if a unilateral approach is being used, or on both sides if a
standard bilateral exposure is required. The lamina is then removed and the spinal canal is entered by removing
ligamentum flavum. The extent of the spinous process asi@y and laminectomy is surgeon dependent. Most
surgeons aim to preserve the facet joints however at times the patient's anatomy precludes this. If there are short
laminae or if the facet joints are prominent, adequate decompression may not be achieless$ anfacetectomy is

done. Undercutting of the facet joints is commonly carried out to enable decompression of the lateral recess. The
microscope is commonly used for magnification and illumination after the initial approach. The stipfmimr
extentand the lateral extent of the bony and soft tissue decompression are often determined with the appearance
of the thecal sac and the ease of passage of an instrument such as a McDonald periosteal elevator. Haemostasis is
ensured before closure and the dumaspected for any defects. A wound drain is often left in situ through a

separate skin stab wound.
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Figure6 - Schematic diagram showing a top view of the spine afteaadard laminectomy with removal ¢iie spinous process
and lamina bilaterally. FromBoukebir et &*

There are several approaches to decompress the spinal canal and the technique used is often a matter of surgeon's
preference and experience but also dependent on the severity and extent of the stenosis being addressed. The
classic standar open approach involves a bilateral muscle strip and removal oktitige posterior bony arch,
including thespinous processe$or a wide decompressiotfFig.6) In the last ten years however, there has been a
trend towards minimally invasive bilateral decompression with preservation of the spinous processes together
with the interspinous ligaments. Such microdecompression techniques via a unilateral approachoasaver

seem to be gaining popularity amongst spine surgeims muscle is stripped from one side omlgd the spinous
process is preserved but still performing a bilateral laminectonSgyeral advantagediave beenreported
including short operating thies andless muscle trauma resulting in a quicker postoperative recdé
Hemilaminectomy of two adjoining levels is sometimes carried out if duringptbeedure,it is felt that the
narrowing is mainly at the interlaminar levdlubular retractors areised in some centres to minimise further the

need for muscle dissectidrfi

Due to this variance in techniques, the operative time of a laminectamy.SSan range widelySeveral factors
influence the surgical time. These could be operator dependent ssclthe surgeon's experience or patient
dependent such as the number of levels being operated @m averageoperating times between 90 and 120

minutes havebeen reported by several triab&> Thelength of stay following surgery is around three days. In
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some centres laminectomies are carried out as day cases however tnlyidone in selected patientnd isnot

the normin the UK Both operating times and length of stay are significant direct costs of this procedure.

Complication Rte

A surgicatomplication can be defined as anyeew occurring as a result of aperative procedure that requires
an intervention.Lumbar laminectomy is an invasive procedure with risks of significant complicafibasaean
overall complication ratas difficult to estimate due to differences in reporting outcomdsowever from the
literature this figure can be calculated to be approxima®@¥g andranges from 1.7% tas high as 35%vikxvii|n

the SPORT trial (see below) the total complication matine LSS groupas 12%.

Some studies conclude thaté presence of conorbiditiesrather thansimplyincreasing age seems to be a more
important risk factor for both systemic and wound complicatio®&i A retrospective review of 471,215 patients
however,who underwentalumbar laminectomy without fusion, in the US, between 1993 and 2002 found hieat t
complication rate was highest in those aged over 85 and withpttesenceof three or moreco-morbidities "

With advancingage, the likelihood ofco-existingillnesses ineases and thereforét is difficult to quantify the
independent effect of both factors. Given that LSS patients tend to be older, the risk of complications is higher
than surgical decompressions for herniated intervertebral digsh&h tend to occur in p#ents under the age of

50.

Postoperative complications can be broadly classified according to the timing of their occurrence into early or

late:

Early complications

One of he most commoty reportedsurgical complicatiofollowing a decompressive laminectorisya dural tear.

The rate of dural tears has been reported to be as high am3%me studie&**xThe resultant CSF leak frcan
inadvertent durotomycan lead to an increasdength of staydelayed wound healing anidcreased risk of wound
infection. If recognised at the time of surgery a dural repair can be attempted. If presenting post operatively,
additional proceduressuch as lumbar drain insertioor re-operation for CSF leak repair maybe necessdnch

further exacerbate the morbidity and inefficiency in ctsti

Due to the removal of bone anskripping of muscleblood loss can be significadtiring a laminectomy The
estimated average blood loseported in the literature for a lumbar laminectomy 90-300mlsoxiiioxiv - An
average drop in haemoglobin of 17g/L from meerative levels haalsobeen reported?Despite thisthe need

for blood transfusion is uncommorBleeding howevermay persist after surgergnd apostoperative haematoma

has the potental to accumulate in the spinal canal and cause acute compression of the cauda equina requiring
emergency evacuationln a large retrospective review by Gordon et dhetincidence ofpostoperative
haematanas was reportedio be 5.2% (24,486 out of 471,215}V

31



Surgical siteInfections can range from superficial wound infections to extensive epidural absapds
osteomyelitis requiring redo surgery for washouts and long term antibiotid&he estimated average overall
infection rate is 5% with the risks being higher in the presence of a CSkrdglost-operative haematomas
Administration of prophylactic antibiotics at induction is standard practice in most centreshanapplication of
intra-wound vancomycin powel is becoming widespread and has beassociated with lowering the odds of
infections™ii - Staphylococcus aureusand Staphylococcus epidermidigre the commonest offending
microorganisms but resistant strains aemerging Infection impedes wound healing and leatb scarringand can
worsen pain symptoms thus interfering with clinical outcomislsoincreases hospital length of stay and direct

medical costs of antibiotics.

Late Complications

Lumbar instability post laminectomy is a surgical complication dlcaurs afterseveralmonths oryears andcan

lead to failure of the decompressed motion segment. Spinal instability can be symptaraasing back pain
which isworse on movement. It igliagnosed radiologically asorsening spondylolisthesis(slippage of one
vertebra on top of another) or subluxation on dynamica¥s (lateral radiographs taken in flexion and extension
positions).*iiDepending on the severity, arthrodesis of that segment may be indicated for symptom control but
also to prevenneurological compromise. Predictors of instability after decompressive surgery inclugkiptimg
spondylolisthesis severe facet joint degeneration and disc degeneration as well as reduced bone dgfisity.

Sparing the facet joints during a laminectoimgeemed important to prevent instability.

Chronic back pain following spine surgery, otherwise known as failed &agjery syndrome (FBSS)s an
increasinglyrecogniseccomplication The condition is defined as back pain that persists despite adequate surgery
when other complications such as infections have been ruled out. Although several mechkiding to FBSS
have been postulated such as epidural fibrosis and adhesive aradtiitis, often no specificcorrectablereasons

are found.Due to thenon-specificaetiology, predictors of FBSS amknown however some authors found that
pre-existing depression or seeking work allowance may be risk factéreatments vary from pharmafogical

therapiesto repeat surgery to implantation of spinal cord stimulat#ts.

Other complications

Procedures carried out in the prone position carry additional risks. There is increased thoracic compression in this
position which affects cardio respiratory physiology. There is oftdnog in blood pressure due to the resulting
decreased central venaureturn. There is also reduced lung compliance due to increased peek pressures and
increased intraabdominal pressure. These effects can be reduced with supportive padding that allow the thorax
and abdomen to hang free. Perioperative visual loss dusdaaemic optic heuropathy resulting from increased

intra ocular pressure has been reported but is an uncommon occurrence (0-Q¥3%f cases).
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The morbidity associated with surgery can be more debilitating than the presenting symptoms. The occurrence of
any complication increases costs and may lead to an increase length pitdicstay and delayed recovery
Furthermore, it could negatively affect long term outcome. It has been estimated thahe US postoperative

complications can increase the cost of remcological spine surgery lag much a$121,366%

Outcomes and Cost Effectiveness of Laminectomy

Failure of symptom improvementis not a complication per se however it is an undesirable outcome for any
invasive procedure and unftunately it is not an uncommon occurrengespine surgery The success rate after a
lumbar laminectomy for LSS is quoted to be around 70% ifitdraturexi. Thisdata comes from two main trials
comparing surgical decompression versus conservative genant. The Maine Lumbar Spistudy andThe

Spine PatienOutcomes Research Trial (SPORT).

The MaineLumbar Spinet8dy was a prospective observational cohort study which initially enrolled 148 patients.
Out of this group 81 underwent surgery and initially 67 patients received conservative treatRegrient rated
outcome questionnaires showed thdid surgicalgrouphad agreater improved outcome after one yeaompared

to the non-surgicalgroup even though the LSS on imaging was more s€8&fé surgical vs 28fn-surgica).ci

The authors thempublished the outcome after four years follow up. From the original cohorata was available

in 67 operated patientand 52 patients who were managebn-surgically Seventy percent of the surgical group
reported an improvement in their main symptom after four yeéevent rate of 0.68rompared to 52% in the
conservatively marged group(event rate of 0.51)This gives a numibeneeded to treat of 5.8 (1 / 0.68.51).
After ten years, 105 of the original 148 patients were aliféie overall outcomes were very similar between the
two groups. Of these 55% of the surgical group were satisfied with theimtusvs 49% in the nosurgical group.
Better improvement of the predominant symptomeas reported by the surgical group (54% vs 42¥)e cross
over rate was 39%, meaning 22 patients of the origiet-surgicalgroup ended up having a laminectomy at some
point over the ten yeardn conclusion, the Maine study found initial improvement one year after laminectomy but
similar outcomes long term to the conservatively managed group. Symptom improvemgnslaghtly favoured

the surgical group. The patients in this study were not randonmisgdhose whether to have surgery or nttus

the two groups arenot strictly comparableAlso,the number of patients on whom follow up wawvailableafter

ten yeas wereonly few in numbes.xcv

TheSPORT, on the other hand, was a randomisedHtigiblso included an observational cohorThiswas afive-

year study that compared surgical decompression and conservative treatment for LSS, disc herniation and
degenerative spondylolisthesi¥. The studyconcerning LS&ndomised 289 patients to either surgery (138)
conservative treatment (151) and found that tkeargical cohort had significantly better outcomes even after two

years from surgeryThe primary outcome measure was the SF36 and the surgical group showed a significant
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improvement with a mean difference change from baseline of 7.8 for bodily @diirsimprovement was also seen
to be maintained at four yearwith mean treatment effectdr bodily pain of 12.6 and for physical functioning of
8.6.>¢"In this trial however, only 6&% of patients randomised to surgery did actually uigaean oration. Alsg
out of those randomised to conservative treatment, 49% had undergone surgery by 4 years. Theriftetreat
analysis showed no differee between the operated and newperated patients, however the dseated

outcomesshowed a significant advantagésurgery.

Of note, both trials showed that a significant proportion of patients who did not have surgery reported
improvement in their symptoms. Ithe Maine study, 28% of the nesurgical group reported an improvement

after one year.

A metaanalysis of the literature in 1991 showed on average that 64% of surgically treated patients for lumbar

spinal stenosis were reported to have gemdexcellent outcomesVi

A Cochrane review publishéd 2016 evaluated the effectiveness of surgerynepared with various methods of
non-operative interventions andconcluded that there is not enough evidence t¢onfirm whether surgical
treatment or conservative management is better for LSS. A complication rate ranging from 10% to 24% was found

in the surgcal group versus none for conservative treatmefit'

Another publication from the Cochrane library found no difference in outcome between different methods of
surgical decompression such as unilateral laminectomy or-sgliious process laminotomy compareo

conventional laminectomykeix

The reoperation ratefor spinal stenosis decompressive surgafier ten yearsis reported as ranginfrom 5
23%¢ccici An estimated 10% of reperations have a fusion during their second operation. Reportezpezations
for stenosis may not necesslgronly include operations that are carried out at the same level that was operated
on previouslylndications for reoperations are mainly recurrence of symptoms at different levels but also due to

insufficient decompressioat the same level.
Costeffectiveness of Laminectomy

In the US it has been estimated that the cost to obtain an increment in the quality of life gain2dearsafter
surgery is around $7,600relative to conservative therapy. This was calculated using the SPORT" datimur
years this improved to $42,800 per QALY gaiffbe means that the effect of surgery was sustained and therefore
the cost is spread over more tim®irect costs for lamiectomy werereported to range betweer$12,615" and
$27,055%. In the UKthe cost of a laminectomy is estimated to be arol2000-£700Q Cost effectiveness and

incremental costratios are discussedh Section 1.6. Howeveit is important to highlight that the way cost is
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calculated differs in different countries and this will affect the eefféctiveness of a procedumven if the clinical

outcome is the same

Interspinous Distractor Devices (IDDs)

Implantable interspinus distractor devices have been designed with the intention of widening the spinal canal and
thus alleviating the compression on the thecal sac and vasculature. These devices were intended to preserve
native structures and to be less invasive than thendtad surgical decompression procedures that are commonly
used to treat the symptoms of LSS. The first devices used were introduced into the market in the 1980's and
became very popular amongst surgeons. They are also referred to as spacers and are insbatveen the
spinous processes of two vertebrae. There are now several devices composed of different materials including
titanium, PEEK and ceramics. IDDs are marketed for various indications either as implants on their own or as
adjuncts to surgical @compression. It is controversial whether their efficacy and long term outcomes are better

than the gold standard open approaches.

Biomechanics of IDDs in LSS

Due to the slumping and reduction in height of the intervertebral space that occurs in LSSsdtaof the
degenerative changes mentioned above, it has been postulated that distracting the spinous process can restore
this loss of height thus increasing the calibre of the spinal canal as well as the height of the neuroforamina at the
distracted levé Restoring height can also help unbuckle degenerative ligamentum flavum. As already mentioned,
the calibre of the spinal canal varies with posture. In extengfmndiameter of the canal is reduced and symptoms

of LSS can be provoked in this way suchvlen walking or going down the stairs. IDDs stop this reduction by

keeping the interspinous process space fixed even during extension.

There are several IDD's on the market which are used for LSS and several cadaveric studies have been carried out
to study the effects of implanting IDDs on the biomechanics of the spine. Listed below are the IDD's used for LSS

and their respective biomechanical studies:

X-Stop Interspinous Process Decompression System (Medtronic Spine(Xt&tdpp)

X-Stop was the fitsIDD to be approved by the U.S. Food and Drug Admitimtr@~DA) in 2005 to be used in the
managenent of LSSymptoms It has been available in Europe since 2002. It was originally made out entirely of
Titanium but one of the components, the spacer, vater changed to polyether ether ketone (PEEK). PEEK is a
biomaterial as it has biomechanical properties that are msirailar tohuman bone cortex than Titanium. It is a
thermoplastic polymer and is widely used in implant materials. This device wasiées@be inserted in between

two spinous processes of the lumbar vertebrae thus keeping that segment of the spine in flexion but with minimal

effect on motion other than limiting extension. It is composed of two lateral wings with a spacer in the niiddle.
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comesin two detachable partgFig.7)The device is designed to pierce through the interspinous ligament and be in
direct contact with the bone of the spinous process above and below at the implanted level. Once it is passed
through the ligament and serted in position, the detachable lateral wing is fixed to the spacer and the eontra

lateral wing. The size of the spacer ranges froriémm(6, 8, 10, 12 and 14).

‘ / Spacer

\

Sagittal View Transverse View

Lateral
Wings

Posterior View Orthogonal View

Figure7 - Schematic representation of theStop Implant (Medtronic Spine Lit&Renfrom Richards et al, 200%.

Operative Procedure

The procedure is carried out with the patient's spine flexed, this can be in either the prone position or in the lateral
decubitus position. A midline linear longitudinal skin incision abeBtrd long, depending on how many levels are
going to be treatedjs carried out after the appropriate operative level(s) is confirmed witlays. Longitudinal
dissection of the muscle is done on either side to expose the two spinous processes down to their base whilst
preserving the interspinous ligament. A dilaterthen used to pierce the interspinous ligament as close to the
lamina as possible. The dilator is also used to distract the spinous processes apart. A gauge is then inserted to
measure the appropriate size of the device. Fluoroscopic guidance can beauigd stage to ensure that the
gauge is as close to the spiaminar junction as possible. The appropriately sized device is opened and loaded on
the inserter. The spacer part of the device is passed through the defect in the interspinous space lagdddep
from the inserter which is then withdrawn. The detachable wing of the contralateral side is then loaded and

inserted on the opposite side and mounted on the spacer then secured in. Fragk Xan be done to ensure
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correct positioning. It is importg that the correct size is selected which gives some distraction to the posterior

elements without breaking the spinous processes.

In theory, this procedure can be carried out under local anaesthetic however in the event of spinous process
breakage the mcedure could be converted to a laminectomy in the same sitting (with prior consent from the
patient) and therefore a general anaesthetic would be required. Ammipulation of the spinal muscles to expose

the spinous processes can be uncomfortable andverall traumatic experience for the patient.

Biomechanics of the-®top IDD

Effects on canal dimension$n one cadaveric study, the investigators measutkd spinal canalarea and

diameter, subarticular areaneuroforaminalarea, height and width as well as ligamentum flavum thickness
eight cadaveric spineat L2/3, L3/4 and L4/5 in three different positions; neutrd5 degrees oflexion and15
degrees ofextension. They then implanted the-s¥op deviceat the L3/4 leveland carriedout the same
measurements. These measurements were taken using a 1.5 Teslaskinerc'i They demostrated that, as
already knownthe meancanal area and diameter are reduced in extension in the intact spine (area in flexion
286mnt vs 231mmM in extensim). With the Xstop device however both the canal area and diamedérthe
implanted levelwere increased during extension (area in flexion 276mm275mm in extension) This amounts

to an average of 18% increase in the canal area in extension and 6&%utiral position with no significant
difference in flexionThe same increase in the extended position at the implanted level wasfgette rest of the
parametersithe canal diameter increased by 10%, twbarticular space increased 6§%, foraminakrea by 25%

and foraminalwidth by 41%. éraminal heightdid not change significantly-igamentum flavunthickness also did

not varybetween intact and implanted spine¥here was no significant difference in any of the measurements in
the adjacent levelsThis is a significant finding since one of the major drawbacks in surgical decompression is the
increased loadon the adjacent segment®f the decompressed levednd the consequential acceleration of

degeneration.

Hirsch et al also demonstrated an incseain neuroforaminal height at the implanted level with no effect of the
adjacent level in extension. Six cadaveric spines were implanted with several IDD's includifgiapeaXthe L4/5
level. The group reports that with the-Stop device the increasa neuroforaminal height was found not only in

extension but also in the flexed and neutral posititi.
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Figure8- A schematic representation of iakand sagittal slices in the pedicular plane.-CAnal area, CBcanal diameter, FA
foraminal area,FH- foraminal height FW- foraminal width, LF ligamentum flavum, SBsubarticular diamete from Richards
etal.

Effects on intervertebral disc©ther cadaveric studies on theStop IDD have shown a reduction in intradiscal

pressure in extensiobut not in flexion and not in adjacent dis&$*Swanson et al implanted the-stop at the

L3/4 level in eight cadaveric lumbar spines-b62 aged between 56 and 80 years. Using a very thin pressure
transducer, the intradiscal pressure was measured aeaéls, L2/3, L3/4 and L4/5. A compressive force of 700N
was applied in the neutral, flexed and extensor position. The authors report that a significant reduction in
intradiscal pressure was found in both the posterior annulus and in the nucleus in tiveded and the neutral
position at the L3/4 level. In additipthere was also a reduction in the pressure measured in the anterior annulus
in the flexed position. No significant differences were found in the adjacent levels except for a reduction in the

L4/5 nucleus pressure in flexion.

Effects on facet jointsAs mentioned previously the load on the facet joints is increased in the extended position.

In degenerative jointshis can result in compression of the nerve rodfgiseman et al studied the effect of the
implant on the lumbar facet joints of seven cadaveric spines by applying a 700N compressive axial load and
measuring the pressure in the joint space using a pressure sensitivé*filthe device was implanted at the3/4

level and measurements taken before and after implantation at L2/3, L3/4 and L4/5 levels bilaterally. The
investigators demonstrated that the peak pressure on the facet joints at the implanted level was significantly
reduced by 55% and the mean pressueduced by 39%. No significant changes in pressure were noted in the

adjacent facet joints(Fig.9)
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Figure9-!1 & OKSYI GA O 27T (i KA150NS hedhding @omérg was apglid tdiekch gpécimen via servohydraulic
rotational actuators securedo the cranial and caudal ends of the specimen, and a 700 N axial load as applied via a
servohydraulic linear actuator at the cranial end. The ehazsss represent the centres of rotation for the cranial and caudal
rotational actuatorsfrom Wiseman et i,

Clinical Evidence offieacy of the XStop IDD

X-Stop Vs conservative treatment

Anderson and colleagueandomised 75 patients to either-Stop implantation or conservative management and
completed tweyear follow up in 70 of these patientdi Conservative treatment consisted of NSAIDs, analgesia
and at least one epidural steroid injectiohhe XStop group (42atients) hadstatisticallysignificant improvement

in both the Zurich Claudication QuestionnairBGQ (15-point improvement)and SF3&cores for all time points.

Five patients in the -8top group and four in the conservative group eventually had a laminec@hmjcal success

was defined as an improvement of 15 points of the ZCQ from baseline, a patient satisfaction score of le€s than 2
on the SF36 and no 1@perations. Overall, after two years, 12.9% of patients in the control group Vs 63.4% in the

X-Stop group were considered to have been clinically successful.

Zucherman et al were the first group to carry out clinical studies usi@g<Stop. 191 patients were randomised

to either XStop insertion or conservative treatme(atontrol group)and were followed up for four year$he first
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publication reported the outcomes after one year of implantation of the devi¢€lhey reportedoutcomes using

ZCQ and SF36 questionnaires. At each time point (6 weeks, 6 months and one yeaBttipep4tients were
significantly more pain free, had significantly more improved function aedewnore satisfied than the nen
operated group who showedmsignificant improvement from baseline. In thablication reporting the tweyear
outcomes, theauthorsagainreported significant improvement with the-top at every time point using the ZCQ

as their outcome measure’ At two years thedata available fofollow up was from 93 of the original 100SXop
patients andfrom 81 of the 91patients in thecontrol group. Theoverall improvement in the symptom severity
score of the ZCQ was 45.4% in th&t¥p group and 7.4% in the control grodfhe improvemenin the mean
physical function score improved by 44.3% vs a deterioratiof®.df6 in the control group. The incidence of re
operation was 6% in the-3top group.The authorgeport the outcomes of the SF36 questionnaires in a separate
publication that focses on quality of lifé~ Out of the 82 Xstop patients on whom SF36 data was available, 6
underwent laminectomy. Out of the 53 conservatively managed patients, 24 eventually underwent a laminectomy.
The authors report both their intentioto-treat analysis as well aastreated data. The »top group showed
significantly better scores in ost domains at all time points e&pt for the general health domain, role emotional

and the mental component summary at 2 years. As expected it is the physical functional domains that improved
significantly. On the other hand, the conservative group had no significant difference in any domain at any time

point post operatively.

X-Stop Vs conventional surgery

Evidence in this areaow includes four randomised control trial{RCT's)Three RCT'sStromqvist et al 2013,
Moojen et al 2013 and Lonne et al 20linvestigated the use of the -%top versus standard

decompressiovicwiicix A7z azj et al 201andomised the »top Vs Surgical decompression and fusion.

Stromqvist et al randomised 50 patients for surgical decompression and 50 patientssfop ¥sertion. They
found no significant difference in the primary outcome (improvement on Zurich Claudication Questionnaire, ZCQ)
but a higher reoperation rate in he Xstop group (26% vs 6#6&0.09. These patents were followed up for twelve

months.

Moojen et al recruited 159 patients from five centres in the Netherlaadd had a follow up of twelve months
with the primary outcome measure also being the ZCQ. Toepdf similar findings to the Swedish group; no
significant difference in outcome between the two groupscept for the high reoperation rate of the >top
patients (29% vs 8%). The advantage of this study was that it was a double blinded study andheitladients
themselves nor the investigators collecting thestoperative data were aware of which operation was carried

out.
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The Norwegian study by Lonne et al is slightly more controversial as it was stopped early after the interim analysis
showed tha the XStop arm of the study was substantially more expensive than minimally invasive
decompression. Ninetgix patients were randomised to eithersXop insertion or to a limited laminectomy where

the spinal canal was opened but only the inferior aspafcthe lamina and medial part of the facet joints are
decompressed. Full cost data is only available for 81 patients since the study was terminated early- The re
operation rate in the »Stop group was 30% (13 patients out of 41) Vs 12% in the minimadlsive surgical group.

The high rate of secondary surgery together with the initial cost of the implant led to the study being stopped early

as the coseffectiveness was not in favour of the device.

Azzazi and Elhawary compared transpedicular screwidixab the Xstop for management of LSS. They randomly
assigned 60 patients to one of the two arms and found tHetop device to be preferable to fusion. In th&skp

arm the Oswestry Disability Index (ODI) score improved from 53% to 26.5% whereasingioal fusion group

the ODI improved from 55% to 34.5%. Moreover, the transpedicular screw fixation arm had more significant
complications than the IDD group including screw loosening in two cases and three dural tears with an overall
complication rateof 14/30 vs 3/30. The length of stay was one day for all #80p cases compared to three days

in the fusion grap. The average operating time wHwgee timesas long (45ninutes for single level-%top vs 150

minutes for transpedicular screws).

Otherdevices

Davis et alnvestigated the Coflex device and randomised patients to decompression and Coflex or laminectomy
and fusion® Therefore this was not a trial looking at an IDD as a standalone device but as an adjunct to standard

surgical decompression.

A summary ofall the clinical evidence regarding all the various IQIDd how they compare with other
conventional surgical optionsan be found in aecentCochrane review on thsurgical treatment of LS&blished

in 2016.°i This included 24 randomidecontrol studies with 2352 participants with LSS and claudicant symptoms.
Only five out of these trials investigated the effects of IDDhe review showed that interspinous devices were
slighty superior to decompression witfusion in controlling painHowever compared to decompression alone,

although IDD's had similar rates of pain conttbéy had higher reoperation rates(Fig. 10)
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A Decompression Vs IBD

Decompression Interspinous Spacer Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV,R 95% Cl Year IV, Rand 95% CI
2.1.1 Short-term (less than 12 months)
Stromavist 2013 229 27.36 48 298 3151 48 13.9% -6.90[18.71,4.91] 2013 o
Moojen 2013 22 20.28 78 26 2616 73 243% -4.00[11.50,3.50] 2013 —
Lonne 2015 358 275 41 262 275 40 136% 9.60([-2.38,21.58] 2015 .
Subtotal (95% CI) 167 161 51.8% -0.93[-9.86, 8.00] el

Heterogeneity: Tau®= 34.80; Chi*= 4.53, df=2 (P=0.10), F= 56%
Test for overall effect: Z=0.20 (P = 0.84)

2.1.2 Long-term (12 months or more)

Moojen 2013 26 29.29 78 23 2834 73 19.4% 3.00[6.19,1219] 2013 ] o T
Stromaist 2013 21.65 2491 48 30.2 3004 48 153% -8.55(-19.59,2.49] 2013 TEES

Lonne 2015 32 275 41 286 275 40 136% 3.40[-8.58,1538] 2015 ] 15
Subtotal (95% CI) 167 161  48.2%  -0.55[-8.08, 6.99] i

Heterogeneity: Tau®=14.93; Chi*=3.01, df=2 (P=0.22); F=33%
Test for overall effect: Z=0.14 (P = 0.89)

Total (95% CI) 334 322 100.0% -0.89[-6.08, 4.31] ?
it Tau?= - Chig= L | F= F + t
Heterogeneity: Tau®=14.36; Chi*=7.62,df=5 (P=0.18); F= 34% 50 25 25 50
Favours Decompression Favours Interspinous Spacer

Test for overall effect: Z=0.33 (P=0.74)
Test for subaroup differences: Chi*=0.00, df=1 (P =0.95), F= 0%

B Decompression with fusion Vs DD

Fusion Interspinous Spacer Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD  Total Weight IV, Random, 95% ClI Year IV, Random, 95% CI
3.1.1 Long-term (12 months or more)
Azzazi 2010 355 242 30 255 242 30 28.4% 10.00[-2.25 22.25] 2010 o T A
Davis 2013 241 306 86 206 274 162 71.6% 3.50[4.22,11.22] 2013 ——
Subtotal (95% CI) 116 192 100.0% 5.35[-1.18, 11.88] <>
Heterogeneity: Tau®= 0.00; Chi*= 0.77, df=1 (P = 0.38); F= 0%
Test for overall effect Z=1.61 (P=0.11)
Total (95% Cl) 116 192 100.0% 5.35[-1.18, 11.88] R
Heterogeneity: Tau®= 0.00; Chi*= 0.77, df=1 (P = 0.38); F= 0% 0 5 o 75 50

Test for overall effect: Z=1.61 (P=0.11)

: : Favours Fusion Favours Interspinous Spacer
Testfor subgroup differences: Not applicable

Figurel0- Forest plot of comparison:;) ecompresionversus interspinous spac&) Decompression plussfan versus
interspinous spaceCochrane Librai@ochrane Database Syst R&¥16 Nov 1;11:CD012421

Clinical Guidelines

NICE Guidelines

The National Institute for clinical excellence has updated its guidance in 2010 with regandsntanagement of

LSS. Surgery in the form of decompression or fusion is only recommended in LSS where the symptoms are
refractory to analgesia. NIGEcommends that the use of IDDin this condition is safe and efficacious in the short

and medium term in carefully selected patienfthe guidance is based on an RCT of 1%emta (Zucherman et

al), 3 nonrandomised control studies, 7 case series ar@a®e reportsThe full guidance can be accessed tlglou

the institution's website athttps://www.nice.org.uk/guidance/IPG365/chapter/quidance
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North American Spine Society Gelides

The NASS concludes thrairgicaldecompression improves outcomes in moderate and severe LSS and grades this
recommendation agradeB meaning thatbased on studies published in the literaturee society suggests the use

of intervention(Grade Arecommends its use, 8suggests, Gndicates and ¢ insufficient evidence)For the use

of IDDs, the NASS states that there is insufficient evidence to make a recommendation for or abairggtidance

is available athttps://www.spine.org/DocumentdResearchClinicalCare/Guidelines/LumbarStenosis.pdf

Outcome measures

Definition
Outcome measures are assessment methods used to objectively find out the effect of an intervention. In the
medical field they are a standardised way to compare different subjects and different interventions. Outcome

measures serve as tools that generate a reproducible result, which minimises investigator bias.

In addition to assessing treatment outcome, these tools candexl to monitor progressnake adiagnosis as well
as screening. In healthcareutcome measures are often used to measure et ctiveness, compardifferent

providers and improve quality of care.

Various tools can be used to measure the outcome after an intervention such as radiological tests before and after
a procedure or a drug administration. In the clinical setting however, where the objective of a treatment
LINE OSRdzNB A & i gymptomns NS gdalt radlolSgical aucome might not necessarily result in a
perceived good outcome by the patients themselves. For this reason, Patient Reported Outcome Measures

(PROMS) are now utilised more frequently since they provide patient fedusssessment.

Cost of treatment is another form of assessing outcome by determining efficiency. Comparing the costefitdiffer
treatments for a conditioncan help identify potential savings for the healthcare provider. Cost effectiveness,
however, is deermined not only by the direct costs of providing a service, such as the price of a device, but also on

indirect measures such as quicker return to work.

Patient Reported Outcome Measures (PROMS)

PROMS provide a standardised scoring system for careélfigted questions. These tools have been shown to
improve patient satisfaction with care and are routinely used in spine surgery and in clinicafiid@ROMS can

be classified in to two main categoriedjsease specific, where the patient reports outtes specific to the
condition being managed or a particular intervention receiyetid general healthPROMS which aresed in a
broader way to assess the general wellbeing and psychosocial status of an individual, which can in turn have an

impact on theirperception of treatment. It is well recognised that coexisting illnesses may act as a burden to
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ambulation and recovery from surgery and should be taken into account when considering the outcome of an
intervention. Disease specific PROMS are very semsith the condition being managed but they offer only a
narrow assessment of healthese types of PROMf8e not very useful to estimate quality of life like generic

PROMS, for this reason good clinical trials often use both types to obtain a comprehensive result.

When using PROMS in a study one must consider the following; validity, reliability, seresitilfigasibility. This
means that an instrument which is being used to measure outcome needs to be accurate and repeatable
consistently obtains the same result. It also needs to be able to detect clinically important changes but it also
needs tobe easy to use and appropriate for the population being studied. There are inherent problems of
subjectivity with collecting data directly from patients. Patients may answer differently from day to day even if
their health state or condition hasn't changieAlsq there might be changes from day to day to their status for
instance pairseveritycan fluctuate. This is called intra patient variation and the accuracy of the data might suffer

because of this.

General health and Qualitpf-life PROMS

These gestionnaires are not conditioapecific and therefore can be used to assess the outcome across various
populations, not just in people suffering with the same condition. They allow comparisons of general health as
perceived by patients themselves. Exampieslude; European Quality of Life (5Q), The Nottingham Health
Profile, Short Form survey (86) and Health Utilities Index (HUI). Although they provide a comprehensive outlook
on life they can be long and tedious and not very sensitive to some prnsbl€hese generic quality of life PROMs
can be further subdivided into profile or index measures. The aim of profile PROMS -BB&dBRnstance, is to
provide a profile of an individual's health. They often have different categories within the quesitie and the

result is not simply just one figure. Index measures on the other hand, such-aB,E&im to provide a simple
index value to represent an individual's health. Profile and index measures therefore have a different valuation

burden (EGD ha 243 possible health state permutations f3-has 18,000 possible permutations).

The EQD and SF36 are the most widely usgghlity of life measuresas one can also use these tools to estimate
QALYs (see belowyv

EQ5D

The EGBD isone of the mostvidely usedpatient survegin clinical trials. It igenerated by the EuroQol group. It is

a standardised questionnaire that has been designed forc®iipletion and aims to measure health status in a
simplified way. E@D was introduced in 1990 and hé&ige dimensions; Mobility, selfare, usual activities,

LI AYKRAEO2YTF2NI YR 'YEASGekRSLINBEA&AAZYSD0OE KR SNBIDNB vV (i 62

where each dimension has either three answer choices or five, respectively. The arggiah of the survey had
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three levels of response for each dimension: no problems, some problems and extreme problems., the605
version was introduced where there are an additional two levels of severity: no problems, slight problems,
moderate prdlems, severe problems and extreme problem$he use of EGD as a patient rated outcome

measure is advised by NIQkdas also part of the NHS PROpE8gramme &V

The EGBD consists of two pages: one is the descriptive system and the other is the vialagwe scale (VAS). In

the first page the respondent is asked to indicate with a mark, for all the five dimensions, which of the choices

reflects most appropriately their current status. In the-E®S section the user is asked to indicate theirisaéd

KSFtGK &adriddza 2y | @SNIAOIE fAySEFENI a0FtS I oSkld SR W. S
KSEHfGK adl i%@ppendix)it KS 2 0 KS NI

This tool for outcome measurement has been used for a wide range of health applications. It has the advantage of
being simple andesstime consuming therefore facilitating data collection. The choice of response by each patient
is referred to as their hdth state. With three possible answers for each of the five dimensions there are therefore

a total of 243 possible health state combinations. Each level is indicated by a humber ftoblems, 2some
problems and 3severe problems). Each health staserécorded as a fivdigit code based on the number of level
chosen for each response. For examijifie patient has no problems in each of the five dimensions, the code for
their health state is 11111. A health state of 33333 implies severe restrigtiaiisdimensions of health. Missing
values are recorded as 9. The-EAS is recorded as a whole number based on a scale of 0 to 100. Missing values
are recorded as 999. A Time trade off (TTO) score is calculated for each health status so that adesatinging

from -0.594 (UK) to 1.00 can be given. Full health i.e. a score of 11111 gives a TTO score of 1.00.

The way that a patient responds the EQ5D can be influenced by their socioeconomic status. Forréaison,a
valuation technique to accaou for this societalperspective can be applied. These population norms Haeen

collected for segral countries including the UKvi

SF36

The 36item short form health survey (SF36) was developed by the RAND organisation as part of the Medical
Outcomes fudy. It is a qualiyof-life questionnaire that was developed as a PROM. It assesses general health by
addressing basic concepts such as functioning and emotionabeiely. It consists of a series of questions that
represent eight aspects of health; pdigal, social and role functioning, mental health, general health perception,

bodily pain emotional functioningnd vitality (energy/fatigueyvi
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The questions were carefully selected using psychometric standards and data from previously ulsedtfull

surveys(Table 2)

Meaning of scores

Concepts No. ofitems  No. of levels Low High
Physical 10 21 Limited a lot in Performs all types
functioning performing all of physical activities
physical activities including the most
including bathing or vigorous  without
dressing limitations due to
health
Role limitations 4 5 Problems with No problems with
due to physical work or other daily work or other daily
problems activities as a resul activities as a resul
of physical health  of physical health,
past4 weeks
Social functioning 2 9 Extreme and frequent Performs
interference with normal normal social
social activities due tc activities
physical and emotiona without
problems interference
due to
physical  or
emotional
problems,
past 4 week
Bodily pain 2 11 severe and extremely No pain or
limiting pain limitations
due to pain,
past 4 weeks
General mental 5 26 Feelings of nervousness Feels
health and depression albf the peaceful,
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time happy, and
calm all of the

time, past 4

weeks
Role limitations 3 4 Problems with work or No problems
due to emotional other daily activities as ¢ with work or
problems result of emotional other  daily
problems activities as a
result of
emotional
problems,

past 4 weeks
Vitality 4 21 Feels tired and worn ou Feels full of
all the time pep and

energy all of

the time

General health 5 21 Believes personal healtl Believes

perceptions is poor and likely to ge personal
worse health is

excellent

Table2 - Interpretation of SF36 questions and breakdown of scores.

The SB6 is a multitem linear scale ands analysis and interpretatioassumeghat the scores are linearly related
to the aspects of health being measured. Each item on the survey carries a score. A higher score indicates a more
favourable outcome ath the resultant score is a percentage of the maximum score possible. Items that are left

blank are not counted therefore the final score is only a percentage of the questions answ@pagFoxicoi

In general, the domains of physical functioning, role limitasi@ue to physical problems and bodily pain pertain
mostly to physical health whereas the rest of the five domains are grouped as mental health measures. Therefore,
although the SF36 can be used across various diseases and conditions, the domains thastasengitive to

change can differ depending on the disease or condition that the tool is being used for. For instance, in LSS one
would expect the physical health score domains to change after treatment as mental health is unlikely to be

significantly impacted on by undergoing surgery.

The SF36 health survey was not originally designed to be used for economic evaluations obrhigatthtermine

QALYsHowever Professor Brazier from Sheffield University Hasised a scoring method to obtain a health utility
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index using seven out of the eight domains (the general health domain is not used). The two domains of role
physical and role emotional are combineadsulting in six domains. The score is therefore n&fgrto as the SF6D

index The resulting score can range from zero (worst health state) to 1 (full hextth).

DiseaseSpecific Outcome Measures

Zurich Claudication Questionnaire (ZCQ)

ZCQ is a settported questionnaire which addresses symptoms of 1iSS.divided into three scales: symptom
severity, physical function and patient satisfaction. The questionnaire was developed in 1996 by Stucki et al as part
of a prospective, multicentre, observational study on patients with LSS undergoing decompeesgiery. ZCQ

has a good testetest reliability which makes it reproducible and consistent. It consists of a total of eighteen
guestions; seven in the symptom severity scale, six questions addressing physical function and five assessing
satisfaction with argery. The latter section can only be filled out poperatively. Two domains are assessed in

the symptom severity scale; three components address the pain domain and four represent the neuroischaemic

domain (leg pain, weakness, nume®s and balance digbance)oiv

Pratt et al concluded that the ZCQ was the best outcome measure for LSS patightey tested the ODI, ZCQ,

Oxford claudication score and the walking tastl therepeat testreliability of eachin patients with LSS.
A 15point improvement inscoring the ZCQ is consideredcéiricallysignificant.(Appendiy

Oswestry Disability Index (ODI)

The ODI is one of the most commonly used-adhinistered questionnaires to assess back pain. It consists of ten
guestions each of which assesshe impact of back pain on an activity of daily living. For each section the score
rangesbetween zero and ¥ie, with zero being no symptom interference and five being unable to perform an
activity due to the symptoms. The total score is expressed ascapage of the possible total score (50). If one

section is left out 5 points are deducted from the possible sq@ependiy

Quebec Back Pain Disability Scale (QBPDS)
Thisquestionnaire is based on twenty items that aim to assess the effect of backpéimctionality.The QBPDS

has been shown to be reliablalidand repeatableand is commonly used in clinical trials to monitor progress.

5AaloAfAle Aa RSTAYSR o0& GKS 21 h Fa alyeé NBaAaGNROUGAZ2Y 2

GKS NIy3aS O2yaARSNBR y2NXIf F2NJ I KdzYly o0SAy3aé¢od ¢KS
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guestions are directed at thebility of a person to perform certain tasks and the difficulty that that person finds in
doing them.The twenty activities can be grougénto 6 categoriesat rest, sitting, ambulation, moving objects,
bending anchandling large object# five point Like scale is used foraeh questiorwith zero for no difficulty and

5 for being unable to perform thiask. The maximum score is 108%d the higher the score the greater the level
of disability This instrument can be used for any condition where back plays a role including LSS, disc

degeneration, acute back pain or sacroiliac joint dysfuncti@ppendiy

Cost- Effectiveness

Cost is another metric of outcome and is an important factor when it comes to decision making and delivering
excellent qualityof care. Coseffectiveness however, is the best means of assessing the economic evaluation of
an intervention. This is because it takes into account the cost of, as well anicalbenefit that the treatment

had on a patient. The more costly a treatment or intervention is, the less edftctive it becomes anthe less

clinical benefit obtained from a procedure the less the eeff¢ctiveness.(Fig. 11) The unit used for cost
effectiveness is cost per qualidjusted lifeyear (QALY) gainedOr more simply put, health gain per evefy

spent of public health care resourceQALY¥ area widely used and popular method of representing eost
effectivenessand are also used by NICE to advice on new drugs, therapies and seii#iésvas first introduced

in the 1970's as a health index however it only became a reference standard in healthcare economic evaluations in
the 1990's.oii Disabilityadjusted life year (DALY) evolved from QALY. DALY represents the burden of disease
and also takes into account loss of function from a disease or condition as well as puts weighting on age in its
calculation. Both QALY and DALY are types wffaial health outcomes which measure health in time (life years)

in a population and can be used as comparative indicators of an intervention. Other measures such as morbidity
and mortality are also frequently used however these would not provide theessary detail in comparing

treatments in chronic diseases such as ¥S'S.

Choice based quality of life questionnaires such as EQ5D and SF36 can be used to calculate QALY's, whereas disease
specific questionnaires are not very helpful in this regard as althdligy are sensitive to the particular condition,
they cannot be compared across different conditions. Various methods exist to calculate QALY but all are based on

the following simple formula:
QALY #£Length of life) X (Quality of life)

or TXU
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where U is the utility used to measure quality of life, for instance the EQ5D TTO score, multiplied ky)tinoen

the intervention taking placeneasured in life year©QALY gives you the health state measured in cardinal values
where 1 is equal to perfedtealth and the value of O is deathife years can be obtained from official published life
expectancy statistics. In the UK these are obtained from the office for national statistic® ALYs can be
represented on a graph where thedependent variablés time and the dependent variable giality of lifeon the

Y axis whiclhanges from 0.1 to IThree main methods of QALY calculation have been described by Manca et al.;
The'area under the curVecalculation,'change from baselinend the'regressionmethod ! When using theéarea

under the curvé method, the average E@GD value over the whole study period is used. For the 'change in
baseline' method the difference between the BQ value at the end of the study period from the value before the
intervention is averaged out over the whole study duration. The ‘esgion' method accounts for differences at
baseline between the groups being compared, then uses the area under the curve method. It is therefore an

intermediate method of the previous tw&

Figurell- The cosutility plane from Edwards et &
Procedures that fall in the bottom right quadrant are the most -@fftctive whereas those in the top left are more expensive
and negatively impact on quality of life.
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When comparing theosteffectiveness of two interventions an incremental ceffiectiveness ratio (ICER) is used.
This is a ratio of the difference in cost between the two interventions. The ICER is the cost of an intervention's
effect in obtaining an improvement in onenit of health. This is also known as casity analysis. ICER depends

on their being large cost and effect differences between treatments otherwise the results may be skewed.

Calculating Cost in the UK

In the UK the National Health System (NH®vides a free health service to patients. This system is taxpayer
funded and therefore the NHS faces the challenge of increasing costs, partly due to an ageing population who is

living longer after retement but also due to thécreasing price presses of new treatments

In 2010, 'Payment by Results' (PbR), was introduced by NHS England. This is the payment system in England under
which commissioners pay healthcare providers for each patient seen or treated, taking into account the complexity
ofthepai A Sy G Q& K S I tiiekKNES, NEmigsBr8ng and provision of healthcare are carried out by two
separate organisations. PbR is the way these two entities interact. PbR provides around 60% of the income of a

hospital and the price depends on the colexity of treatment.

The system uses petermined tariff prices for every procedure, visit and diagnosis. When a patient is
discharged, a clinical coder working in the hospital translates their care into codes using two classification systems,
ICD10 fordiagnoses and OPdSor interventions. This in turn gets sent to a central database and the hospital

gets paid for delivering the treatment.

This variety in costs between different units providing similar services makes it difficult to analyse exgeaaddtu

make financial planning. Healthcare Resource Groups (HRGs) are the method used by the NHS to standardise
costing. They are used as a standard unit of currency for PbR by healthcare providers. With HRGs, similar
conditions and treatments are groupedgether to facilitate the process of payment as well as for cost analysis

and for comparisons between treatments and different providers. The tariff within each HRG is the national
average cost for all hospitals in the UK. The latest version, HRGBe&asn use for payments since 2009 when

PbR was introduced by the Department of Health.

Best practice tariffs have also been introduced in 2010, which ensures that tariffs are determined by best clinical
practice rather than average cost. A 'market fordestor is then applied to the tariff which reflects the different

costs of delivering care in different centres around the country.
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These ariff reimbursement schedules however, have the disadvantage that they often do not reflect the true
hospital costs This is because the real costs that the hospital incurs can be different to the agreed price and also
due to the fact that cost calculations amt standardised across the NH%<!v HRGs do not capture certain
clinical information which can be an important factor in cost calculations such as length of stay per patient or
number of investigations acquired during their stdy address this,@ient Levelinformation andCosting System
(PLICS) has been introduced across the UK since @0@9this system, actual patient interactions can be mapped
and billed accordingly rather than having a fixed set price forAdtlout 70% of the NHS health care providers use

PLICS which is essentiah IT software systemsed to record and calculate cost¥

There are various factors influencing cost of surgical treatment. There are patient related factors such as
preoperative comorbidities and performance status and +patient factors such asupply costs and hospital
overheadsLarger hospitals tend to have higher costs as they take on more complex proceduresoftsny of
scale)>™ In addition, one must also consider the indirect medical costs of treatment include factors that are not
directly billed to the hospital but are still costly either to the patient or to society in general. These include time off
work and income lost due to the operation and the recovery period. Payment for child minding or carers for any
dependants whilst the p&nt is unable to look after them. It also includes health gains if patients' symptoms are
controlled with treatment andable to return to work and have reduced ongoing healthcare costs such as

medicationcxVi

Cost also varies from centre to centre. Thisas simply due to the different 'market force' factor between centres
but also due to the different ways of management by the hospital staff and operating neurosurgeons. For
instance, some centres admit patients on the same day of surgery whilst othevis the night before simply due

to the distance the patient lives from hospital that might make same day travel impossible.

The cost to perform a laminectomy or inserting a$t8p device in a patient with LSS includes direct medical costs
and indirect coss. Direct costs include length of hospital stay, operating time and theatre time, costs of
instruments and devices used, medical staff including surgeons and nurses as well as other healthcare providers
including physiotherapists. Any complications agsfrom surgery can increase these costs by increasing length of
stay and the cost of treatment delivered such as drugs. Other direct medical costs include emergency department
and outpatient visits, diagnostic tests (including radiographs, MRI, CT arntdomigography) and medications

which may also involve injections.

In Englandall NHS service providers belong to the Clinical Negligence Scheme for Trusts. This scheme is set up to
indemnify trusts against successful claims for clinical negligence. It is a nationally administered scheme to which is
paid an annual premium and whereach trust negotiates its own membership contribution. It is an overhead
applicable to all patients and prior to the introduction of PLICs this would not have been identified as a separate

cost type but would have been absorbed into other costs. Althailnghcost is spread equally amongst patients
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irrespective of what procedure they've had done (except maternity and emergency services) it still varies amongst
different trusts depending on what deal they've negotiated with their insurance providas. mans that indirect

costs vary amongst different hospitals.

Costeffectiveness in the Management of LSS

The outcome of surgery or any intervention for LSS can be measured as QALY gained. It is important to have this
data available as QALYs can be usedrasaurce allocation guide and policy makers may use it to make decisions
on funding. Calculating QALYs in LSS can be challenging since LSS mainly affects patients who are no longer in the

workforce and who are often affected by other-oworbidities that nay affect their quality of life.

Burnett et al looked at cost effectiveness between laminectomy anr8to¥sVii This publication was a
retrospective review of published studies however a hypothetical cost effectiveness model was created by the
authors basedn a patient being treated in the US using the Medicare national average reimbursements. The
healthcare cost calculation system in the US has many differences to that in the UK. One of the differences is that
length of hospital inpatient stay does nolter the payments received and this was therefore not reflected in this

cost effectiveness model.

The cost of a laminectomy ithe US as mentioned previouslywas estimated to bebetween $12,615 and
$27,055.53F |t is generally agreed by policymakehat for a treatment to be considered as cost effectiteg
cost of QALY gained as being $100,000 for a treatment to be considereeffeasive in the US. The main source
of this is from the SPORT trial.

No data exists with regards to the cost and ceffectiveness of lumbar spinal stenosis surgery in the UK to date.

The CELAX trial aims to address specifically this missing piece of information.

TheCosteffectiveness and Quality of Life after Trement of Lumbar Spinal Stenosis with the Interspinous

Distractor Device (XStop) or LaminectomyGELAX: A Randomised Contrdirial

The idea to design, set up and conduct this trial came about in 2008 when many patients in the UK were
undergoing IDD insertion with mixed results. The cost of the devicemwas higher than a laminectomy but the

time taken to insert it was much less. We conducted a literature review and identified that there was no UK data

on cost effectiveness between the two procedufed. Cochrane revieyublishedin 2005 concluded that tlere

FNBy Qi Sy2dzaKk w/ ¢& | RRNBaaiy3a g KA OHkndhatNivgeddhsfoughtdoNaB S NBE A &
encouraged to conduct trials in this field NICE guidelines plished in 2005

53
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only occur within a research trial.

Due to the gap identified in the literature on cost effectiveness of LSS surgery in the UK, and due to the rising
popularity of IDDs, the CELAX trial was designecdhsavar whether the most widely used device, the&skp, was
as cost effective as the gold standard laminectomy. This was a randomized control trial where patients with LSS
who were eligible to have both procedures, laminectomy estop insertion where madomly allocated to one

operation or the other.
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Methods

This was a randomised controlled multicentre trial carried out in three NHS tittssfirst patient was included
on 15th December 2008 whilst the last patient was included on 13th February 2@ddm analyses were

performed in June 2012.

Objectives
¢CKS YIAYy 202SOGA@GS 2F (GKS addzRé ¢l a G2 |yasSN KS y
effectivenessofthe X 1 2 L] RSPAOS O2YLI NBR (2 GKIG 2F O2y@SyiaArzyl t

The null hypothesis is rejected if the mean cost of treatment in th8top group is significantly different to the
Laminectomy surgery group. Tway analysis of variance is performed to determine any statistically significant

difference between the meanosts of treatment in the Stop and decompression grougs=0.05).
The following end points were set out:
Primary endpoint To determine if there was a difference in caftectiveness between the two operations.

Secondary engbint - To determine if there was a difference in outcomes of quality of life between the two

operations.

Other endpoints To determine if there was a difference in the complication rates between the two operations.

Study Design
CELAX was a randomised contridl conducted in three centres in the UK. It consisted of two surgical arms:
Laminectomy and -$top with two years of follow up. Ethics approval was obtained for each of the three

participating centres.

Centre 1¢ The National Hospital for Neurologyné Neurosurgery, University College London Hospitals NHS

foundation trust, London, UK.
Centrec{ 41 Q DS2NHSQa ! yABSNBRAGE 1 2aLAGFt bl { F2dzyRIFIGA2Yy N

Centre 3¢ Hurstwood Park Neurosciences Centre, Brighton and Sussex Univosipjtals NHS trust, Haywards
Heath, UK.

This study was designed by Mr. David Choi, the chief investigator with initial sponsorship by Medtronic Inc.
between 2008 and 2010. Mr. Besnik Nurboja was the researcher for the trial between 2008 and 2010 atebrecru
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ten patients. | was the researcher from 2010 until study completaond recruited all the remainder patientin
2012 Mr. Nurboja conducted an interim analysis. The sample size calculation sadmseed by Mr. David Choi

(supervisor) and UCL stdits support.

Patients were referred through the normal NHS pathways and underwent assessment and diagnosis of LSS. No
additional investigations where required as a result of study participai@ferrals from general practitioners and

other specialistswere screened by myself every week at the three participating centres. Referral letters that
described features off LSS where booked into the CELAX outpatiers ¢imic codesDC406 at centre 1, FJ03 in

centre 2 and CELAX in centre 3). | attendeddhweekly clinics (one at each centre) where on average five patient
slots wereavailable for bookindor each clinicAn estimated300 patients were screened by myself over the study

period. Patients were also followed up in these three weekly clinics.

Sanple size calculations weraodelled on the study by Katz etl.This ishased on a type | error estimate 0f05

and type Il estimate of 0.2ZThis means that a sample big enough to detect a difference in cost of at least 20%
between the two operationsvas neededwith a significance level of 5%ased on this calculatiomnitially a
sample size of 110 patientS5 in each arfwas estimatedout this wasadjusted to 50 patient$25 in each arm)

after the interim analysis of Mr. Besnik Nurbpjahen itbecame clear that the rate of recruitment was slower

than predicted

A randomised design was used with a block sizergfand a 1:1 treatment allocation which were obtained using a

computer random number generatoAllocations were stored in coded andated envelopes.Each envelope was

opened the day before surgery and the patient was informed on their admission.

Referrals to participating Centre screened for signs and symptoms of LSS

Patients reviewed in clinic and diagnosis ¢ Eligible patients given information about trial
LSS confirmed with MRI andgiven information sheet

Offer for participation in CELAX trial

Patient consented for participation in the

CELAX trial. GP informed Baseline PROMS filled out

Randomization to >top or Laminectomy

Randomisatiorenvelope opened day before Patients informed of procedure and
surgery consented for operation

Figurel2- Trial Flow chart
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Ethics and Regulatory issues

Approval for the study was granted by The Charing Cross ResearchCetiniosttee in 2008. (Reference number:
08/H0711/12.) Patients provided written consent before entering the trial.

t I NODAOALIYGa Ay GKS /9[! - GNRAIE ySSRyQdé 32 GKNBAAK Fye
part of the trial. Howevercompared to norparticipants they were required to accept the fact that their operation

was selected at random and that they were unable to choose which operation to undergo themselves. In two of

the centres, Centre 1 and 2, theStop device was also offd to patients outside the trial and therefore those

who did not want to participate in the trial could choose to either have the device insertion or to undergo a

laminectomy. In Centre 3 the- Stop device was only allowed to be used within the CELAXTthis meant that

patients who refused to participate in the trial could only choose to undergo a laminectomy. In addition,

participants also agreed to complete a set of questi@ines preoperatively andat sixmonths, one year, and two

& S | pegtdperativetime points.

The trial was registered with the National Institute for Health Research (NISBRCTN88702314. The

investigators on the trial all completed Good Clinical Practice (GCP) training.

All trial participants signed a consent form declatingir agreement to be part of the trial and for their data to be
dzASR F2NJ Fylfeairad Ly IRRAGAZ2YS Fff LI GASYyGa dzyRSNEH2AY

consent form. Withdrawal from the trial was an option at any point.

During the consenprocessit was explained to patients that there is no hard evidence in the literature that one
surgical option was superior to the other however, the gold standard operation is a laminectomy. It was also
explained that some surgeons have faltart of preference for the device and have stopped using it. The safety
profile of the XStop was confirmed by the FDA and by NICE and the clinical efficacy was reported to be similar to

that of a laminectomy at approximately 70% success rate for symptgroiement.

Patient population

Patients referred to the neurosurgical outpatient department in the three participating centres were screened for
symptoms of LSS. Patients who reported symptoms of neurogenic claudication underwent an MRI scan. Almost
invariably patients had already undergone this imaging modality by the referring physician. Those patients
diagnosed with LSS were screened for eligibility in the CELAX trial. Eligible candidates were offered to participate in
the trial and were given a patnt information sheet. As per the Good Clinical Practice guidelines (GCP), patients
were allowed enough time to think and consider the information provided and allowed to withdraw their consent

in participating in the trial. There was no observationalalin this trial and therefore patients whdid not agree
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with the randomistion process were not included in the study and no data was collected. Study participants were
asked to fill out preoperative questionnaires which were then repeated after sixttnsdfrom surgery, one year

and two years.

Inclusion criteria
Patients whose symptoms and imaging supported the diagnosis of LSS were invited to participate in the study if

the following conditions were met
a) Male or nopregnant female patients
b) Above the age of 18
c) BMI <35 kg/m

d) Leg pain with or without back pain of greater than 6 morfdsiration, partially or completely

relieved by adopting flexed posture and who are suitable candidates for posterior lumbar surgery

e) Gompleted at ast 6 months of conservative treatment without obtaining adequate symptomatic

relief

f) Degenerative changes at 1 or 2 adjacent levels betweeS1 tonfirmed by MRI scan with one or

more of the following:

decrease in disc height > 50%
annular thickening

degenerative spondylolisthesis up to Meyering grade 1 or less

o O o o

thickening of ligamentum flavum

0) frysically and mentally willing and able to complitmthe postoperative scheduledlinical and

radiographic evaluations.

Exclusion criteria

The followng conditions precluded participation in the trial:
a) Fixed motor deficit
b) Seletalimmaturity

C) Previous lumbar spinal surgery
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d) Obvious signs of psychological or worker compensation or litigation claims elements to their

condition
e) Unwilling or unable to give consent or adhere to the follap programme
f) Active infection or metastatic disease
Q) Non-degenerative spondylolisthesis
h) Degenerative spondylolisthesis > Meyerding Grade 1
i) Known allergy to implant materials
)] Severe osteorosis,rheumatoid arthritisor achondroplasia
k) Cauda equina syndrome

) Acute disc extrusion or sequestered fragments

The above eligibility criteria were designed to remove confounding factors such as significant spondylolisthesis,
scoliosis and osteoporosis that could increase the risk of complications and have an impact on patients' outcome
thus skewing the data and masking the effects of surgery. Participating candidates were required to be eligible for
both operations with no obeus benefit in undergoing one operation or the other. If a patient clearly benefitted
from having a standard laminectomy rather than thest&p, such as in cases of osteoporosis than participation
was not offered. Equally if there were cases for instaotigh anaesthetic risk that would benefit from the

shorter and less invasivestop procedure, these patients were also not offered to participate in the trial.
Preoperative assessment

Patients who met the eligibility criteria and agreed to participate¢he trial underwent a preoperative assessment
for fitness for a general anaesthetic. Aptatelet drugs and anitoagulants were stopped 7 days prior to surgery
in Centre 1 and 3 but this was not trust policy in Centre 2. Patients with multipieodaidities who were deemed
to be at increased risk (ASA grade 3 or more) were referredrfaairmesthetic review for optimagion prior to

surgery.
Follow up

Routine follow up 6 weeks and then 6 months after surgery was organised for all participantsa$ liisline with
standard NHS follow up. After 12 months and 24 months, patients were contacted by phone or sent a postal set of

guestionnaires
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Compliance and Withdrawal of participants

Each participant was asked to complete each questionmaeeperatively, anytime between recruitment and
surgery, and again after six months, one year and two years. Participation was voluntary and every participant had

the option to withdraw at any time.
Adverse Events

TheWHOdefines a adverse event as amndesirableoccurrence in a patient or study subjexgsociated with
the use of any medical produbtt not necessarily causally relat€this is considered as a serious adverse event
when it results in death, disdlly, prolonged hospital stay, congenlidefectsor if it necessitates intervention to

prevent permanent effectqwho-umc.org).

Study Measures

The primary outcome measure was ce$tectiveness therefore the main outcome measures were quality of life
and cost. Quality of life was measurnasing qualityadjusted lifeyears (QALYSs), based on EuroQol§BQuitility
index (United Kingdom, time traeeff tariff) measured at baseline, 6 months, 12 months and 2 years. Cost was

measured per patient episodes detailed below

In the CELAX study tfglowing PROMS were used:
General Health

1)EQ5D* and

2) The 3dtem short form health survey (SF36)

*The UK weighted scoring algorithm was used to interpret data.

Disease specific
1) Zurich Claudication Questionnaire (ZCQ),
2) Oswestry Disability Index (ODI) and

3) Quebec Back Pain Disability Scale (QBPDS).
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The choice of these PROMS was based on the instruments used by the NICE guidelines to measure outcomes in LSS

(ODI and ZCQ) and on several health economic studies@#&i&'s are calculated (EQ5D and SF36).

Cost Calculations

Cost details wergrovided by the cosaccountantdrom the finance department of each centre. The detailed costs
per patient wereavailablefor Centre 1 ashis hospitalusesthe PLICS database for reimbursement. CeBtamd
Centre3 only use HRGs to receive their income and therefore they could not provide patient level details of cost.
Thesehospitak getpaid the same amount for all patient®ded undethe sameHRG which isbased orthe

national tariff for that operatiorcorrected with the marketing force factor for that centre

This means that what the hospitspendst 2 NJ | s kjlellisidBfgfaitQovhat the hospitabetsreimbursed For
instance the cost of the XStopdevice is not included in the coding for the insertion of an interspinous delvice.
addition, the OPCS for a laminectomy operation (V254) and-8tojX insertion (V281) are grouped under the
same HRG code (HC63) which means thé amsountants cannot tell the difference between the two operations
financially.Since charges and fees differ from real cost, the price for operating theatre time per minute and the
price per day of admission was used to estimate the cost per patiEns was also donso asto standardise cost

estimation between the different centres.

Each patient also had an additional cost of being included in the clinical negligence scheme which also varies
according to the trust. The data was given as a cost umitiwwas then given a monetary value which varied

according to the financial year. All costs were expressed in 2008 GBP (£)

The following were the prices given for 2010 with the adjusted marketing force factor. An adjustment of 2%

inflation per year was sed:

Centre 1

Operating time £17.98/min, Admission £188.16/day
Centre 2

Operating time £16.79/min, Admission £175.61/day
Centre 3

Operating time £14.99/min, Admission £156.80/day
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Cost per minute for theatre time includes theatre staff, medical staff and overheads related to the@terd.
Costs were given as cost per bed da@his includes ward nursing staff and overhead costs related to wérds.

does not include however, mediktstaff costs.

The cost of the X6top device was £2605 which was added on to the total cost of-h®X patients. This was

doubled in patients who had two levels operated on.

Secondary Measures

In addition, the following measures were recorded ppestively; thetre time, length of stay, postperative

complications and adverse events.

Theatre time was considered from arrival to the anaesthetic room to departure. This was because the cost of
theatre time does not distinguish between operating tilswed anaesthetic time. Length of stay was measured in
whole days spent in hospital peeperatively including day aiperation and day oflischargeherefore 24 hours

counts as one dayComplications and adverse events were recorded from the case notesaamdollow up visits.

Postoperative imaging is not routinely obtained in the NHS following-ingstrumented spine surgery. Therefore,
CELAX patients did not undergo pogerative MRI scans unless there were reported problems such as ongoing or
worsening symptoms. For this reason, radiological changes in canal diameter andaraunmal height were not

measured. The outcomes of the CELAX trial were all clinical, subjective, patient responses.
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Statistical Analysis

Analysis was performed withoth the intention to treat principleand astreated principle Preoperative dita was
checked for normality. The main analysis was to look for a significant difference between the quality of life at

baseline and at 24 monttefter surgerybetween the two operations.

The twosample Wilcoxon rarkum (ManAWhitney) testwas used to check for any significant variation between
the baseline scores of the two groupSince the data was not normally distributed, the Amarametricpaired

Wilcoxon signedank testwas used to check faignificancebetween the baseline and the peeperative scores.
A general linearegressiomrmodel was usetb assess the effect of othg@redictorvariableson outcome

QALYs were calculated using tirea under the curve method by plotting the quality of life utility indmser the
study time pointsv ! [ ., Q& 3JIFAYSR FyR 02aid LISNI v!I[, 6SNB OFft Odz I (¢

based on their last EQ5D response.
The costeffectiveness ratio was calculated by compariihg mean cost per QALY of both operations.

All analyses were performed using STATA 14 and Microsoft Excel for Mac.

63



Results

Out of approximately1000 referral letters screene@n estimated300 patients were reviewelly myselfin one of
the threetrial clinics 6n average 3 new patients a week for two yeafsotal of fifty-six patients were found to
meet the criteria for inclusion in the CELAX trial and were offered to participate. -iogypatients were
randomised and 7 opted for conservative tremnt. Twentyseven were randoméd to a Lumbar laminectomy
and twenty two were randomised to the Xtop arm. Of these, twentgix had a laminectomy and twentne had
an xstop insertion.(Fg. 13) Three patients died during the study period due to unrelated causes. @GBiepX

patient decided to withdraw after 6 months and one laminectomy patient was lost to contact.

Patient characteristics
The age range was 486. Eighteen were female and 28ales.(Table 3)Radicular symptoms were present in

78.7% and 74.5% also complained of back pain. LSS was confirmed with MRI findings. Spondylolisthesis was
present in 6 patients (5X-Stop, 1¢ Laminectomy). No statistically significant intergroup d#feces were noted in

the presence of canorbidities, severity of symptoms and number of treated levels, however musculoskeletal co
morbidities were more frequent in the-Xtop group (10 vs 2). Grade | spondylolisthesis was also more prevalent in

the XStopgroup (5 vs 1). The mean poperative scores of the ZCQ questionnaire were slightly worse in-the X

Stop arm (73.3%-%top vs 70.1% laminectomy for symptom seve(dlijf 2.84, SE 3.7pand 66.78% vs 60.48% for
physical functioningdiff 8.6, SE 4)8

Surgical treatment and complications
The mean surgical time for the laminectomy group was 121.78 minutes (SD 37,.28#ti€1 104.37min) and for

the Xstop group 65.85 minutes (SD 20.84m@5%CIl 5&5min). An unpaired Student-t€st showed that the
operation time was significantly longer for the laminectomy group (T score = 6). Sixteen out of th&t@fp X
operations were carried out by a consultant whereas only 8 laminectomies were carried out by a consultant. None
of the patients required a blood transfion. There wereno perioperative deaths. Peoperative and post
operative complications are listed in Table 5. There were 5 complications in the laminectomy group and in two of
the XStop patients, giving a total complication rate of 14.89%. Reoperaicurred in 5 patients within the study
period; 4 of the reoperations were for removal of thestdp and decompression at the same level. The other
reoperation was for CSF leak repair post laminectomy. In total, there were five cross overs froiBitpeakn to

the laminectomy arm, four were due to4@perations and one was due to breakage of the spinous process during

insertion of the spacer.

The average length of stay in hospital was 4.176 days for t8&oX group (20 days) and 4.26 days for
laminectomy (:15 days). The distribution of the length of stay was similar in the two greigbsthe majority of
patients being discharged the following dg6%laminectomy group vd3% XStop group)(Fg. 21 b) There was

one complication per group that rakted in a prolonged length of stay and therefore increased the mean to 4 days
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Adverse Events
Laminectomy group n =
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x1 Myocardal infarction a few hours post op, requiring emergency stenting

x1 CSF leak post op requiring antibiotics andperation for repair

X-Stop group n=

x1 Spinous process fracture during insertion, procedure converted to laminectomy

x1 Prolonged hospitatay due to severe back pain

7 Excluded*

2 Withdrawals

w

R y2

56 Eligible

49 Randomised

26 Laminectomy

1 death

1 lost to follow up

2 deaths
1 lost to follow up

Figure 13; Flow diagram depicting the enrolment proce@s? patients opted for conservative treatmefiwo patients

withdrew after randomisation but prior to surgery. Three patients died®p, 1 laminectomy), one-stop withdrew after 6

months and one laminectomy was lost to follow up.)
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Nonadherence to treatment

Seven patients were recruited into the tribut did not reach the randomédion stage as they changed their mind
about surgery and decided to opt folon-surgical treatment. One patient withdrew from the study after being
randomised to the Laminectomy arm and sought thetdp device insertion privately. Another patient who was

randomised to the »Stop arm did not go ahead with the trial as th&dpwas not available on the day of surgery.
(Fig. 13

Of the 21 patients who were underwent-sfop insertion, one patient refused to complete the follow up
guestionnaires beyond the six months. One patient from the 26 who underwent a laminectomy was oo f
up after surgery. This patient also had an Ml in the early-ppstative period and was transferred to the cardiac

services. Contact was lost from then onwards.

Two patients from the >Stop arm and one from the laminectomy ardied during the studyperiod due to
unrelated causes. At each time point after recruitment there was no obvious difference between the rates of

missing data and drop outs between the two arms.

Operated patients:

Centre Laminectomy X-Stop
NHNN 9 9
ST'G 11 8
HWP 6 4
Total 26 21
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A)

LAMINECTOMY GROUPR 86

X-STOP GROUP N =21

DEMOGRAPHIC
CHARACTERISTICS

AGE RANGE

MEAN AGE

MALE / FEMALE
COMORBIDITIES
HYPERTENSION
RESPIRATORY
DIABETES
OBESITY(BMI >30)
CARDIOVASCULAR
SMOKER
MUSCULOSKELETAL
EMPLOYMENT

BASELINE CHARACTHES

NUMBER OF OPERATEIVELS 16 Single, 8 two levels, 2 three

L2/3
L3/4
L4/5
L5/S1

51-84
| 69
17179
9 nil, 9 minor, 8 serious/multiple
8(31%)
2(8%)
3(12%)
1(4%)
8(31%)
2(8%)
2(8%)
No 23, Yes 3

levels

2

13
20

0

SPONDYLOLISTHESIBMR1 1

47-86

70

12/9

7 nil, 5 minor, 10 serious/multiple
5(24%)
2(10%)
2(10%)
2(10%)
7(33.3%)
1(5%)
10(48%)

No 19, Yes 3

15 single, 6 two levels

1
11
14
1
5
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B)

PREOP SCORES

MEAN LAMINECTOMY X-STOP
QUALITY OF LIFE ‘
EQS5D Diff (SE)
TTO SCORE (UK) 1 0.298 0.202 -0.096 (0.102)
BEST IMAGINABLE HEMAL 66.6 52.63
STATUS
SF36
PHYSICAL FUNCTIONING 26.6 21.31
ROLE PHYSICAL 22 13.15
BODILY PAIN 30 24.89
GENERAL HEALTH 57 55.89
VITALITY 45.4 39.21
SOCIAL FUNCTIONING 56.5 37.5
ROLE EMOTIONAL 51.99 35.07
MENTAL HEALTH 67.52 57.47
DISEASE SPECIFIC
ZCQ
SYMPTOM SEVERITY 70.46% 73.31% 2.84(3.79)
PHYSICAL FUNCTION 58.17% 66.78% 8.6(4.8)
oDl 43.25% 48.99% 5.74(4.88)
QBPDS 58.18% 64.32%

Table 3cA) Summary of Demographics and Patient Characteristics at Baseline. B) Meaopprative scores.

None of the questionnaires had preoperative scores which were significantly different between the two groups
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Operative results
Laminectomy

-Sto¥

Operating Timemean (min)

121.78 65.%

(SD 37.27 95%CI 1087min) | (SD 20.84min 95%CI36)

Length of Staymean (days)

4.26(SD 3.64) 3.8 (SD 4.12)

Total Costtheatre time (£)

1970.03(SD 581.88)

1112.08(SD 498.15)

Total Cost; Admission (£) 741.77(SD 707.72) 686.92(SD 791.03)
Complications (No.) 5(19.2%) 2(9.5%)
Seniority of Surgeon 8 consultant 18 Spr 16 consultant 5 Spr

Table 4¢ Operativeresults for the two surgical arms; Laminectomy aneS¥op

Surgical Arm Complications Total (%)
Laminectomy X 3 dural tears 5 (19.2%)
X 1 CSF leak requiring further
admission and reoperation
X 1 Ml post op
X-Stop X 1 worsening back pain 2 (9.52%)
immediatelypost op
X 1 break in spinous process
Total 7 (14.89%)

Table5ch LISNJ G A PFS O2YLX AOFGA2YVaA
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Results Laminectomy Vs$top Intention to treat analysig Mean scores

SF36
Bodily pain
Physical
function

EQ5D
Pvalue

ZCQ
Symptom
severity
Physical
function
Satisfaction

QBPD

ODI

Preop

Laminectomy | Xstop

30

26.6

0.29

70.1

60.5

N/A

58.2

44.9

24.9

21.3

0.20

73.3

66.8

N/A

64.3

48.9

6 months

Laminectomy | Xstop

42.2

41.8

0.47

0.04

57.3

48.2

54.5

44.5

37.1

42.6

42.3

0.45

0.006

57.1

54.9

56.9

49.8

37.1

lyear

Laminectomy | Xstop

43.7

41.8

0.53

0.002

57.3

50.3

58.6

55.3

42.1

51

47.9

0.41

0.39

51.5

46.4

47.3

44.5

30.5

2 years

Laminectomy | Xstop

43.5

39.1

0.58

0.00(8

59.3

56.9

59.6

59.2

44.4

49.5

42.9

0.45

0.07

57.8

48.5

52.7

41.4

37.5

Table 6 Mean scores for General Health and Déss Specific QuestionnairesP valuesndicate difference from baseline.
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Primary Outcomes

EQ5D Scores

Below & a box and whisker ploFig.14) showing the distribution of the EQ5D TTO scores between the two groups.
The preoperative scores are slightly worse in theés¥p group howevethe mean scores become more similar
over time.

Fi@@

o]
v

[ xstop [ Laminectom .
| P Y | Baseline 6 months

=5
I‘?7 ‘q_ -
o - o .

|_ XStop [ Laminectomy | 12 months

24 months

Figure 14; Comparison of EQ5D scores betwdenLaminectomy and-%top groups at baseline, 6 months, 12 months and at
24 monthsThe Yaxis represents the EQ5D score which ranges betv@eg®4 (worst health) to 1 (full health).
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Figure 15 below is a schematic representation which showslitebution of replies to the EQ5D questionnaires

at different time points. The preperative scores show a similar distribution in replies between the two surgical

arms which is what is expected with randomisation. However, t$¢0g group have slightly 2 NB& S

OF NBQ®

3 02-NB a

I-dperafv® 8nmeEpoint Jeleliare no scores of 3 (green bars) for mobility in both groups. In

general, there is an increase in the size of the blue bars post operatively most significant inntbett

postoperative period but maintained throughout the study period. There was no statistically significant difference

between the preop TTO scores of the two groups.

Anxiety/depressiond

Pain+

EQ5D

Usual activitiesH
Self care

Mobility -

pre-op

Anxiety/depressiond

Pain+

EQ5D

Usual activities+
Self care=

Mobility 4

X-Stop

Laminectomy

post op 12

X-Stop

Laminectomy

]
M2
!

ms
|
N

Anxiety/depressiond

Pain+

EQ5D

Usual activitiesH
Self careq

Mobility

post op 6

Anxiety/depression-
PainA

Usual activities

EQ5D

Self careq

Mobility

X-Stop

Laminectomy

post op 24

X-Stop

Laminectomy

|3
| W
| [

s
| Wi
[ |8

Figure 15 Detailed scores of EQ5D¢ | do not have any problemsc2 have some problem8, | have severe problems.
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A

Two-sample Wilcoxon ranrkum (MannWhitney) test

Operation obs Rank sum expected
Laminectomy 26 641 624

X-Stop 21 487 504
combined 1128

Null hypothesis: EQ5D pre op Laminectomy = EQ5D preStppX

Probability
B

Figure 16; A) Histogram showing the distribution of scores. The data is not normally distributed and therefore the Mann
Whitney Test was ugeto compare preperative dataB).
There was no statistically significant difference in the preoperative scores between the two groups.

73















































































































