
ISBN 978-82-326-7122-9 (trykt utg.)
ISBN 978-82-326-7121-2 (elektr. utg.)

ISSN 1503-8181 (trykt utg.)
ISSN 2703-8084 (online ver.)

Doktoravhandlinger ved NTNU, 2023:210

Ole Kristian Alhaug

Lumbar spinal stenosis,

assessing failure and worsening

after surgery. Identifying

predictive factors with critical

use of data from a national

spine registry (NORspine).

D
o

k
to

ra
vh

a
n

d
lin

g

N
T
N
U

N
o

rg
e

s 
te

k
n

is
k
-n

a
tu

rv
it

e
n

sk
a

p
e

lig
e

 u
n

iv
e

rs
it

e
t

A
vh

a
n

d
lin

g
 f

o
r 

g
ra

d
e

n
p

h
ilo

so
p

h
ia

e
 d

o
ct

o
r

F
a

k
u

lt
e

t 
fo

r 
m

e
d

is
in

 o
g

 h
e

ls
e

vi
te

n
sk

a
p

In
st

it
u

tt
 f

o
r 

n
e

vr
o

m
e

d
is

in
 o

g
 b

e
ve

g
e

ls
e

sv
it

e
n

sk
a

p

ISBN 978-82-326-7078-9 (printed ver.)
ISBN 978-82-326-7077-2 (electronic ver.)

ISSN 1503-8181 (printed ver.)
ISSN 2703-8084 (online ver.)

Doctoral theses at NTNU, 2023:188

Mostafa Barani

Reliability Studies in
Information and
Communication Technology-
dominated Distribution
Systems

Adequacy Assessment of Cyber-Physical
Distribution Networks Including Microgrids

D
oc

to
ra

l t
he

si
s

D
octoral theses at N

TN
U

, 2023:188
M

ostafa Barani

N
TN

U
N

or
w

eg
ia

n 
U

ni
ve

rs
ity

 o
f S

ci
en

ce
 a

nd
 T

ec
hn

ol
og

y
Th

es
is

 fo
r t

he
 D

eg
re

e 
of

Ph
ilo

so
ph

ia
e 

D
oc

to
r

Fa
cu

lty
 o

f I
nf

or
m

at
io

n 
Te

ch
no

lo
gy

 a
nd

 E
le

ct
ric

al
En

gi
ne

er
in

g
D

ep
ar

tm
en

t o
f E

le
ct

ric
 P

ow
er

 E
ng

in
ee

rin
g

O
le Kristian Alhaug

D
octoral theses at N

TN
U

, 2023:210 





Ole Kristian Alhaug

Lumbar spinal stenosis, 
assessing failure and worsening 
after surgery. Identifying 
predictive factors with critical 
use of data from a national 
spine registry (NORspine).

Avhandling for graden philosophiae doctor

Trondheim, August 2023

Norges teknisk-naturvitenskapelige universitet
Fakultet for medisin og helsevitenskap
Institutt for nevromedisin og bevegelsesvitenskap



NTNU
Norges teknisk-naturvitenskapelige universitet

Avhandling for graden philosophiae doctor

Fakultet for medisin og helsevitenskap
Institutt for nevromedisin og bevegelsesvitenskap

© Ole Kristian Alhaug

ISBN 978-82-326-7122-9 (trykt utg.)
ISBN 978-82-326-7121-2 (elektr. utg.)
ISSN 1503-8181 (trykt utg.)
ISSN 2703-8084 (online ver.)

Doktoravhandlinger ved NTNU, 2023:210

Trykket av NTNU Grafisk senter



1 
 

 

 

 
Ph.D. dissertation 

 
 
 

Lumbar spinal stenosis, assessing failure and 
worsening after surgery. Identifying predictive factors 
with critical use of data from a national spine registry 

(NORspine). 
 
 
 
 
 
 
 
 
 
 

Ole Kristian Alhaug 
 

  



2 
 

Table of contents 
 

1 Acknowledgements .............................................................................................................................. 4 

2 Abstract ................................................................................................................................................ 6 

2.1 Norsk sammendrag ....................................................................................................................... 6 

2.2 English abstract ............................................................................................................................. 8 

3 Lists ..................................................................................................................................................... 10 

3.1 List of papers ............................................................................................................................... 10 

3.2 List of abbreviations .................................................................................................................... 11 

3.3 Project group ............................................................................................................................... 12 

4 Introduction - why the thesis? ........................................................................................................... 13 

4.1 Background lumbar spinal stenosis ............................................................................................. 13 

4.2 Anatomy ...................................................................................................................................... 13 

4.3 Epidemilogy ................................................................................................................................. 17 

4.4 Diagnostics................................................................................................................................... 17 

4.5 Treatment .................................................................................................................................... 19 

4.6 Evaluation of outcomes ............................................................................................................... 24 

4.7 Registry data ................................................................................................................................ 28 

5 Aims of the thesis ............................................................................................................................... 29 

6. Patients and methods........................................................................................................................ 30 

6.1 Study design ................................................................................................................................ 30 

6.2 Patients ........................................................................................................................................ 30 

6.3 Statistics....................................................................................................................................... 33 

6.4 Etichs ........................................................................................................................................... 36 

7 RESULTS .............................................................................................................................................. 37 

7.1 Overall results .............................................................................................................................. 37 

7.2 Results paper 1 (data accuracy in NORspine) .............................................................................. 38 

7.3 Results paper 2 (characteristics of non-responders) .................................................................. 40 

7.4 Results paper 3 (criteria for failure) ............................................................................................ 42 

7.5 Results paper 4 (dural tear) ......................................................................................................... 43 

7.6 Results paper 5 (predictors for failure) ....................................................................................... 45 

8 DISCUSSION ........................................................................................................................................ 48 

8.1 Study design and registry data ..................................................................................................... 48 

8.2 Study population and overall results ........................................................................................... 50 



3 
 

8.3 Paper 1 (data accuracy in NORspine) .......................................................................................... 51 

8.4  Paper 2 (characteristics of non-responders) .............................................................................. 54 

8.5 Paper 3 (criteria for failure) ......................................................................................................... 56 

8.6 Paper 4 (dural tear) ..................................................................................................................... 61 

8.7 Paper 5 (predictors for failure) .................................................................................................... 63 

8.8 Future implications ...................................................................................................................... 67 

9 Conclusions ......................................................................................................................................... 68 

10 References ........................................................................................................................................ 69 

11 Appendix ........................................................................................................................................... 81 

12 Original papers ................................................................................................................................. 99 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4 
 

1 Acknowledgements 

 
We started planning this work in the autumn of 2016, applying for funding and formal approvals 

from the authorities. My mentor Greger Lønne already had many research questions about lumbar 

spinal stenosis patients. As an excellent researcher and experienced clinician with a broad network 

within the spine community, he supported my application. Innlandet Hospital Trust was always 

supportive and flexible in making this PhD possible.  

After starting the work in the autumn of 2018, it became clear that the entire study group was skilled 

and more supportive than I had ever hoped. Dr Filip Dolatowski always answers all types of 

questions. Dr Tore Solberg has outstanding competence in medical research. As head of the 

NORspine registry, he has been central in all phases of this project. Professor Milada Cvarkcova and 

statistician Jurate Saltyte Benth have been of unevaluable help in planning and performing the 

statistics. Dr Ivar Austevoll was originally not a part of the study group, but as an experienced spine 

researcher, he has been of great help from the beginning. Ivar had first-hand experience with some 

of the topics in my thesis. Dr Simran Kaur joined the group to assist in some of the studies and wrote 

one of the articles; her enthusiasm is truly inspiring.  

As a clinician working in a team at a large hospital, I always rely on my colleagues. Working part-time 

at the hospital has forced my colleagues to take a more significant part of the clinical workload for 

many years. I hope my interest in spine surgery and research has had some effect on the daily work 

and enthusiasm, but this can never justify the enormous effort my clinical colleagues have made to 

make my studies possible.   

Early in my PhD education, I was lucky to be invited to one of the research groups in Innlandet 

Hospital Trust; the Research Centre for Age-related Functional Decline and Disease. This group 

consists of a variety of new and experienced PhD students, post-docs, and experienced senior 

researchers. This environment has been of great importance to me; the opportunity to discuss 

challenges with peer PhD students or more experienced ones has been rewarding. The social aspect 

of joining a research centre was also essential.   

Research is not 9 to 5 work, sometimes it can be quiet, and sometimes everything comes as a crash 

simultaneously (courses, deadlines, and revisions). I have spent many nights, many weekends and 

many holidays working on this project, and this would never have been possible without the support 



5 
 

of my family. Liv, Arn, Ask and Eir, you have my most heart-filled thanks for standing out with me 

during these years. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6 
 

2 Abstract 
 

2.1 Norsk sammendrag 
 

Spinal stenose er en vanlig lidelse som skyldes trang ryggmargskanal og karakteriseres av smerter i 

rygg og bein og redusert gangfunksjon. Operasjon er ofte nødvendig og spinal stenose er den 

hyppigste årsaken til ryggkirurgi i Norge (3, 23). Resultatene etter kirurgi er noe sprikende: de fleste 

blir bedre, noen blir ikke bedre, og enkelte blir verre (5, 6, 7).  

Det er utfordrende å måle resultat etter behandling for smertetilstander fordi det ikke finnes klare 

konkrete endepunkt. Pasient-rapporterte resultater er sentrale, man kan bruke smerteskalar eller 

spørreskjema på funksjon og livskvalitet. Fortolkning av svar i skala-form kan være krevende, det 

fordres en viss endring på skalaene for at endringen skal være klinisk relevant. Man kan lette 

fortolkningen med å lage kategorier der pasientene klassifiseres som enten bedre, uendret eller 

verre. 

Vi har brukt data fra Norsk kvalitetsregister for ryggkirurgi og analysert pasienter operert for spinal 

stenose. Registeret inneholder data om pasientforhold og plager før operasjon, operasjonstekniske 

forhold og resultater 3-og 12 måneder etter operasjon.  Gjennom dette har vi tilegnet oss ny 

kunnskap om spinal stenose pasienter. 

Registerdata er beheftet med flere usikkerhetsområder, mange pasienter faller fra og svarer ikke på 

oppfølgingene, og data kan i tillegg bli feilregistrert. Vi har derfor undersøkt kvaliteten på 

registerdata som ble brukt i denne doktorgradsavhandlingen.  

Det er kjent at ikke alle pasienter blir kvitt plagene etter kirurgi for spinal stenose, og vi fant at om lag 

20% rapporterte at plagene var uendret eller verre etter kirurgi. Videre fant vi de grenseverdiene 

som definerte mislykket kirurgi (uendret eller verre) og forverring på de mest brukte skalaene med 

størst nøyaktighet.  

Vi testet samsvar av registerdata ved å kontrollere opp mot journaldata og fant at datakvaliteten i 

registeret var vekslende. Pasientrapporterte data og operasjonstekniske faktorer hadde høyt 

samsvar, mens andre helseforhold og komplikasjoner hadde dårligere samsvar med 

pasientjournalen. Pasienter som ikke svarte på oppfølgingsskjemaer fra registeret skilte seg noe fra 

de som svarte; de var litt yngre og oftere røykere. Resultatene etter operasjon var like i de to 

gruppene.  
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Den vanligste komplikasjonen til kirurgi for spinal stenose er rift på nervehinnen, dette medfører 

lekkasje av spinalvæske, eksponering av nervetråder og noen ganger behov for reoperasjon og 

forlenger sengeleie. Vi fant noe dårligere resultater etter operasjon hos pasienter som fikk rift på 

nervehinnen.  

Det kan være vanskelig å beslutte om kirurgi er riktig for den enkelte pasient. Vi identifiserte noen 

faktorer som øker risikoen for mislykket kirurgi og forverring (alder over 70 år, tidligere ryggkirurgi og 

ryggsmerter over 12 mnd., samt noen sosioøkonomiske variabler). Disse faktorene kan bidra til bedre 

pasient informasjon og slik gi støtte til beslutning om operasjon eller ikke operasjon.   

Vi håper våre resultater er nyttige for klinikere og at de bidrar til bedre informasjon til pasienter samt 

gode behandlingsvalg. Vi håper også resultatene kan gi grunnlag for videre forskning på ryggkirurgi.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8 
 

2.2 English abstract 

 
 
Background 

Results after surgery for lumbar spinal stenosis (LSS) vary; most patients improve, but some 

do not, and some even worsen. Some patients also suffer from complications. Previous 

studies have identified certain factors that may predict outcomes after surgery for LSS. 

Development in surgical technique may have reached a ceiling because new techniques fail 

to prove better; this emphasizes focus on careful patient selection to improve the overall 

results. 

National medical registries collect a large number of data and reflect daily practice. Because 

of the large number of participants, registry studies are optimal for studying complications 

of surgery. However, registry data are vulnerable to wrong recordings and loss of follow-up. 

Hence, registry data should be assessed for bias before conclusions are drawn. 

 

Methods 

We reviewed patients operated on for LSS in Norway for ten years (2007-2017). 

Prospectively collected data from the NORspine registry was the foundation of the 

observational studies included in the thesis. We also supplemented registry data with data 

from patient records and performed a cross-sectional study.  

We included patients treated over two years from four hospitals to assess data accuracy. 

Data was re-captured from electronic patient records, and we assessed the agreement 

between the two data sources using kappa statistics. 

To assess potential bias due to loss to follow-up, we compared baseline variables between 

patients completing follow-up and those who did not. We also contacted patients lost to 

follow-up to see if they reported different clinical outcomes. We used simple descriptive 

statistics and compared baseline data and clinical outcomes between the groups with 

student T-tests.  

We defined criteria for failure and worsening using a transition scale (Global Perceived Effect 

(GPE)) as an external anchor and receiver operating characteristic (ROC) curve analyses to 

identify the best cut-offs on PROMs commonly used to assess the effect of spine surgery. 

We also studied if a dural tear affected the clinical outcome, defined as failure or worsening, 

using logistic regression analyses and adjusting for possible confounding factors.  
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Finally, we tried to identify variables that could predict failure and worsening using multiple 

logistic regression analyses with the cut-offs identified earlier in our project. We selected 

baseline variables with acceptable accuracy according to an early part of our project. 

 

Results 

The study population comprised 11873 patients, and 8919 (75%) completed 12 months of 

follow-up. We reviewed 474 patient records to assess NORspine accuracy and the impact of 

loss to follow-up.  

Patient-recorded variables and surgeon-reported surgical details displayed moderate to 

good accuracy; however, surgeon-reported complications and comorbidity were 

underreported. Patients lost to follow-up were younger and, more often, were smokers. 

However, there were no statistically significant differences in clinical outcomes. 

The following PROM cut-offs most accurately defined patient-reported failure (and 

worsening): ODI final score of more than 31 (39), ODI percentage improvement of less than 

20% (9%) and ODI improvement of less than 8 (4) points. These cut-offs had good to 

excellent accuracies (AUC= 0.86-0.91). 

Dural tears occurred in nearly 5%. Patients who suffered a dural tear increased the odds of 

failure (and worsening) with an odds ratio of 1,45 (1,50). 

After LSS surgery, a proportion of 33 % was defined as failure and 22 % as worse. Age over 

70 years, previous spinal surgery, and duration of back pain over 12 months were essential 

baseline variables associated with failure and worsening (Odds ratio 1,85 – 2,21); 

socioeconomic factors also affected the odds for failure and worsening (OR 1,26 – 1,67). 

 

Conclusions 

There are concerns regarding data quality in the spine registry; data should be used and 

interpreted with care. Patients lost to follow-up reported similar clinical outcomes as those 

who completed follow-up, and missing data from loss to follow-up can most likely be treated 

as missing at random. Cut-offs for failure and worsening are accurate and can be used in 

future research and clinical work. LSS patients over 70 years, with previous spine surgery and 

duration of back pain over 12 months, had increased odds for failure and worsening; this 

could aid in patient selection.  
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4 Introduction - why the thesis?  

 
4.1 Background lumbar spinal stenosis 
 

Lumbar Spinal Stenosis (LSS) is a common disorder contributing to a large proportion of all spinal 

surgery (1, 2). The prevalence of clinical LSS is estimated to be 11 % and increases with age (3, 4). The 

clinical results after surgery vary; 62-75% report success (5, 6, 7, 8, 9, 10, 11). Former studies have 

focused on success and improvement, although a considerable proportion of patients do not 

improve, and some get worse or experience complications from surgery. Furthermore, spinal surgery 

imposes high costs on society. Avoiding unnecessary surgery is essential; hence, optimizing patient 

selection is central. From this point of view, there is a need to explore non-success after surgery for 

LSS. Which patients are at risk of failure or worsening? What is the significance of surgical 

complications? 

Medical registries have become more important in clinical research during the last decades. 

However, the quality of registry data must be high to minimize the risk of bias; possible pitfalls are 

low coverage, poor completeness, high loss of follow-up, and compromised accuracy and reliability. 

Some quality domains are well explored, but others need systematic investigation. 

In this thesis, we aimed to explore failure after surgery for LSS using registry data. A critical review of 

the data we used in the clinical observational studies was natural; was NORspine data sufficient to 

answer our research questions? 

 

 

 

4.2 Anatomy 
 

The lumbar spine consists of five vertebrae connected by soft tissue (intervertebral disc, ligaments), 

joints (facet joints), and musculature; hence, the spine is a flexible and long structure. The nerves 

pass through a canal posterior to the vertebral bodies; the canal is partly made of bone and partly of 

soft tissue, and the standard diameter is 15-23mm (12). The neural structures lie within the thecal 

sac, surrounded by a membrane, the dura.  
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According to an evidence-based guideline from 2013 and clinical guidelines for LSS published by the 

North American Spine Society in 2011, LSS is a disorder where degenerative changes in the spine 

narrow the spinal canal and compromise the nerves and vascular structures (13. 14). LSS is a 

progressive disorder involving all types of tissue in the spine (15). Degeneration leads to ticker 

ligaments, and ligament hypertrophy is “the main aetiology” of LSS (16); a degenerative ligament 

consists of a lower proportion of elastic fibres and more fibrotic tissue (17). As part of the 

degeneration, the height of the intervertebral discs decreases, and the intervertebral discs and 

ligaments can bulge into the spinal canal (Figure 1, 2, 3). As the disc height decrease, the facet joints 

become incongruent and can develop osteoarthritis and exostoses. The joint capsule and exostoses 

can also bulge into the spinal canal, compressing the nerves. Furthermore, the joint capsule can 

develop cysts that can compromise the nerve roots. Additionally, vertebral fractures (osteoporotic or 

traumatic) can lead to deformation of the spinal canal with less space for the nerves. 

LSS causes neurologic symptoms in the legs, such as pain, numbness, and weakness. LSS often result 

in decreased walking capability, and LSS can cause back pain. The spine's position is essential as 

extending the spine (standing or walking) leads to a narrower spinal canal and more symptoms. On 

the contrary, flexing forward results in an increased space in the spinal canal and relieves symptoms 

(18). 

 

 

Figure 1. Saggital MRI of a lumbar spine with LSS in some segments. (All MRI images are used with 

the allowance from the radiologic department at Akershus University Hospital). VB = Vertebral body, 

D = Intervertebral disc, DS = Dural sac, SP = Spinous process, LF = Ligamentum flavum, F = Fascia, SF= 

Subcutaneous fat, FJ = Facet joint, PM = Psoas muscle, ESM = Erector spinae muscle. 
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Figure 2. Transverse view (axial) of the lumbar spine in MRI in an asymptomatic segment; the cross-

sectional area for the dural sac (DS) is slightly reduced but still sufficient. VB = Vertebral body, D = 

Intervertebral disc, DS = Dural sac, SP = Spinous process, LF = Ligamentum flavum, F = Fascia, SF= 

Subcutaneous fat, FJ = Facet joint, PM = Psoas muscle, ESM = Erector spinae muscle. 

 

 

 

 

Figure 3. Transverse view (axial) of the lumbar spine in MRI in a stenotic segment; the area of the 

dural sac (DS) is restricted by thicker ligamentum flavum (LF) and osteophytes from the facet joints 

(FJ). VB = Vertebral body, D = Intervertebral disc, DS = Dural sac, SP = Spinous process, LF = 

Ligamentum flavum, F = Fascia, SF= Subcutaneous fat, FJ = Facet joint, PM = Psoas muscle, ESM = 

Erector spinae muscle. 
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Different types of LSS 

The nerve roots run through different parts of the spinal canal. All the nerve fibres run vertically 

through the central spinal canal. Nerve filaments form nerve roots laterally in the spinal canal, often 

termed the subarticular recess. When emerging from the spinal canal, the nerve roots pass through 

the neural foramina in a more horizontal direction. The nerve structures can be affected in all these 

places. Central stenosis is the typical spinal stenosis with bilateral leg symptoms; several nerve roots 

are often affected. The lateral subarticular recess stenosis can result in symptoms from a specific 

nerve root and may be one (or two) sided. The foraminal stenosis affects single nerve roots and is 

often one-sided. Foraminal stenosis is often associated with structural deformity at the affected 

spinal segment, such as spondylolysis, spondylolisthesis, or degenerative scoliosis. 

Some uncommon types of LSS that are not primarily caused by age-related degeneration. Congenital 

stenosis typically develops from a narrow canal due to short pedicles in patients between 30-60 

years. Lipomatosis refers to a pathologically increased volume of epidural fat in the spinal canal, 

compromising the nerves and resulting in symptoms of spinal stenosis. Other rare disorders, such as 

acromegaly and Paget's disease, may also be associated with narrowing the spinal canal and LSS. 

 

The exact pathophysiological mechanism of LSS remains unknown; however, two main theories have 

been suggested.  

(1) Olmarker examined porcine nerve roots in the1980s-the 1990s and found a decrease in blood 

flow, impairing nutrition to the nerve tissue when introducing pressure on the cauda equine (19, 20). 

A review article from Katz from 2008 supports this vascular mechanism view, pointing to the 

reversibility of symptoms (21). The ischemia may be accompanied by venous congestion of the 

epidural veins located in the spinal canal. 

(2) Another theory points to the development of structural changes in the nerves. Sekiguchi 

performed rat experiments implanting silicon spacers in the spinal canal. They reported 

demyelination associated with pressure on the nerves; however, no allodynia was associated with 

demyelination (22). The authors point to apoptosis (cell death) in the dorsal root ganglia as a possible 

pain mechanism. Other structural changes can be oedema, fibrosis, and axonal degeneration. These 

structural changes are not reversible; while symptoms of LSS usually are reversible, the structural 

changes in the nerves might contribute to failure after surgery for LSS (i.e. patients still suffering from 

LSS symptoms even after surgical decompression). 
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4.3 Epidemilogy  
 

The prevalence of LSS is difficult to estimate. Different estimates for clinical LSS and radiologic LSS 

are proposed. A systematic review from 2020 found a pooled prevalence of clinical LSS of 11%; 

however, they also reported high risks for bias in two-thirds of the studies (3). Another study found a 

prevalence of radiologic LSS of 9 %, increasing with age to 47 % over 60 years (4). The progressive 

pathological degeneration described above supports the increasing prevalence with increasing age. 

LSS has become the most frequent indication for spinal surgery (1, 2). The NORspine records about 

2000 LSS operations annually (2587 in 2021); this estimates that 0.05% of the total population is 

operated for LSS annually. The coverage of the NORspine registry is only about 80 %; hence, this 

probably underestimates the total surgical activity (23). A Swiss study reported about 1400 

decompression operations yearly in a population of 1.3 million inhabitants (about 0.1% of the 

population operated annually) (24). 

 

 

4.4 Diagnostics 
 

4.4.1 Patient history  

The spinal canal's space changes with the spine's position, and the symptoms often vary accordingly. 

The typical LSS patient experiences symptoms when standing or walking (spine extended). The 

symptoms may include buttock pain, radiating leg pain, numbness, and weakness of the legs. The 

walking distance is typically reduced to a few hundred meters, and "neurogenic claudication" refers 

to this phenomenon as the patients take breaks to relieve pain. Bending forward, sitting down, 

leaning over a shopping cart, and bicycling alleviate symptoms as this can increase the spinal canal's 

cross-sectional area and the space for the neural structures (13, 18, 21, 25). 

 

4.4.2 Clinical examination  

There is no specific clinical test to diagnose LSS, and neurologic clinical findings are uncommon. 

Clinical examination is most helpful to exclude other diagnoses (hip osteoarthritis, vascular 

claudication, neuropathy, trochanteric bursitis). The North American Spine Society clinical guidelines 
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found insufficient evidence to make recommendations for or against specific clinical findings to 

diagnose LSS (14). 

 

4.4.3 Radiologic evaluation 

MRI is considered the gold standard for radiological examination of LSS as it provides an excellent 

presentation of both the bony canal and the tissues limiting the spinal canal and the nerve structures 

(13, 14). MRI helps to confirm the diagnosis of LSS and to exclude other possible causes of back and 

leg pain (26). However, the correlation between the severity of symptoms and the degree of spinal 

stenosis on MRI is weak (13, 27, 28, 29). Furthermore, 20% of individuals over 60 years may have 

radiological findings of LSS despite suffering no symptoms (26, 30). MRI might be contradicted for 

patients with implants such as pacemakers; CT or CT myelography are good alternatives for these 

patients. 

The width of the spinal canal can be measured by antero-posterior diameter (AP diameter), or the 

cross-sectional area of the spinal canal can be quantified (Dural sac cross-sectional area (DSCA)) (31). 

A cross-sectional area under 70 mm2 has been defined as absolute spinal stenosis and an area 

between 70 and 100 mm2 as relative spinal stenosis (32). A qualitative classification with grading 

according to dural sac morphology has also been suggested, the Shizas classification (33). 

LSS is not easy to evaluate by plain x-ray films. Injecting a contrast medium into the spinal canal 

(radiculography) displays more of the spinal canal and neural foramina. Computer tomography (CT) 

displays the spinal canal quite well (focusing on the bony canal), and the visualization of neural 

structures can be further enhanced by spinal injection of contrast medium resulting in a CT 

myelography to visualize the space in the spinal canal. CT and x-ray (CT myelography or 

radiculography) are used when MRI is contraindicated or when positional or dynamic imaging is 

necessary. 

Neurophysiological examination has not been shown to add value in diagnosing LSS, and the NASS 

guidelines do not recommend neurophysiological examination (14). 

In conclusion, the diagnosis of LSS is challenging; it is a clinical diagnosis supported by radiologic 

findings (26, 34).   
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4.5 Treatment 

 

LSS can be treated conservatively or surgically. There is a paucity of evidence regarding the natural 

course of LSS; an expert consensus stated that natural history could be favourable in about 30-50% of 

LSS patients (13). A Cochrane review from 2016 states that the evidence is too sparse to conclude 

which is best; surgical or non-surgical treatment (35). 

 

4.5.1 Conservative treatment 

Amundsen showed that half the patients (n=50) selected for conservative treatment had excellent or 

fair results after four years (36). Weinstein reported an improvement in a non-surgical group (ODI 

improved by 9.3 points) at two years follow-up (37). Guidelines from 2013 advise conservative 

treatment for patients with mild symptoms (13). Conservative treatment includes physiotherapy, 

orthosis, pain medication, and injections. However, there is a lack of evidence to make specific 

recommendations among these treatments (13, 38). A review from 2016 found no conservative 

treatment superior to another (39).  

 

A lumbosacral corset might increase the walking distance (13). Pharmaceutical treatment includes 

standard pain medications such as NSAIDs and Paracetamol. In addition, Gabapentin/Pregabalin may 

be used to alleviate neuropathic pain. However, no study has compared medical therapy to the 

placebo; there is insufficient evidence to recommend pharmacological treatment for LSS as the 

reported effect can be the natural history of LSS (13, 14). The most recent review found low quality 

of evidence regarding the effect of oral medications (40). Epidural corticoid injections may relieve leg 

pain in the short term (13, 14, 41); however, the updated Cochrane review found that injections 

were ineffective (40). 

 

When we planned this thesis, there was insufficient evidence to make recommendations for or 

against physical therapy according to two systematic reviews from 2013 and the clinical guidelines 

from North American Spine Society (13, 14, 42). However, during our project period, a recently 

updated systematic review reported moderate evidence for a multimodal approach, including 

manual therapy and exercise (40). A Norwegian multicenter RCT comparing conservative treatment 

(physiotherapy) to surgical treatment for LSS (Physical Therapy vs Surgical Decompression for Lumbar 

Spinal Stenosis) was started in 2020, but no results have been published yet (43).  
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In conclusion, there is a need for further research on conservative treatment for LSS. There is 

moderate evidence that a combination of manual therapy and exercise may be effective, no other 

conservative treatment has been shown to have an effect in the long term, and evidence is of low 

quality (41). 

 

 

 

 

4.5.2 Surgical treatment – history and development 

Verbiest first described LSS in 1954, and the first lumbar discectomy was described in 1909 by Krause 

and Oppenheim (44, 45). Early surgery included a rather extensive removal of spinal processes and 

laminae, i.e. laminectomy (Figure 4). Such extensive resection could destabilize the spine 

mechanically and damage muscle tissue (46). To minimize surgical trauma, Yasargil and Caspar 

independently developed a microsurgical interlaminar approach in 1977 (47, 48). The less invasive 

surgical approaches reduced the soft tissue damage and aimed to preserve the structural stability of 

the spine (5, 49, 50, 51). 

The development of technical aids such as loupes and microscopes has driven spinal surgery towards 

mini-invasive surgery (MIS), where most stabilizing structures are preserved and only the tissue 

compromising the neural structures is removed. One of the most used techniques today is “Cross 

over” (“over the top” )- decompression, a technique where both recesses may be decompressed 

through a lesser unilateral approach by tilting the operating table and using visual aids (Figure 4). 

Parallel to the technical development, spine registries have shown promising clinical results using 

modern techniques (cross-over aided by microscope). A recent RCT compared three different 

minimally invasive surgical techniques for decompression (Cross over, bilateral laminotomy, and 

spinous process osteotomy), finding no differences in clinical outcome (49). 
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Figure 4: Three different surgical techniques for decompression of the lumbar spine, laminectomy, 

bilateral laminotomy and cross-over decompression. 

 

 

4.5.3 Surgical treatment – current practice 

Surgical treatment consists of decompression of the nerves in the spinal canal by removing some of 

the constricting tissue. MIS techniques are the most popular, yet open laminectomy is still 

performed. Visual aids are commonly used (23). An RCT from 2008 showed that surgery was more 

effective than conservative treatment; the surgical group reported an improvement in the Oswestry 

disability index (ODI) of 20.5 points compared to 9.3 points for the non-surgical group (37). 

Amundsen also found better results for patients randomized to surgery (vs conservative) in a small 

study from 2000 (36). Several studies have assessed the effect of surgical treatment, and between 62 

and 75% of the patients report good results (5, 6, 7, 8, 9, 10, 11). The guidelines from 2013 stated 

that decompressive surgery improves outcomes in both the short and long term in patients with 

moderate or severe LSS symptoms (13). The NASS guidelines recommend surgical treatment based 

on “fair” evidence for short-term effects and “poor” evidence for long-term effects (14).  

However, a systemic review from 2016 concluded that evidence that supports surgical treatment is 

insufficient; the authors called for trials on surgery vs sham surgery for LSS (52). Currently, one such 

trial is ongoing (no results have so far been published) (53). Some literature on LSS is old (from the 

1990s and early 2000), and the surgical technique is constantly developing. The literature should be 

read in the context of the different technical eras. 

Surgical treatment always involves risks. The most common perioperative complication is an 

unintended tear in the membrane covering the nerves in the spinal canal, a dural tear, with an 

incidence of 4-10% (54, 55, 56, 57, 58, 59). Other known complications are neural damage resulting 

in a neurologic deficit, postoperative hematoma, wound infection, and general surgical complications 

such as urinary tract infection, pneumonia, venous thromboembolism and ileus (60, 61). 
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Decompression can be supplemented with fusion; however, the benefit of additional fusion is 

debated. Several observational studies and one RCT have not reported any benefit of adding fusion 

to decompression, even in patients with a degenerative slippage (62, 63, 64). The NASS guidelines 

found fair evidence to recommend decompression alone (without fusion) for patients without 

instability (14). During our study period, an additional RCT showed decompression alone as non-

inferior to decompression with fusion (65). There are differences in surgical practice concerning 

fusion between countries, yet no differences in clinical outcomes have been reported (i.e., fusion is 

more common in the USA than in the Nordic countries) (66, 67).  

Patients with foraminal stenosis make up a small subgroup of LSS patients. The narrowing around the 

exiting nerveroot is often caused by loss of disc height or slippage that results in axial compression of 

the nerve root between the pedicles or one pedicle and the intervertebral disc. Decompression may 

not be sufficient to relieve the pressure. Patients with foraminal stenosis need consideration of 

different surgical approaches; fusion is one alternative. 

 

4.5.4 Surgical treatment - future perspective 

The latest technical development is endoscopic decompression, using only 5 mm skin incisions and 

surgically developing a space inside the spinal canal. Percutaneous procedures for disc herniations 

started in 1975 and developed in parallel with orthopaedic arthroscopic surgery using arthroscopic 

gear in the late 1980s and with saline water in the early 2000s (68, 69, 70). Dr S Ruetten widened the 

indications for endoscopic spine surgery during the 2000s to include LSS (51, 71). The endoscopic 

method is technically demanding, has a long learning curve, and has not yet been proven superior to 

classic surgery (72, 73, 74). However, complication rates may be inferior in endoscopic 

decompression (74).  

Other alternative surgical techniques have been tested without lasting sound clinical effects. 

Interspinous devices aim to indirectly increase the space in the spinal canal by lifting the spinal 

segment between two spinous processes in a small operation. The procedure showed clinical effect 

but was associated with higher reoperation rates and total health care costs than decompression. 

This procedure was found improper for treating LSS; hence this technique has been abounded (75, 

76). 3D-printed patient-specific cut guides to assist decompression have also been tested in a 

cadaveric study and showed no additional benefit when tested by experienced surgeons (77). 
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4.5.4  Surgical treatment – patient selection 

The surgical development seems to have reached a limit where further technical development halts 

or does not improve the results after surgery further. The results after LSS surgery are only 

satisfactory for some patients. Even if 62-75% report significant improvement, some patients do not 

improve after surgery; hence, surgery might not benefit all LSS patients (5, 6, 7, 8, 9, 10, 11). 

Furthermore, some patients deteriorate after surgery, and some may suffer from complications; 

reducing the number of unnecessary and inefficient operations is essential. Indications for surgical 

treatment for disorders with pain and functional disability are often only relative. Indications must be 

thoroughly considered, possibly using higher thresholds for surgery than in other life-threatening 

diseases (i.e. cancer, infections, trauma). Careful patient selection and shared decision-making are 

mandatory to avoid overtreatment and have gained more focus in recent years. Sound evidence-

based information about the expected result, including individualized chances for success, failure, 

and complications, should guide the decision. 

 

Many studies have looked into predictors for success after surgery for LSS, evaluating the predictive 

value of different clinical and socioeconomic variables. Typical predictors of outcome after spinal 

surgery that have been reported are age, preoperative level of disability, smoking, working status, 

income, and level of education (6, 7, 8, 10, 11, 78). The predictors may vary with spinal diagnosis, 

procedures and populations across different parts of the world. We aimed to explore non-success and 

the predictors for failure and worsening after surgery for LSS in Norway. 
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4.6 Evaluation of outcomes  
 
 

4.6.1 Clinical outcomes 

Evaluating the effect of treatment for disorders dominated by pain and disability is a central 

question, primarily how to assess the impact of surgical treatment on pain. In contrast to other 

surgical treated diseases (i.e., cancer, infection, fracture), there are no obvious hard clinical 

outcomes in LSS (i.e. 5-year survival, infection eradicated, fracture healed). There is no objective way 

to measure the effect after surgery for LSS; i.e., MRI can display the area in the spinal canal after 

surgery, but this is not well correlated with the clinical result (27). The sensation and experience of 

pain depend on several factors, i.e., psychological status, mood, and social situation (79). Gender also 

affects pain perception and disability (80, 81, 82).  

Over the last decades, the assessment of surgical outcomes has altered from doctor-centred and 

radiological measures to patient-centred (83). Patient-reported outcome measures (PROM) have 

been developed to measure these subjective symptoms and has become the gold standard for 

evaluating clinical result after spine surgery. PROMs are multidimensional questionnaires that 

provide information about pain, disability and health-related quality of living; prospectively collected 

PROMs can assess treatment effectiveness. 

 

PROM instruments in spine surgery have been thoroughly explored and perform well for different 

spine diagnoses (84, 85). Although inferior methodical quality according to the Newcastle Ottawa 

scale, PROMs are recommended as outcome measures in spine surgery (86, 87). A combination of a 

general PROM measuring life quality, organ-specific PROMs measuring spine-related disability, and 

pain scales is essential and advised in spine surgery (88). Return to work is also a relevant tool, but as 

patients suffering from LSS often are old and retired, return to work is not that central in the LSS 

population.  

 

The Norwegian Registry for Spine Surgery (NORspine) uses the most widely used PROMs in spine 

surgery – Oswestry Disability Index (ODI), and Numeric Rating Scale (NRS) for back - and leg pain, and 

EuroQoL5 Dimensions (EQ-5D) for measuring the quality of life (88, 89, 90). This choice is supported 

by the IMMPACT recommendation from a consensus meeting regarding the assessment of treatment 

effect for chronic pain; they recommend using at least two of the following; pain intensity (NRS), 

physical function (multidimensional scales), emotional functioning and overall improvement 

(transitional scale) (91). 
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The Oswestry Disability Index (ODI) is a disease-specific PROM; it is a validated and widely used 

PROM in spine surgery. ODI has been translated into Norwegian and tested for psychometric 

properties (84, 92). Although initially designed for low back pain (LBP), it is the most widely used in 

LSS (93, 94). The ODI PROM consist of ten questions answered between 1 and 5. The total score is 

calculated based on the questions answered and will be between 0 (no disability) and 100 (bed 

bound). Population-based data indicate a normative mean ODI of 8.8 for adults (95). Other PROMs 

for spine disorders exist and are used although not as widely (Roland Morris disability index, Zurich 

claudication questionnaire (Swiss spinal stenosis questionnaire, SSSQ)) (96, 97). Criticism has been 

raised against using ODI in LSS since it was developed for LBP (98). However, the problem with LSS-

specific PROMS (i.e., SSSQ) is that they are not generalizable for all degenerative spine disorders; 

hence they are problematic to use in general spine registries (99). The Norwegian ODI form is shown 

in the appendix (appendix 1).  

 

EQ-5D is a generic measure of health-related quality of life. This PROM is based on five questions, 

and the total score is calculated using a specific algorithm. The total score is between -0.59 (“worse 

than dead”) and 1.00 (“full health”) (90, 100). The Norwegian EQ-5D form is shown in the appendix, 

Appendix 2). 

 

The numeric Rating Scale (NRS) for pain (back pain and leg pain) uses scales from zero (no pain) to 

ten (worst pain) to quantify pain in either the back or in the leg; this scale is validated and widely 

used (85, 91, 101). The Norwegian NRS form is shown in the appendix (Appendix 3). 

 

In addition to PROMs measuring the status at a specific time, transitional scales add valuable 

information and can serve as anchors regarding the effect of treatment. Global Perceived Effect 

(GPE) scale is a measure of health transition. The GPE scale is a seven step-scale (1=worse than ever, 

2 = much worse, 3 = somewhat worse, 4 = unchanged, 5 = somewhat better, 6 = much better, and 7 = 

completely recovered) (102). The Norwegian GPE scale is shown in the appendix (Appendix 4). 

 

There are some essential considerations using PROMs as outcome variables; the instrument should 

be valid and reliable, meaning the instrument should measure correctly what we intend to measure, 

and the results should be identical when measurements are repeated. Furthermore, the scales 

should be calibrated to measure in the relevant clinical area, i.e. without floor - or ceiling effects. A 

lack of focus on these aspects could result in information bias. The PROMs are often continuous 

variables, and the distribution is essential; it has implications for statistical methods as some 

methods require a natural distribution.  
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Another vital issue using registry data is the size of the registry and the possibility of revealing 

statistically significant findings that are of no clinical importance. There are two types of error in 

research, type 1 and 2. Type 1 error is to detect a difference between groups that do not exist in the 

broader population (false positive). The p-value is set to minimize the risk of type 1 error, a p-value of 

0.05 means there is a 5 % chance that a detected difference is a false positive difference. Type 2 

error describes the risk of not detecting a difference in the study population that exists in the larger 

population (false negative) and is a question of statistical power. In registry studies, both error types 

are rare since the study population is ideally the same as the total population. Medical registries can 

reveal statistical differences that are clinically irrelevant; hence, the effect estimates and confidence 

intervals are more interesting than the p-values (103). 

 

A common way to handle these challenges is to categorize the outcome measure; however, defining 

clinically relevant change – i.e., does an ODI improvement from 30 to 25 mean this patient has had a 

relevant clinical improvement? – can be problematic. Patients can perceive and weigh the different 

items in the PROM instrument (ODI) differently. A concept of minimum clinically important 

difference (MCID) has been established; this refers to the change in the PROM score necessary to 

describe a meaningful clinical improvement (104). The MCID could be considerably higher than the 

minimal detectable change (MDC), especially in large study populations. Different values for MCID 

for ODI have been reported between 8-20 (84, 105, 106, 107, 108.). Different cut-offs for success 

have also been reported at 22-24 points in the final ODI (109, 110). Dichotomous clinical outcome, 

defined by specific cut-offs, makes calculations of proportions and risks of a particular outcome 

possible. Categorical outcomes could also be easier to communicate with patients. The GPE scale had 

a categorical design originally. 

 

There are several ways to calculate the change in the PROM score. One can consider only the follow-

up value, irrespectively of the baseline value, i.e., Patient acceptable symptom state (PASS), or one 

can calculate different change scores, either numeric change (follow-up score – preoperative score) 

or percentage change (change / preoperative score). A percentage change of 30% improvement from 

baseline was considered clinically meaningful at a consensus in 2008 (107). A systematic review from 

2021 explored this topic: the definition of MCID and methods to identify MCID cut-offs (111). They 

advised higher MCID for surgical conditions. 
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A central point of using MCID and cut-off values is that they only apply to individual differences and 

not to mean differences for groups of patients (91). When comparing groups, analyses according to 

MCID or cut-offs might camouflage clinically relevant differences for some patients.  

Success criteria for ODI score after spinal surgery, such as PASS score, MCID, or percentage change, 

have been explored; however, criteria for failure and worsening are not well explored (109, 110). A 

Norwegian study on LSS patients used an increase in ODI of 8 points - equal to the MCID for ODI - to 

define failure/worsening (78). The assumption that MCID for deterioration would be equal to 

improvement is not founded on scientific evidence. Another Norwegian study explored failure cut-

offs using an external anchor, but only for patients suffering from disc herniations (112). We focused 

on failure after surgery for LSS and aimed to identify the most accurate PROMs that defined failure 

and to calculate the cut-offs for this patient group in Norway. 

   

 

4.6.2  Complications 

Spinal surgery implies a risk for complications; elderly patients have reduced physiological reserves 

and are prone to infections, postoperative hematoma, micturition problems and venous thrombosis. 

The most common perioperative complication in LSS surgery is an incidental dural tear (ID), a 

laceration of the membrane that covers the nerves in the spinal canal. Former studies have shown 

higher postoperative ODI scores among patients that suffered an ID compared to those that did not, 

although the difference between the groups was minor and below the MCID (58). An ID may involve 

exposition of nerve filaments and leakage of cerebrospinal fluid. A repair of the dura with suture may 

damage the nerve filaments. Also, continuous cerebrospinal fluid leakage after closure may 

necessitate several days of bed rest. Hence, we expect that ID may lead to inferior results.  

 

Some methodological issues should be considered when studying the impact of ID on PROM after LSS 

surgery. Utilizing MCID on a group level might be misleading as patients exposed to the factor 

examined (ID), although not clinically affected, will pull the mean score in a neutral direction. 

Therefore, categorical outcomes may be more appropriate to use than mean values when assessing 

the impact of a complication on a particular outcome. A categorical outcome allow us to calculate 

the proportions of patients with a particular outcome. To explore the difference between continuous 

and categorical outcomes, we aimed to examine the effect of ID on clinical outcomes both as a 

categorical outcome using the GPE scale and on a continuous outcome using ODI.  
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4.7 Registry data 

 

Medical registries have grown in popularity over the years. They provide large patient populations 

and reflect everyday practice in several surgical units; hence they report the effectiveness of the 

treatment in the entire population (ideally, no selection bias) (103, 113, 114). Furthermore, registry-

based studies supplement results from more narrow studies, i.e., RCTs, as registry-based studies 

provide high external validity. Moreover, registries also have the population size and statistical 

power to analyze rare events such as complications (114, 115).  

 

Most medical registries face common challenges. High coverage (the proportion of reporting treating 

centres) and completeness (the proportion of eligible patients registered) are essential to optimize 

external validity and minimize the risk of selection bias. Loss to follow-up is also a relevant problem 

in medical registries; patients not responding may introduce an attrition bias when considering 

clinical outcomes, and follow-up rates of 60-80% are recommended (88). Several studies have 

explored loss to follow-up in spine registries and report some differences in baseline data between 

patients who respond compared to those who do not. However, similar clinical outcomes are 

reported by responders and non-responders (116. 117, 118). This has implications on how to handle 

missing data, as data missing at random can be analyzed differently than data missing not at random. 

The NORspine registry analyzed loss to follow up in a study from 2011 (116). However, the data used 

was from 2004 and from one single treatment centre. We found it essential to repeat the analyses of 

non-responders since the NORspine has developed into a national registry during the last decade. 

 

NORspine is designed so that patients and surgeons complete different parts of the data set. As many 

different persons provide the registry data, data can be misclassified. Inaccurate entries in the 

registry might introduce information bias (103). A recent study reported low to moderate data 

accuracy in a spine registry (German spine society (DWG)) and advised against using data from this 

registry (119). NORspine conducts a data quality assessment every second year, and a former control 

identified the following problematic variables: ASA classifications, comorbidities and reoperations 

(120). Data quality is a paramount concern, and we aimed to explore the accuracy of registry data in 

NORspine; this is important when reporting and interpreting results based on registry data. Data from 

NORspine is the basis for this thesis.  
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5 Aims of the thesis 

 

Our primary goals were to explore failure and worsening after surgery for LSS using NORspine data 

and to identify predictors for failure and worsening that could assist in patient information and 

help in patient selection with an emphasis on shared decision-making. 

 

5.1 Aims paper 1 (data accuracy in NORspine). 

Assess data quality (accuracy and agreement) of the NORspine registry. Which variables are 

sufficiently accurate to use in data analyses? 

 

5.2 Aims paper 2 (characteristics of non-responders). 

Examine if loss to follow-up introduces attrition bias that may affect the assumption of clinical 

outcome.  

 

5.3 Aims paper 3 (criteria for failure). 

Identify the most accurate cut-offs for typical PROMs that define failure and worsening after surgery 

for LSS. 

 

5.4 Aims paper 4 (dural tear). 

Examine the effect of incidental dural tear on clinical outcomes, using both categorical and 

continuous outcomes.  

 

5.5 Aims paper 5 (predictors for failure). 

Identify and quantify predictors for failure and worsening after surgery for LSS in Norway. 
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6. Patients and methods  

 
6.1 Study design 
 

This thesis is based on retrospective analyses of prospectively collected data in a national spine 

registry. Paper 1 was a cross-sectional study. 

 

6.2 Patients 

 

6.2.1 NORspine database 

NORspine was established in 2000 as a local spine registry at the University hospital in Northern 

Norway (UNN). It developed into a national spine registry in 2007 and is central to research and 

health administration in Norway. In Norway, all treating centres are obliged to participate in the 

registry. However, the NORspine is based on informed consent by the patients; all patients receive 

and sign an information sheet before inclusion. The exclusion criteria in NORspine are age under 18, 

insufficient understanding of the Norwegian language, and tumours, fractures and primary infections 

(120).  

A NORspine data set consists of baseline data provided partly by the patients (socioeconomics and 

preoperative symptoms, including ODI score and NRS back –and leg pain; see Appendix 5) and partly 

by the surgeons (previous surgery, comorbidity; see Appendix 6). Spine-related diagnostics and 

surgical details are provided by the surgeons immediately after the surgery; see Appendix 6. The 

patients receive two follow-up forms at three - and twelve months after surgery regarding the clinical 

outcome and complications at three months. These forms record symptom severity, including ODI-

score, NRS back and - leg pain, health-related quality of living (EQ-5D) and clinical improvement using 

the ordinal GPE scale (Appendix 7 and 8).  

The NORspine registry generally has a loss to follow-up of 26% (23). NORspine registry complies with 

most of the recommendations for spine registries proposed by Van Hoof in 2015 (88). Repeated 

spine surgeries are registered as revision surgery if done within three months after the primary 
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surgery and as a completely new case if the reoperation is done later than three months. NORspine 

does not record patients that are treated conservatively. 

 

6.2.2 Patients 

We studied patients operated for LSS registered in NORspine, and included patients treated from 1. 

st January 2007 to 1. st April 2017. We found 11873 patients, and 8919 (75%) answered at 12 months 

follow-up. A flowchart illustrating the study population is displayed in figure 5. 

The selection of patients for our studies was based on diagnosis and surgical procedure to make the 

study population meet the requirements: patients with LSS who received decompressive surgery. 

Additional diagnoses and surgical procedures exist for some patients. 

In the data validation studies (papers 1 and 2), we assessed all LSS patients registered in NORspine 

operated at four hospitals (Akershus University Hospital, Elverum Hospital, Gjøvik Hospital and 

Lillehammer Hospital) during two years (2015 and 2016). We identified 474 patients (12.3% of the 

NORspine population) in the validation studies. 

 

 

 

Figure 5:  Flowchart of the total study population, displaying subgroups for paper 1 and 2 (data 

accuracy in NORspine and characteristics of non-responders). 
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6.2.3 Surgical methods 

All patients received some type of decompressive surgery. Surgical techniques recorded by the 

NORspine registry were laminectomy or laminotomy (one-sided, two-sided, and “cross over” 

(bilateral decompression by a unilateral surgical approach)). Some patients had an additional fusion. 

 

6.2.4 Data 

In addition to data from the NORspine registry, we collected data from electronic patient records 

(EPR) for paper 1. Data from EPRs were collected using a standard empty NORspine form, and the 

investigators had no access to corresponding data previously recorded in the NORspine. The study 

group selected a set of NORspine variables that could be re-captured from EPRs. Two raters 

independently reviewed the EPRs of 22 patients to estimate inter-observer reliability in our study. 

Supplementary follow-up forms were mailed to a subgroup of non-responders for paper 2. Patients 

who did not complete the 12-month follow-up were contacted by regular mail twice, including one 

additional SMS reminder. 
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6.3 Statistics 

 

We report central tendency in terms of mean (95% CI) for continuous data with normal distribution 

and numbers and proportions (%) for categorical data. We did not impute any missing data. To assess 

selection bias, we did non-responder analyses of baseline characteristics in paper 3 and paper 5, in 

addition to paper 2, as recommended by van Hoof (88). 

All statistical analyses were done with SPSS versions 25 and 26 (IBM Corp. released in 2017. IBM SPSS 

Statistics for Windows, Version 25. Armonk, NY) and MedCalc Software Ltd. relative risk calculator. 

https://www.medcalc.org/calc/relative_risk.php (Version 20.027; accessed March 14, 2022). 

 

Some of the statistical analyses have requirements regarding the data and distribution. The outcome 

variables had a normal distribution. For the logistic regression, the following conditions were met:  

categorical outcome variable, no correlation between the explanatory variables used in the models. 

We also tested for multicollinearity and linear relationship between continuous explanatory variables 

and the logit of the outcome variable. 

 

Paper 1 (data accuracy in NORspine) 

We calculated concordance in terms of agreement when comparing the structured NORspine data 

with EPR data; we also calculated accuracy for dichotomous variables, using EPR as the gold standard 

(Figure 6). We chose to report both accuracy and agreement because certain EPR variables could be 

questioned as reference (e.g., smoking and comorbidity).  

 

 

 

 EPR + EPR - 

NORspine + A B 

NORspine - C D 

 

Figure 6. Table displaying the terms used in accuracy (EPR = Electronic patient records). Sensitivity = 

A/ (A+C), specificity = D/ (B+D), and Proportion Correctly Classified, PCC = A+D / (A+B+C+D). 
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Accuracy was presented as sensitivity and proportion correctly classified. Agreement between 

NORspine and EPRs was assessed by Cohen's kappa (ƙ) or Fleiss weighted kappa (ƙ) for categorical 

variables (dichotomous and ordinal variables (ASA classification was analyzed as an ordinal variable, 

ranging from 1 to 5, in the agreement analysis)). For continuous variables, we calculated the 

intraclass correlation coefficient (ICC) using a two-way mixed model to assess absolute agreement. 

We classified agreement (ƙ-value) as minimal (0.21–0.39), weak (0.40–0.59), moderate (0.60–0.79), 

strong (0.80–0.90) and almost perfect (> 0.90) (121). The agreement, according to ICC (values), was 

classified as poor (< 0.50), moderate (0.50–0.75), strong (0.75–0.90) and excellent (< 0.90) (122). 

Finally, we calculated the prevalence of missing values for each variable. The results are presented as 

point estimates with 95% confidence intervals (CI). 

 

 

 

Paper 2 (characteristics of non-responders) 

 

We performed a separate study on patients lost to follow-up, comparing baseline data and clinical 

outcomes between non-responders and responders. To compare clinical outcomes, we collected 

continuous variables such as ODI, NRS back- and leg pain and one categorized PROM: GPE 

(transitional scale). We analyzed between-group differences by mean difference (95%CI) and Stud T-

test for continuous variables, or relative risk (95%CI) and z-statistics for categorical variables. 

 

 

 

Paper 3 (criteria for failure) 

We defined failure after surgery for LSS as GPE 4-7 (“unchanged” or any degree of worsening) at 12 

months after surgery and worsening as GPE 6-7 (“much worse” and “worse than ever”). These 

categorical outcomes were used as external anchors to identify cut-offs for failure and worsening. 

We used Receiver Operating Characteristics (ROC) analyses for each PROM derivate to identify cut-

off values for failure and worsening. We determined the cut-off with the highest sensitivity and 

specificity using the closest point to the upper left corner of the ROC curve (Figure 9). We calculated 

the areas under the respective curves (AUC) to determine how accurately the PROM derivates 

classified the outcomes as failure vs non-failure and worsening vs non-worsening. AUC values and 



35 
 

corresponding grades of accuracy were interpreted as follows: < 0.7 = poor, 0.7 - 0.8 = fair, 0.8 - 0.9 = 

good, and ≥0.9 = excellent accuracy (123).  

To evaluate the consistency of our results across subgroups, we performed ancillary analyses for age 

and preoperative ODI score quartiles, as well as different surgical treatments (decompression versus 

decompression and fusion). We performed the subgroup analysis only for the failure group, as the 

worsening group was considered too small. 

 

 

Paper 4 (dural tear) 

Primary outcome: To estimate the association between incidental dural tear (ID) and clinical 

outcomes, we used multiple logistic regression with failure and worsening (defined by GPE) as 

dependent variables, ID (yes/no), and potential confounders as independent variables. Based on 

previously published data, we adjusted the primary analysis by the following potential confounders: 

age, gender, BMI, smoking, ASA (dichotomized as grade 1 and 2 vs grade 3, 4, and 5), preoperative 

PROMs, duration of leg pain before surgery, previous surgery (at the same lumbar level), multilevel 

surgery, and fusion (in addition to decompression) (6, 78, 124). The potential confounders were 

decided a priori and not by statistical testing. We provided unadjusted and adjusted estimates for 

odds ratios (OR) with 95% CIs. This is in line with previous recommendations; multivariate methods 

with adjustment for covariates are recommended (88, 89, 125). 

  

Secondary outcomes: To examine the secondary outcomes, we repeated the regression analysis 

using the different dichotomous outcomes (defined by ODI final score, ODI absolute change, and ODI 

percentage change). To quantify the association between ID and the mean ODI final score and NRS 

leg pain score, we used multiple linear regression with ODI final score and NRS leg pain as dependent 

variables, adjusting for the possible confounders. We also analyzed the association between ID and 

length of hospital stay and patient-reported postoperative complications, using multiple linear 

regression and multiple logistic regression, adjusting for possible confounders. 
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Paper 5 (predictors for failure) 

We defined failure and worsening according to our findings in paper 3, with failure as ODI>31 at 12 

months and worsening as ODI>39 at 12 months; ODI score as the primary outcome is recommended 

by van Hoof (88). 

We assessed predictors using uni- and multivariate logistic regression, with backward conditional 

stepwise selection with an entry and removal threshold of 0.01. Failure and worsening were used as 

dependent variables (outcome). Covariates in the predictor analyses were chosen according to 

previous literature: age, gender, smoking, ASA classification, BMI, educational level, civil status, 

Norwegian speakers, disability benefit, former spinal surgery, MRI findings, preoperative ODI score, 

duration of symptoms, multilevel surgery (6, 78, 88, 124). Among the covariate variables, some were 

dichotomized to improve the data-to-model fit and facilitate the interpretation of the analyses (age, 

BMI, ASA classification, and educational level). There was no strong (<0.7) correlation between the 

covariates, and only preoperative ODI had a non-linear relationship to logit failure, as displayed in 

figure 1 in paper 1. There were no statistically significant effects of the interactions between the 

covariates. 

 

 

 

 

 

6.4 Etichs 

 

Participation in the registry is voluntary and includes written consent. The study was also approved 

by The Norwegian Regional Committee for medical and health research ethics ((2017/2157). Data 

protection officers at the involved hospitals for data re-capture (Innlandet Hospital Trust and 

Akershus University Hospital) approved the study. The study was conducted following the Helsinki 

declaration and is presented according to the STROBE statement (126).  
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7 RESULTS 
  

7.1 Overall results 

 

The mean (95%CI) age in the entire study group was 65.8 (65.3-66.0); 52% were female, and 21% 

were ASA class 3 or 4. MRI showed central stenosis in 70%, lateral stenosis in 57% and foraminal 

stenosis in 10%. 25% of the patients had had previous spine surgery, and 75% had had back pain for 

more than 12 months. The mean (95%CI) preoperative ODI was 40 (40-41). 

In the subgroup used in studies 1 and 2, the mean age (95%CI) was 66 (65.3–67.2) years, and 254 

(54%) were females. 26% were ASA class 3-4. 28% had had previous spine surgery, and the 

preoperative ODI score was 41 (40 – 42).  

In the entire study group, the mean (95%CI) ODI 12 months after surgery was 23.9 (23.5 – 24.2), and 

the mean (95%CI) improvement in ODI was 15.9 (15.5 – 16.3) points (paper 5). The distribution of 

preoperative ODI score is displayed in figure 7, ODI scores 12 months after surgery is displayed in 

figure 8. 

 

 

 

Figure 7: Distribution of ODI before surgery for LSS. 
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Figure 8: Distribution of ODI score 12 months after surgery for LSS. 

 

At 12 months follow-up, the outcomes of 1,683 patients (20%) were classified as failures according to 

the GPE (GPE 4-7) and the outcomes of 476 patients (6%) as worse (GPE 6-7) (paper 3). According to 

the ODI final score cut-offs, 2950 (33.2%) patients were categorized as failures, including 1921 

(21.6%) classified as worse 12 months after surgery (paper 5). When we used the ODI change score 

as cut–offs, 2893 (32.8%) reported failure, and 2132 (24.2%) reported worse.  

According to NORspine data, 3.2 % had perioperative complications (paper 1), and 13.7% had 

postoperative complications (paper 4). 

 

 

7.2 Results paper 1 (data accuracy in NORspine) 
 
The total missing data was 0.9% in NORspine and 2.8% in EPRs. For a sample of 22 patients, the 

interrater reliability for the two authors that reviewed EPR variables was almost perfect. 

 



39 
 

Perioperative complications were recorded for 15 patients (3.2%) in NORspine, and 30 patients 

(6.5%) in the EPRs. The agreement between NORspine and EPR for perioperative complications was 

weak (ƙ (95%CI) = 0.51 (0.33–0.69)), the sensitivity for recording a complication (95%CI) was 40% 

(23–58%) (Table 1). Perioperative details (method of decompression, fusion, surgical access, spinal 

level operated) recorded by the surgeon showed moderate to excellent agreement between 

NORspine and EPR (ƙ= 0.76 to 0.98), and high proportions were classified correctly (93–99%), the 

sensitivity for the recording of perioperative details was high (92–99%) (Table 1). Smoking status had 

an almost perfect agreement (ƙ (95%CI) = 0.93 (0.89–0.97)), a proportion correctly classified of 

97.2%, and a sensitivity of 92.0% (Table 1). 

 

Some surgical details, i.e. previous surgery (yes or no), had an almost perfect agreement (ƙ (95%CI) = 

0.93 (0.89–0.97)), a proportion classified correctly of 97.2%, and a sensitivity of 95.8% (Table 1). 

However, the number of previous surgeries showed only moderate agreement (ƙ (95%CI) =0.62 

(0.48–0.75)) (Table 2).  

 

ASA-classification (1-5) showed moderate agreement (ƙ (95%CI) = 0.73 (0.66–0.80)) (Table 2). The 

prevalences of comorbidities differed in the two data sources; NORspine underreported 

comorbidities compared to EPRs. Furthermore, the patients' height, weight, and BMI showed 

excellent agreement between NORspine and EPRs (ICC= 0.99 to 0.99) (Table 2). 

 

 

 

Table 1. Accuracy and agreement of NORspine data for 474 spinal stenosis patients compared to their 
electronic patient records. 

Variable (missing, n) Prevalence * 
n (%) 

PCC** Sensitivity 
(95%CI) 

Kappa (95%CI) *** 

Perioperative complications (11) 30 (6.4%) 96% 40% (23-58) 0.51 (0.33-0.69) 

Previous spinal surgery (14) 120 (26.1%) 97% 96% (92-99) 0.93 (0.89-0.97) 

Additional fusion  51 (10.8%) 99% 94% (88-100) 0.93 (0.88-0.99) 

Access, posterior midline (26)  414 (92.4%) 93% 93% (91-96) 0.19 (0.03-0.35) 

Level L2-3 (14) 74 (16.1%) 99% 99% (96-100) 0.98 (0.95-1.00) 

Level L3-4 (13) 193 (41.9%) 99% 98% (96-100) 0.97 (0.95-0.99) 

Level L4-5 (13) 312 (67.7%) 98% 99% (98-100) 0.95 (0.92-0.98) 

Level L5-S1 (13) 48 (10.4%) 99% 92% (84-100) 0.92 (0.86-0.98) 

Smoking (43)**** 112 (26.0%) 97% 92% (87-97) 0.93 (0.89-0.97) 

*prevalence according to EPR 
** Proportion correctly classified 
***Cohens Kappa 
****Smoking was registered by patients on the preoperative form; the remaining variables were 
registered by the surgeon on the postoperative form. 
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Table 2. Agreement for NORspine data for 474 spinal stenosis patients compared to their electronic 
patient records, ordinal or continuous variables. 

Data source Variable Agreement*  (95%CI) 

Surgeon, postoperative form ASA classification** 0.73(0.66 - 0.80) 

  Number of previous surgeries 0.62 (0.48 – 0.75)*** 

 Number of levels operated 0.91 (0.84 – 0.99) 

 Type of surgery**** 0.90 (0.82 – 0.98) 

 Method of decompression***** 0.76 (0.68 – 0.84) 

Patient, preoperative form Height (centimeters) 0.99 (0.98 - 0.99) 

 Weight (kilograms) 0.99 (0.99 - 0.99) 

 BMI (calculated) 0.99 (0.98 – 0.99) 

*Fleiss weighted kappa for ordinal data, Intraclass correlation coefficient (ICC) for continuous data. 
ICC was calculated using a two-way mixed model and absolute agreement (average measures). 
** ASA: American Society of Anesthesiologists - classification of physical status (1 - 5). Mean ASA 
score was 2.17 in NORspine and 2.14 in EPR. 
***Mean number of previous spine surgeries was 1.29 in NORspine and 1.42 in EPR. 
****Type of surgery was graded as decompression or decompression and fusion.   
*****Decompression options were unilateral foraminotomy, crossover (“over the top”), or bilateral 
foraminotomy.  
 

 

 

 

7.3 Results paper 2 (characteristics of non-responders) 
 

 

In the study group, 140 (30%) of the included patients had not completed 12 months of follow-up 

(non-responders), and 334 (70%) had completed 12 months of follow-up (responders). Of the 140 

non-responders, 17 were not possible to contact (unknown address, moved abroad or deceased); 

hence only 123 were included in the analyses of clinical outcome. Sixty-four patients (52%) returned 

our questionnaires (“responsive non-responders”), while 59 (48%) did not return the forms 

(“resistant non-responders”). 

The non-responders were younger than the responders, 63.0 (95% CI: 61.0-64.9) vs 67.7 (95% CI: 

66.6 – 68.7) years, with a mean difference (95% CI) of 4.7 years (2.59 - 6.74); p=<0.001. Non-

responders were more often smokers compared to responders (41 (30%) vs 70 (21%), RR (95%CI) 

1.40 (1.01 - 1.95); p = 0.044). Furthermore, non-responders had a lower proportion of surgeon-

reported relevant comorbidities compared to responders (93 (69%) vs 243 (78%), RR (95%CI) 0.89 

(0.77 - 1.00); p= 0.047). However, we found no statistically significant difference in ASA classification 
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between the non-responders and responders (the number (%) of ASA grade 1 and 2 was 111 (79%) vs 

242 (72%), RR (95% CI) 1.09 (0.98 to 1.22); p = 0.100). There was no statistically significant difference 

between the non-responders and responders at baseline for the other baseline variables. We found 

no statistically significant difference in the type of surgery received by non-responders and 

responders.  

The median follow-up time for non-responders in our supplementary cross-sectional study was 50 

months, interquartile range of 10 months (min 36 – max 64). We did not find any statistically 

significant difference in mean (95%CI) ODI score between the non-responders and responders 

postoperatively 28.2 (23.2-33.2) vs 25.2 (23.2-27.2), mean difference (95% CI) 2.99 (-2.11 to 8.11); p 

=0.250 (Table 3). We did not find any statistically significant difference between the non-responders 

and responders in other PROMs or proportions reporting success by GPE (63 (70%) vs 330 (79%), RR 

(95%CI) 0.89 (0.75 to 1.06); p = 0.183)) (Table 3).  

We found no statistically significant differences in baseline variables between non-responders 

answering our delayed follow-up (“responsive non-responders”) and non-responders not answering 

(“resistant non-responders”). 

 

 

Table 3. Postoperative clinical outcome for a selection of patients operated for LSS comparing responders and 
non-responders. 
 

Clinical outcome Non-responders. 
Mean (95%CI) / n (%) 

Responders. 
Mean (95%CI / n (%) 

Mean diff (95%CI) or 
relative risk (95%CI) 

p-value 

ODI 28.2 (23.2 to 33.2) 25.2 (23.2 to 27.2) 3.0 (-2.1 to 8.1) 0.250 

NRS back pain 4.62 (3.87 to 5.37) 4.09 (3.77 to 4.41) 0.43 (-0.3 to 1.2) 0.271 

NRS leg pain 4.00 (3.21 to 4.79) 3.84 (3.50 to 4.18) 0.15 (-0.7 to 1.0) 0.719 

Success by GPE* 63 (70%) 263 (79%) 0.89 (0.8 to 1.1) 0.183 

 Success defined as “completely recovered” or “much better” according to Global Perceived Effect 
(GPE) scale. 
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7.4 Results paper 3 (criteria for failure) 
 

An ODI percentage change of less than 20% displayed the highest accuracy in identifying failure 12 

months after surgery. The area under the curve (AUC) (95% CI) was 0.89 (0.88 - 0.90)), sensitivity 

82%, and specificity 81%. An ODI final score of 31 points or more, and an ODI absolute change of less 

than 8 points, also accurately classified failure (AUCs 0.87 and 0.86) (Table 4a).  

 

An ODI final score over 39 points showed excellent accuracy in identifying worsening 12 months after 

surgery. AUC (95%CI) was 0.91 (0.90-0.92) and sensitivity 83%, and specificity 79%). ODI percentage 

change of less than 9% and an ODI absolute change (improvement) of less than 4 points also 

accurately classified worsening (AUCs 0.87 and 0.86) (Table 4b). 

 

Table 4a. PROM accuracy to identify failure (GPE=4-7) and worsening (GPE=6-7) 12 months after surgical 
treatment of spinal stenosis in 8,258 patients. An area under the curve (AUC) > 0.7 indicates acceptable 
sensitivity and specificity. 

  Failure (GPE 4-7) n= 1683/8258 (20%) 

Outcomes n Cut-off AUC (95% CI) sensitivity specificity 

Disability      

ODI final score 8,220 31  0.87 (0.86-0.88) 0.79 0.78 

ODI absolute change  8,174 -8  0.86 (0.86-0.87) 0.78 0.79 

ODI percentage change 8,161 -20% 0.89 (0.88-0.90) 0.82 0.81 

Back Pain      

NRS back pain final 
score 

8,174 5,5 0.87 (0.86-0.88) 0.79 0.81 

NRS back pain absolute 
change 

7,687 -1.5 0.83 (0.82-0.84) 0,80 0,74 

NRS back pain 
percentage change 

7,573 -21% 0.85 (0.84-0.86) 0,81 0,77 

Leg Pain      

NRS leg pain final score 8,067 5.5 0.85 (0.84-0.86) 0,73 0.82 

NRS leg pain absolute 
change  

7,518 -1.5 0.83 (0.82-0.84) 0,77 0,76 

NRS leg pain percentage 
change  

7,398 -24% 0.85 (0.84-0.86) 0,79 0,78 

Quality of Life*      

EQ-5D final score 7,098 0.62 0.86 (0.85-0.87) 0,77 0,77 

EQ-5D absolute change 6,585 0.06 0.79 (0.78-0.81) 0,71 0,76 

The final score was the absolute value at 12 months follow up. The absolute change was the final score 
minus the preoperative score (negative values indicate improvement in ODI and NRS; positive values 
indicate improvement in EQ-5D). The percentage change was the absolute change divided by the 
preoperative score (negative values indicate improvement in ODI and NRS; positive values indicate 
improvement in EQ-5D).  
* EQ-5D percentage change is not meaningful due to a denominator between -0.6 and 1.0 
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Table 4b PROM accuracy to identify failure (GPE=4-7) and worsening (GPE=6-7) 12 months after surgical 
treatment of spinal stenosis in 8,258 patients. An area under the curve (AUC) > 0.7 indicates acceptable 
sensitivity and specificity. 

  Worsening (GPE 6-7) n= 476/8258 (6%) 

Outcomes n Cut-off Cut-off Cut-off Cut-off 

Disability      

ODI final score 8,220 39 0.91 (0.90-0.92) 0.83 0.79 

ODI absolute change  8,174 -4 0.86 (0.85-0.88) 0.77 0.79 

ODI percentage change 8,161 -9% 0.87 (0.86-0.88) 0.80 0.80 

Back Pain      

NRS back pain final 
score 

8,174 6.5 0.90 (0.89-0.91) 0.86 0.82 

NRS back pain absolute 
change 

7,687 -0.5 0.83 (0.81-0.85) 0,78 0,77 

NRS back pain 
percentage change 

7,573 -12% 0.84 (0.82-0.85) 0,82 0,77 

Leg Pain      

NRS leg pain final score 8,067 6.5 0.87 (0.86-0.89) 0,77 0,82 

NRS leg pain absolute 
change  

7,518 -0.5 0.82 (0.81-0.84) 0,72 0,79 

NRS leg pain percentage 
change  

7,398 -13% 0.83 (0.82-0.85) 0,80 0,73 

Quality of Life*      

EQ-5D final score 7,098 0.53 0.90 (0.89-0.92) 0,86 0,81 

EQ-5D absolute change 6,585 0.03 0.81 (0.79-0.83) 0,78 0,74 

The final score was the absolute value at 12 months follow up. The absolute change was the final score 
minus the preoperative score (negative values indicate improvement in ODI and NRS; positive values 
indicate improvement in EQ-5D). The percentage change was the absolute change divided by the 
preoperative score (negative values indicate improvement in ODI and NRS; positive values indicate 
improvement in EQ-5D).  
* EQ-5D percentage change is not meaningful due to a denominator between -0.6 and 1.0 

 

 

 

 

 

7.5 Results paper 4 (dural tear) 
 

Surgeons reported incidental durotomy in 439/8919 cases (4.9%). Patients who suffered an ID more 

often reported failure (adjusted OR (95%CI) 1.45 (1.12 – 1.87); p=0.005) and worsening (adjusted OR 

(95%CI) 1.50 (1.01 – 2.23); p=0.045, compared to patients with no ID (Table 5). Patients who suffered 

an ID during surgery reported a higher ODI score twelve months after surgery than those who did not 
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suffer an ID (ODI (95%CI) = 27.9 (26.2 – 29.6) vs 23.6 (23.3 – 24.0)). This difference remained 

significant after adjusting for possible confounders (beta (95 % CI) = 2.29 (0.58 – 4.00); p=0.009).   

Furthermore, patients who suffered an ID reported more leg pain after surgery compared to patients 

without ID: mean NRS leg pain was 4.2 (3.9 – 4.5) vs 3.5 (3.5 – 3.6); this difference remained 

significant after adjusting for confounders (beta (95%CI) of 0.6 (0.3 – 0.9); p<0.001). Patients with ID 

had longer hospital stays than patients without ID (mean (95 % CI) 5.7(5.2-6.2) vs 3.3 (3.2 – 3.4); this 

difference remained significant after adjusting for confounders (beta (95%CI) 1.58 (1.25-1.92) days; 

p<0.001.  

Among responders at a 3-month follow-up, 1259 (14.2 %) patients reported postoperative 

complications. The corresponding numbers for patients with ID were 105 (23.3 %), and for patients 

without ID, 1154 (13.7 %). Patients with ID had increased odds of urinary tract infection (UTI) after 

surgery (OR (95 % CI) 2.42 (1.53 – 2.73); p<0.001).  

High age, gender (female), former surgery, and multilevel operations were associated with increased 

odds of ID. 

 

Table 5. Multiple logistic regression using «failure»* and “worsening”** at 12 months follow-up as the dependent 
variable and dural tear and potential confounders as covariates. 

 Failure Worsening 

variables OR (95%CI) p-value OR (95%CI) p-value 

Dural tear 1.45 (1.12 – 1.87) 0.005 1.50 (1.01 – 2.23) 0.045 

Age 1.00 (1.00 – 1.01) 0.312 1.00 (0.99  – 1.01) 0.547 

Gender (Female) 0.88 (0.78 – 1.00) 0.043 0.97 (0.78 – 1.20) 0.769 

Body Mass Index (cont) 1.01 (1.00 – 1.03) 0.028 1.00 (0.97 – 1.02) 0.659 

Smoking 1.41 (1.22 – 1.64) 0.000 1.53 (0.93 – 1.54) 0.001 

ASA (3+4+5)*** 1.13 ( 0.97 – 1.31) 0.125 1.20 ( 0.94 – 1.54) 0.153 

Preoperative ODI (cont)**** 1.01 (1.01 – 1.02) 0.000 1.03 (1.02 – 1.04) 0.000 

Preoperative NRS leg pain***** 0.93 (0.89 – 0.96) 0.000 0.96 (0.90 – 1.02) 0.202 

Preoperative NRS back pain***** 1.10 (1.05 – 1.14) 0.000 1.15 (1.07 – 1.24) 0.000 

Duration leg pain >12mts 1.63 (1.43 – 1.87) 0.000 1.54 (1.22 – 1.94) 0.000 

Former surgery at same level 1.92 (1.64 – 2.26) 0.000 1.79 (1.38 – 2.31) 0.000 

More than one level operated  0.90 ( 0.79 – 1.02) 0.092 0.93 ( 0.74 – 1.15) 0.490 

Additional fusion, any type 0.62 (0.51 – 0.75) 0.000 0.61 (0.43 – 0.85) 0.003 

 *Defined as Global Perceived Effect (GPE) 4-7 (unchanged or any degree of worsening) at 12 months 

 **Defined as Global Perceived Effect (GPE) 6+7 (“much worse” or “worse than ever”) at 12 months 

 ***American Society of Anesthesiologists classification (1-5) (grade 3 to 5) 

 ****Oswestry Disability Index (0  -100), increasing for increasing disability 

 *****Numeric Rating Scale (0 -10), increasing for increasing pain 
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7.6 Results paper 5 (predictors for failure) 
 

Failure: Table 6a displays the predictors for failure. The most substantial independent risk factors for 

failure identified in the multivariate model were duration of back pain >12 months (OR=2.17 (1.88 – 

2.50); p<0.001), former spinal surgery (OR=2.21 (1.94 – 2.51); p<0.001) and age >70 years (OR=1.99 

(1.71 – 2.31); p<0.001). Socioeconomic variables, i.e. receiving disability benefits, low educational 

level, not being a native Norwegian speaker, and living alone, all increased the odds of failure (OR 

between 1.34 – 1.66). Variables concerning general health, i.e., smoking, BMI >30, and ASA>2, also 

increased the odds of failure (OR 1.32 – 1.40). Higher preoperative ODI score (spine-related disability 

increased the odds for failure (OR 1.06 (1.05-1.06; p<0.001)). Of the radiological variables, only the 

finding of degenerative olisthesis on x-ray affected the odds for failure with decreased odds (OR=0.76 

((0.64 – 0.89); p<0.001)). 

 

Worsening: Table 6b displays the predictors for worsening. The most substantial independent risk 

factors for worsening identified in the multivariate model were former spinal surgery (OR=2.00 (1.74 

– 2.30); p<0.001), duration of back pain >12 months (OR=1.85 (1.47 – 2.32); p<0.001), and age > 70 

years (OR=1.93 (1.62 – 2.31); p<0.001). Socioeconomic variables, i.e., receiving a disability benefit, 

low educational level, and living alone, increased the odds of worsening (OR between 1.26 – 1.66). 

Variables concerning general health, i.e. BMI >30 and ASA >2, increased the odds of worsening (OR 

1.33 – 1.39). High preoperative ODI score and duration of leg pain > 12 months increased the odds 

for worsening (OR 1.07 – 1.29). None of the preoperative radiological variables influenced the odds 

of worsening. 

 

The proportion of patients that reported failure increased by the number of spinal levels operated 

on. Previous spine surgery increased the odds of failure, but if the previous surgery had been done at 

the same or another level did not matter (48% failures reported by patients who had previously 

received surgery at the same spinal level, compared to 47% for those who were previously operated 

at another spinal level). 
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Table 6a: Logistic regression for 8919 patients operated for lumbar spinal stenosis and registered in NORspine during 
2007-2017, using failure (ODI>31) as dependent variables and potential predictors as explanatory variables 

 Univariate  Multivariate  

Variables OR (95%CI) p-value OR (95%CI) p-value 

Age >70 years 1.50 (1.37 – 1.64) <0.001 1.99 (1.71 – 2.31) <0.001 

Gender (female) 1.44 (1.32 – 1.57) <0.001   

Smoking  1.46 (1.31 - 1.63) <0.001 1.40 (1.21 – 1.62) <0.001 

Body mass index >30  1.54 (1.39 – 1.70) <0.001 1.34 (1.18 – 1.53) <0.001 

ASA grade  >2 * 2.05 (1.85 – 2.28) <0.001 1.34 (1.16 – 1.54)  

Education level below college 1.99 (1.79 – 2.21) <0.001 1.54 (1.35 – 1.75) <0.001 

Civil status, living alone 1.62 (1.46 – 1.78) <0.001 1.33 (1.17 – 1.52) <0.001  

Not Native Norw speakers 1.58 (1.26 – 2.00) <0.001 1.66 (1.23 – 2.23) 0.001 

Disability benefit (all types)** 1.46 (1.33 – 1.60) <0.001 1.67 (1.44 – 1.94) <0.001 

Former lumbar spine surgery (any) 2.26 (2.05 – 2.50) <0.001 2.21 (1.94 – 2.51) <0.001 

MRI central stenosis 1.05 (0.95 – 1.15) 0.358   

MRI lateral stenosis 0.91 (0.83 – 1.00) 0.040   

MRI foraminal stenosis 1.18 (1.02 – 1.36) 0.024   

RF degen olisthesis 0.85 (0.75 – 0.97) 0.013 0.76 (0.64 – 0.89) 0.001 

Pre opr ODI (cont)*** 1.06 (1.06 – 1.07) <0.001 1.06 (1.05 – 1.06) <0.001 

Duration leg pain >12months 1.68 (1.52 – 1.86) <0.001   

Duration backpain >12months 1.87 (1.68 – 2.10) <0.001 2.17 (1.88 – 2.50) <0.001 

Multilevel surgery **** 1.21 (1.11 – 1.33) <0.001   

* ASA = American Society of Anesthesiologists classification (1-5) 
** All types of disability benefit, both full and partly supported 
*** ODI = Oswestry Disability Index (0-100), indicating increasing disability 
**** More than one level operated 
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Table 6b: Logistic regression for 8919 patients operated for lumbar spinal stenosis and registered in NORspine during 
2007-2017, using worsening (ODI>39) as dependent variables and potential predictors as explanatory variables 

 Univariate  Multivariate  

Variables OR (95%CI) p-value OR (95%CI) p-value 

Age >70 years 1.50 (1.36 – 1.66) <0.001 1.93 (1.62 – 2.31) <0.001 

Gender (female) 1.36 (1.23 – 1.51) <0.001   

Smoking  1.52 (1.35 – 1.71) <0.001 1.53 (1.31 – 1.80) <0.001 

Body mass index >30  1.53 (1.36 – 1.71) <0.001 1.33 (1.15 – 1.54) <0.001 

ASA grade  >2 * 2.14 (1.91 – 2.40) <0.001 1.39 (1.19 – 1.62) <0.001 

Education level below college 1.95 (1.72 – 2.21) <0.001 1.51 (1.29 – 1.76) <0.001 

Civil status, living alone 1.52 (1.37 – 1.71) <0.001 1.26 (1.09 – 1.45) 0.002 

Not Native Norw speakers 1.49 (1.16 – 1.92) <0.001   

Disability benefit (all types)** 1.47 (1.32 – 1.63) <0.001 1.66 (1.40 – 1.98) <0.001 

Former lumbar spine surgery (any) 2.19 (1.96 – 2.44) <0.001 2.00 (1.74 – 2.30) <0.001 

MRI central stenosis 1.05 (0.94 – 1.17) 0.428   

MRI lateral stenosis 0.90 (0.81 – 1.00) 0.044   

MRI foraminal stenosis 1.14 (0.97 – 1.34 ) 0.120   

RF degen olisthesis 0.92 (0.80 – 1.06) 0.255   

Pre opr ODI (cont)*** 1.07 (1.07 – 10.7) <0.001 1.07 (1.06 – 1.07) <0.001 

Duration leg pain >12months 1.74 (1.55 – 1.96) <0.001 1.29 (1.06 – 1.56) 0.010 

Duration backpain >12months 1.95 (1.70 – 2.24) <0.001 1.85 (1.47 – 2.32) <0.001 

Multilevel surgery **** 1.19 (1.07 – 1.32) 0.001   

* ASA = American Society of Anesthesiologists classification (1-5) 
** All types of disability benefit, both full and partly supported 
*** ODI = Oswestry Disability Index (0-100), indicating increasing disability 
**** More than one level operated 
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8 DISCUSSION 

 
 

8.1 Study design and registry data 

 

Several national registries for spine surgery have been developed over the last 20 years. A systematic 

review from 2015 identified 25 different spine registries (88). The Scandinavian countries have 

adapted registries early (2). Registry studies rely on prospectively collected data even if the study 

idea and design are retrospective. Medical registries have grown in popularity over the years and 

have some significant advances; they provide large populations that reflect daily practice, results are 

generalizable, and data collection is cheap and quick as data already exists (103, 113, 114). Data are 

collected prospectively (ideally with no recall bias) and by clinicians and patients independent from 

the actual study. 

Furthermore, registry-based studies supplement results from more narrow studies, i.e., RCTs (114, 

115). Even if registry studies are observational in design, registries can collect many variables 

allowing to adjust for confounders. 

 

The main reasons for using registry data to answer our research questions were the possibility of 

studying large populations, as we planned to study complications, and focused on failure and 

worsening with predictors. We thought achieving this in a traditional prospective study would have 

been too difficult; the Norwegian population is spread over a sparsely populated area, and most of 

the treatment centres are small. Additionally, registry design has practical and economic advantages. 

Furthermore, there were already ongoing prospective studies on LSS patients, and we considered 

adding one more project, including more questionnaires, would be a too significant burden on this 

patient group. 

 

There are critics of research on registry data. A systematic review from 2015 concluded that spine 

registries had not improved spinal care (88). The authors pointed out recommendations and that 

registries can show trends, monitor quality and ultimately improve care. The sample size in registry 

studies is essential to have in mind when interpreting the results, as large populations can provide 

statistically significant findings that are not clinically relevant; the effect estimate is more important 

than the p-value.  
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Other concerns when designing registries are how extensive the registry should be, what types of 

data should be recorded and which data sources are appropriate. The wish for data must be 

balanced against the risk of reducing completeness and introducing missing data and the risk of non-

accurate data collection. NORspine has chosen to let the patients complete the form concerning the 

preoperative clinical status and socioeconomic data. The surgeon completes the topics on spinal 

diagnosis, radiological findings and indication for surgery, and the surgical details. The patients 

complete the two follow-ups, which include clinical outcomes (PROMs) and postoperative 

complications. One can question if this is the best way to collect these types of data – surgeons might 

not be sufficiently aware of comorbidity, patients might not be competent to report complications, 

and the patient might be biased by the behaviour of the surgeon and general impression of the 

treatiment centre when scoring the clinical result.   

 

Cybersecurity is an area of increasing interest. Health information can be hacked, lost, stolen or 

changed. A study from 2020 reported that 94% of healthcare organizations had experienced one or 

more cyber attacks (127). Holding health information in two parallel databases (medical registries 

and EPR) and transferring medical information between different sources can increase the risk of 

displaced health information. Ownership of health data registered in medical registries can also be 

discussed. According to the legal considerations, the patient owns her/his information and can 

demand information in EPR changed and information in registries deleted. These are crucial facets of 

research, as trust in society and among patients is paramount to maintaining completeness and 

improving the response rate. Hence, stable and trustworthy organization of medical registries and 

reliable handling of registry data in hospitals are essential.  
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8.2 Study population and overall results 
 

The study population was created with a combination of the diagnosis of LSS and surgical procedure 

decompression. Additional diagnoses and procedures were included, which introduces heterogeneity 

in our population. A heterogenic population could be problematic, but it is also an advantage, as it 

reflects the common everyday practice and improves the external validity of our studies. The 

inclusion period (2007-2017) was set to have 12 months follow-up. 

Baseline data from the study population was a standard LSS population similar to other studies (6, 7, 

11, 37). The preoperative ODI of 40 and the clinical outcome with a mean ODI score of 23.9 and a 

mean change in ODI score of 16 points is also in line with previously reported results (7). 

Preoperative ODI had a normal distribution and no floor or ceiling effect (Figure 7). There was a 

tendency to floor effect 12 months after surgery (Figure 8); this is a known challenge. ODI is reported 

to have difficulty stratifying patients with low functional decline due to a floor effect (128). However, 

the ODI score is a validated and widely used PROM. As we aimed to study failure and worsening, the 

floor effect representing patients with good effects of treatment and low disabilities was not 

considered relevant.  

During our study period, an evaluation of which PROMs are best suited for measuring patients with 

LSS was published; this study preferred the Zurich claudication questionnaire (129). However, we 

used ODI as NORspine recorded this, but we will consider adding ZCQ in future studies on LSS. 

 

 

 

 

 

 

 

 

 

 



51 
 

8.3 Paper 1 (data accuracy in NORspine) 
 

Data quality is paramount in all research; prospective controlled trials (i.e. RCTs) and medical 

registries usually have procedures for ensuring data quality. However, in medical registries, many 

different treatment centres and medical staff contribute to data collection. Hence, data quality may 

vary. Furthermore, patients (non-medical staff) also often contribute to registry data collection, 

which may further impair the data quality. The development of artificial intelligence (AI) emphasizes 

the importance of data quality, as AI totally relies on data, and no humans can control the algorithms 

or results. Data quality affects not only medical research; a business study from 2017 tested the data 

quality in various companies and found that only 3% of the companies had a data quality over the 

chosen cut-off at 97% accuracy (130). 

Our data quality assessment found an almost perfect agreement for patients' demographics and a 

strong agreement for surgical details but a weak agreement for perioperative complications and 

comorbidities; the registry underreported complications and comorbidities. Our findings are in line 

with previous studies (119, 131). Registration of data closely related to the surgeons' speciality seems 

to be easier than data far from the surgeons' speciality. Previously published studies reported high 

accuracy when orthopaedic surgeons coded surgical procedures and classifying x-rays and low 

accuracy when the surgeons coded diagnoses, assessed cognitive function and registered the 

antibiotics (132 133, 134). 

The level of data quality in the NORspine registry could be illustrated by the difference in agreement 

between previous surgery; the dichotomous variable previous surgery yes/no had excellent 

agreement (kappa 0.93), while the number of previous surgeries had a considerably inferior 

agreement (kappa 0.62).  

Spine registries have developed to become essential contributors to science. We think focusing on 

data quality and knowledge about challenges in recording clinical data is essential when interpreting 

existing research and planning new research projects. Another Spine registry in Germany published a 

validation study after we had planned our study and just before our publication (119); this illustrates 

the international focus on this field.  

Data quality should be a future focus for medical registries, and revising the questionnaires to ease 

understanding and completion may contribute to better data quality. The extent of the 

questionnaires should be discussed within each registry; one should only record relevant data of high 

quality. Making the forms shorter could be a way to improve concordance and increase the coverage 
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and follow-up rates, as shorter forms may decrease the workload and burden for patients and health 

care personnel completing them. Furthermore, combining patient - and surgeon-registered data into 

a combined construct could also help increase data quality (135). Artificial intelligence (AI) could be 

used to extract information to the registry from unstructured EPRs or to control information in 

medical registries. A study from 2022 reported promising results for a language algorithm to identify 

medical information in unstructured data (136). 

 

Limitations: 

Our study population was made by selecting four different hospitals over two years, resulting in 474 

patients. The selection of treating centres was not random but done for practical and legal reasons; 

we had to limit the data collection to treating centres where the authors worked. This introduced a 

possible selection bias as data agreement and accuracy can differ between treating centres. The 

study sample differed somewhat from the entire NORspine population at baseline; the included 

patients had more comorbidity, higher BMI, and higher disability (ODI) and pain scores (NRS) for back 

and leg pain. In addition, the study population had more smokers and fewer perioperative 

complications than the total LSS population registered in NORspine. However, the differences 

between the groups were minor, and we consider the sample representative.  

 

When controlling data quality, one needs an alternative data source with corresponding data as a 

reference set. Ideally, the alternative data source is correct and considered a “gold standard”. The 

variables should be in the same form (continuous or categorical) and use the same scales or 

classification systems. However, gold standards hardly exist in the medical world, and variables are 

sometimes recorded differently. There are numerous possibilities for misrecordings in all data 

sources; wrong measurement, misinterpretation, misspellings or incorrect plotting. These challenges 

limited our choice of variables possible to compare.  

 

We chose electronic patient records (EPR) as the comparable data source. EPR is compulsory in 

Norway and has a solid legal stand. EPRs have also been used in previous validation studies (119, 

135, 137, 138). Recording data from EPR is challenging as EPR does not consist of structured data. 

We had to read a free text and interpret it into the actual variables /categories. To ensure reliable 

registration when collecting data from EPR, two authors independently recorded data from 22 of the 

same patients, and the interrater was almost perfect. Twenty-two patients might be too small a 

sample to estimate interrater reliability; this was done as a practical solution.  

 



53 
 

We considered some of the variables collected from EPR as “gold standards”, while others were 

considered only as data from an alternative source. We calculated agreement for all variables, and in 

addition, we calculated accuracy only when the corresponding data set could be regarded as a “gold 

standard”. We would not pretend to have a better reference data source than we had. When 

presenting accuracy, we chose to report proportion correctly classifies (PCC) and sensitivity as these 

are commonly used and easily understood.  

 

PROMs are essential in evaluating clinical outcomes in spine surgery. Unfortunately, our EPR did not 

include PROM or any systematic evaluation of the outcome. The surgeon or physiotherapist had 

written a few words about the clinical outcome for some patients. However, this was insufficient to 

categorize or translate into any variable similar to what NORspine had recorded. Hence, we could not 

evaluate any variables concerning the clinical result.  

 

The surgeons recorded comorbidities in NORspine as “relevant comorbidities”, while EPR ideally 

recorded all comorbidities. We think these data sources are difficult to compare as they measure 

comorbidity somewhat differently. Therefore we chose to present comorbidity only as prevalences in 

each data source rather than agreement or accuracy.  

 

Postoperative complications are recorded in the NORspine by the patients and in EPR by medical 

staff, and only if the patient contacts the same treating centre again. We found these two data sets 

too different to compare concerning agreement, accuracy or prevalence. We will consider analyzing 

data agreement regarding postoperative complications in a later study.  

 

We evaluated patients who operated for LSS; this is often easy surgery with few technical variations 

and a low risk for complications. Hence, our study sample might be a “best-case scenario” for 

assessing data quality regarding surgical details and complications. 
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8.4  Paper 2 (characteristics of non-responders) 
 

In our population, there was a loss to follow-up at 30%. This is within the recommended follow-up 

rate of 60-80% recommended by van Hoof; however, no consensus exists as an ultimate limit (88, 

139). Our main finding was that patients lost to follow-up had only minor differences in patient 

characteristics, and they had similar clinical outcomes as responders. Our findings are supported by 

previously published data (116, 117, 118, 140).  

Missing data can be classified as missing at random (MAR), missing completely at random (MCAR), 

and missing at non-random (MNAR) (141). The classification of missing data is essential as it has 

implications for analyzing the data. Random dropout is easier to handle than a systematic loss to 

follow-up (attrition bias). In MAR, the non-responders may differ at baseline from responders but still 

report similar clinical outcomes; MCAR means the groups are similar at baseline and follow-up; in 

MNAR, the two groups report different clinical outcomes. MNAR represents an attrition bias risk as 

the results are based only on respondents. There are methods to handle MNAR; multiple imputations 

and mixed linear models (142).  

Previous studies conclude the loss to follow-up to be of MAR type in the Norwegian and Danish spine 

registries (116, 117). We also concluded that data was missed at random since only baseline 

characteristics had some minor differences, while clinical outcomes were similar. We recognize that 

this conclusion might have been too light as multiple imputations are advised in registry analysis (88).  

NORspine has three and twelve-12 months follow-up. A literature review from 2020 showed 

decreasing FU rates with increasing follow-up time; in addition, a review from 2011 reported that 

more questions also increased loss to follow-up (143, 144). Reducing the follow-up time to 3 months 

and the number of questions could increase the follow-up rate. Another possible way to increase 

follow-up rates could be to randomize follow-up for a smaller group and focus on high follow-up 

rates among the randomly selected subpopulation. The New Zealand joint registry randomly selects 

20% of hip and knee replacements for follow-up; this may also cut costs related to a complete follow-

up (145). 

 

Limitations.  

We used simple statistics comparing the two groups. T-test presumes normality, and this was tested 

prior to the analyses. More sophisticated methods could have been used, for instance, logistic 
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regression analysis using loss to follow up as a dependent variable. This could allow us to build a 

complete model adjusting the different predictors for being lost to follow-up.  

Furthermore, our study was vulnerable to multiple testing; we tested 13 baseline variables and four 

outcome variables, and as every test has a 5% risk of discovering a “significant” difference by chance 

(p-value chosen at 0.05), some of our findings could be a result of multiple testing (type 1 error). 

Furthermore, the study group was only 474 patients; we had no power analysis and might have 

missed relevant differences (type 2 error).  

We applied to The Norwegian Regional Committee for medical and health research ethics and were 

allowed to contact the patients who had not responded to NORspine with two letters and one SMS. 

We were not allowed to phone or in any other way make contact with the non-responders. This 

limitation leads to a follow-up rate among non-responders of only 52%. In a former non-responder 

study in NORspine, they phoned the patients and made contact with 97% (116).  

We contacted the non-responders several years after the operation, median time was 50 months; 

this may affect the results as we compared the outcome after 12 months for responders with the 

outcome for non-responders after 50 months. However, clinical results after surgery for LSS are 

stable; hence, this limitation may not be essential (118, 146, 147, 148). 
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8.5 Paper 3 (criteria for failure) 
 

To define failure, we found an ODI final score of 31 points or more, a percentage change in ODI of 

less than 20%, or an absolute change of 8 points or less to be the most accurate cut-offs. 

Furthermore, to define worsening, we found an ODI final score of 39 points or more, a percentage 

change of less than 9%, or an absolute change of 4 points or less to be the most accurate cut-offs. 

We also found cut-offs for NRS back – and leg pain (final score, absolute change and percentage 

change). The ROC analyses showed that these cut-offs have good or excellent ability to identify 

failure and worsening; these cut-offs can be used to categorize clinical outcomes. Our findings for the 

final ODI score align with previous studies on PASS score and success criteria which found cut-offs for 

success at 22-24 ODI points (109, 110). 

 

Our finding of failure, defined as 8 points improvement in ODI and worsening as 4 points 

improvement, may be hard to understand. ODI is a validated PROM with good intra-person 

psychometric capability. One may think that the threshold between improvement and failure is an 

ODI change of zero because ODI improvement should reflect clinical improvement; furthermore, 

clinical worsening should increase the ODI score. However, the direction of change has shown to be 

important, as clinically meaningful change has been reported differently for improvement and 

deterioration (149, 150). We believe patients expect a certain improvement after surgical treatment, 

and when this expectation is not met, patients feel the treatment as failure. Another possibility is 

that when a patient knows there is a possibility for improvement in future surgical care, this has 

some relieving effect per se and that when surgery is performed and “expended” without a 

significant clinical improvement, patients have lost one possibly relieving asset; hence they might 

perceive their symptoms as worse.  

 

Different methods for categorizing a continuous clinical outcome (PROM) into success (or 

failure/worsening) exist. One can use purely statistical methods or anchor-based methods. The 

statistical methods are distribution based, using the variance in the data set to calculate cut-offs. 

Effect sizes are a method using the mean change divided by the standard error described by Kazai, 

and reliable Change index is another method (151, 152). Standards error of measurement 

(SEM) quantifies the amount of error and random variation when the measurement is repeated. The 

main limitations of the distribution-based methods are that they do not relate to clinical 

improvement, are sample-specific, and are not suited to generalize (153, 154). 
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Anchor-based methods are traditionally viewed as the gold standard for defining a specific clinical 

outcome (154). There are several ways to use an external anchor; one can use the threshold category 

(i.e. “somewhat better”) and calculate the mean PROM value within this subgroup. This value will 

represent the cut-off for patients perceiving themselves as better. An advantage of this method is 

that it might be more robust when the continuous clinical outcome variable has a ceiling effect, as 

only the patients experiencing a minimum improvement are used.  

Receiver operating characteristics curve (ROC) analysis is another anchor-based method. This 

method parallels diagnostics, using the external anchor as a “gold standard” (diagnosis). To find the 

PROM cut-off value, one must search for the best combination of sensitivity and specificity to 

“diagnose” the categorized outcome (i.e. failure). The ROC method is widely used in this manner, and 

the area under the curve (AUC) displays the “quality/accuracy” of the chosen PROM. Hence, ROC 

analysis can compare the properties of different continuous variables (PROMs).   

 

The AUC value is a measure of the test properties. The AUC is the probability that the PROM in a 

randomly selected failure patient is higher than in a non-failure patient. An AUC of 0.5 means the test 

is no better than flipping a coin (155). In our study, the AUCs were over 0.80 for all PROM-derivates; 

this is considered as good or excellent (123). 

 

Different methods are used to precisely identify the best combination of sensitivity and specificity. 

One can find the point on the ROC-curve closest to the upper left corner (Figure 9), one can calculate 

the Youden Index, the sum of sensitivity and (specificity) and choose the highest combination, or use 

the point on the curve where sensitivity and specificity are equal (155).  

In certain diagnostic or screening circumstances, misclassifying patients as either positive or negative 

could be more critical. In our study, we had no priority regarding what was most important. Hence, 

we think the method to identify the cut off-point was less important; we chose to find the point on 

the curve closest to the upper left corner. However, this method introduces a potential error as one 

must transfer this point to the table describing the curve to find the cut off-value and corresponding 

sensitivity and specificity.  
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Figure 9. ROC curves for change scores for ODI (blue), NRS back pain (red), and NRS leg pain (green). 

The straight blue line displays the closest point to the upper left corner. The right side of each curve 

describes the area under the curve and is between 0 and 1.00. 

 

 

Limitations: 

The choice of external anchor (GPE) can be discussed. The patients answer the GPE simultaneously as 

they complete the ODI and NRS scores; hence, the GPE might not be entirely external. Furthermore, 

GPE might be subject to recall bias as the current clinical state has shown to dominate when patients 

determine their GPE change category (156, 157, 158, 159). The reliability of transition scales can also 

be questioned. One study reported moderate to substantial reliability for these scales (160). Since 

ODI, NRS and GPE are recorded simultaneously (by the same questionnaire) after surgery; one could 

argue that one of the other PROMs could have been the anchor. However, GPE is recommended as 

anchor according to an article from 2008 and is stated to provide a reliable assessment of health 

transition (102, 161).  

 

We used the cut-off from this study in paper 5, and these cut-offs defined about 30% of the LSS 

patients as failures and 20% as worse. These proportions are higher than what the GPE instrument 

displays (21% failure and 6% worse). Higher proportions of failure and worsening may be a 
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consequence of the method for defining the cut-offs (ROC analyses with the best combination of 

sensitivity and specificity); hence, the cut-off might overestimate the true proportion of failure and 

worsening. This is illustrated by the distributions of failures and “non-failure” in figures 10 and 11, as 

the proportion of failure is far smaller than the proportion of “non-failure”: The tails of the false 

positive “non-failure” overlap and is larger than the tail of false negative failures. Hence, these cut-

offs overestimate the proportion of failures (and worsening). 

 

 

 

Figure 10. Distributions of failure (yellow) and non-failure (green) according to GPE score; ODI final 

score.  Cut-off of 31 points marked.  

 

 

 

Figure 11. Distributions of failure (orange) and “non-failure” (green) according to GPE; ODI 

improvement. Cut-off of 4 points and 0 points marked. 
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Using the final PROM score to define failure (and worsening) raises another significant criticism, 

could cut-offs be different in patients with an extensive disability compared to patients suffering only 

mild disability before surgery? One study on patients with back pain reported that patients with 

more severe pain required a greater change to perceive the treatment as successful than patients 

with less severe pain (162). Using percentage change derivates is one way to handle this concern.  

 

There are also critics of the specific ROC method. ROC analyses are sensitive to random sample 

variation, the non-parametric methods make constructing confidence intervals difficult, and ROC 

analyses do not adjust for factors modifying the clinical outcome (other than analyzing subgroups) 

163). The predictive modelling approach uses logistic regression analysis to solve these concerns. 

Predictive modelling has been shown to have more accuracy in populations with skewed outcomes 

and if a ceiling or floor effect exists. A Mannion recently presented this method on a spine population 

at the Eurospine 2022 congress (164).  

 

Using data recorded only after the surgery (ODI final score and GPE) to categorize the clinical result 

may be too uncertain. Recall bias and assessing the two PROMs by the same form might weaken the 

anchor. Figures 10 and 11 display a considerable overlap between the failure and “non-failure” 

populations. This is a drawback of the cut-off concept; wherever we set the cut-off, large proportions 

of either failure or “non-failure” patients will be misclassified. One can also imagine patients 

improving in only one domain (i.e. less pain) and not improving in other domains (i.e. disability) or 

the opposite. Is this failure? Designing a construct cut-off, combining the different PROMS (ODI + NRS 

back pain and leg pain + EQ-5D) in an algorithm (i.e. failure defined as reaching three out of four cut-

offs), could help categorize such ambivalent clinical outcomes. Another idea could be to use 

qualitative methods to define failure (or worsening) and as an anchor. A third way could be to define 

individual goals for each patient before surgery and use these goals as definitions for success. Pain 

and disability are subjective symptoms, and the effect of treatment might best be measured related 

to the subjective expectations each patient has to symptom relieve before surgery. A preoperatively 

recorded PROM where the patients define their individual minimal acceptable change before surgery 

using modified ODI and NRS forms could be used as the anchor. This has been tested before with 

exciting results, i.e. patients' expectations exceeding actual outcomes (165, 166, 167, 168). 
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8.6 Paper 4 (dural tear) 
 

We found that dural tears were associated with increased odds of failure and worsening. When 

exploring the effect of ID on ODI score, the effect estimate was minor and far under the MCID values. 

Our findings align with previously published data (55. 58. 124, 169, 170). However, adapting MCID 

criteria to group differences may mislead the conclusions. This method may oversee an inferior result 

in parts of one group, and categorized outcomes are advised in a review article (171).  

We are aware that confounding factors may affect the risk for both dural tears and certain clinical 

results (failure). For example, previous surgery may increase the risk of ID and the risk of failure 

(unfavourable clinical result); this is displayed in figure 12. To avoid measuring the effect of 

confounders, there are several statistical methods possible. To adjust for one confounder, one can 

analyze subgroups, i.e. split the population into previously operated or first operation, and analyze 

each subgroup separately. To account for many confounders, one can calculate a propensity score, a 

probability for dural tears, for each patient based on the confounding factors and match patients 

from each group with equal propensity scores. This result in a matched control design, where simple 

statistical methods can be used to compare the groups. A drawback with this method is that one may 

miss some patients that do not match, decreasing the total population and losing statistical power.  

We adjusted for confounders by multiple logistic regression, using known confounding factors as 

covariates. Logistic regression allowed us to keep more patients and avoid decreased statistical 

power (6, 78, 172, 173). One could have considered a more advanced method; mixed modelling 

would have kept all patients and used the available data (3 and 12 months follow-up). 

 

Limitations: 

We used GPE to categorize clinical outcomes. GPE may be subject to recall bias; still, it is 

recommended as an outcome (156, 102). Why did we not use the ODI cut-offs presented in paper 3? 

We planned to use ODI as a secondary outcome to assess the exact effect of ID and chose GPE as the 

primary outcome to keep the primary and secondary outcomes apart.  
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Figure 12 

Causal relation between dural tear and clinical outcome. Green arrows shows the effect of  

confounding factors (list on the right). 

 

 

 

Dural tears vary from small punctures to large defects, damage to the neural structures may vary, 

and the treatment will also vary from neglectance to watertight suture. These variations are not well 

captured in a registry. We have shown that complications such as dural tears are not always recorded 

(paper 1). Hence, the trustworthiness of registry data used to analyze complications like dural tears 

can be questioned. This is important when reading the published literature on this field. All the large 

population studies are registry-based. 

Even if complications such as dural tears are rare and a large population is mandatory, our primary 

idea of using registry data might not be optimal for detecting these complications and the variety 

among them. Furthermore, the NORspine registry might not be suited to detect postoperative 

complications related to dural tears (re-operations, infections, etc.). We might have planned the 

dural tear study differently, knowing this. A prospective multicenter study focusing on data quality 

may have been more suitable. An alternative design could have been to supplement NORspine with 

detailed data from EPR on ID for a period, using the NORspine registry to look closer into a specific 

topic. 



63 
 

8.7 Paper 5 (predictors for failure) 
 

Knowledge of predictors of the outcome of LSS surgery is central to the proper selection of patients. 

Certain predictors have been identified before; however, most focus has been on success. Failure or 

worsening after surgery are known outcomes after spine surgery and could be challenging to cope 

with for patients (and surgeons). Hence, information and advising on predictors for failure and 

worsening are essential. One recent systematic review on LBP found a significant association 

between socioeconomic factors such as low educational level and low income and clinical outcomes 

after surgery and emphasized the importance of understanding predictive factors for poor outcomes 

in research (174).  

 

Our study identified several predictors of failure and worsening. The strongest predictors were 

previous spine surgery, duration of back pain of more than 12 months and age over 70 years. 

Additionally, we identified several socioeconomic factors associated with increased odds of failure 

and worsening (low education, living alone, not Norwegian speaking, and receiving disability 

benefits). Our findings are in line with previous literature, except for age, as there are divergent 

findings on whether age affects clinical outcomes (7, 37, 78, 174, 175, 176, 177, 178, 179, 180, 181). 

Our findings were consistent as the sensitivity analyses (repeated regression analyses using other 

definitions for failure and worsening) revealed almost identical results. 

 

Interestingly preoperative MRI findings were not associated with failure or worsening. Previous 

studies confirm no associations between radiologic findings and symptoms or clinical outcomes; 

however, one study from 2017 found an association between the grade of LSS on MRI and clinical 

outcomes (7, 29, 181, 182). A recent Norwegian study on LSS patients supports this; they found no 

association between MRI findings (other than severe disk degeneration) and clinical outcome (183). 

The lack of association between preoperative MRI findings and clinical outcome does not mean one 

should not consider MRI before surgery. The above-mentioned studies are performed on populations 

already selected for surgery based partly on MRI findings.  

 

Socioeconomic variables were associated with failure and worsening. According to the effect 

estimate, a combination of several socioeconomic variables seems to have a significant impact on 

clinical outcomes. NORspine records many socioeconomic factors, we included variables that are 

independent, and the selection of variables was tested for possible correlations. However, the 
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chosen variables can be mediators of a more basic patient-related trait or condition that are hard to 

define or measure.  

Even if socioeconomic factors are associated with an increased risk of failure and worsening, it is 

crucial to keep in mind that all patients should have equal rights to health care. However, if the 

expected utility of the planned surgery is low, the best individual decision might be a non-surgical 

treatment for certain patients. 

 

Understanding the properties of the chosen dependent outcome variable is essential when 

interpreting the results. We used the final ODI score over 31 (39) to define failure (worsening), and in 

the sensitivity analyses, we used an ODI improvement of less than 8 (4) points. We chose ODI final 

score as the outcome based on our findings in paper 3 and because a final score is easy to 

understand and use. Additionally, there are parallels between ODI final score and the PASS score 

assessing success reported by van Hooff et al. (ODI=22) and a criteria for success reported by 

Austevoll et al. (ODI=24) (109, 110). One Norwegian study from 2015 assessed predictors of failure; 

this study used an increase in ODI of 8 points (MCID) as the definition of failure (78). We question this 

definition, and this way of using MCID as the direction of change has shown to be relevant (149, 

150). 

 

Previous spine surgery was a strong predictor of failure and worsening, a recent Norwegian study on 

success rates after spinal reoperations confirmed this (184). We used the final ODI score as the 

dependent variable. Patients undergoing repeated spine surgery might have less chance of achieving 

a particular ODI final score than patients undergoing surgery for the first time. The recent study on 

outcomes after reoperations reported declining success rates from 66% after the first surgery to 22% 

after four (or more) spinal surgeries (184). A success rate of 22% is surprisingly low and does not fit 

well with our clinical judgement. Patients undergoing repeated spine surgery could have different 

expectations than patients undergoing first-time surgery. Hence, the threshold of patient-reported 

success might have to be redefined for patients undergoing multiple spinal surgeries. 

 

Patients seeking help for spine-related symptoms might have tried conservative treatment before. 

They might be out of work and be physically and mentally compromised. Balancing considerations 

may be complex when faced with a possible solution (surgery). The patients translate all information 

provided, and this translation could be affected by the situation the patients are in. Negative 

information (risks of failure and worsening and complications) might be underweighted, and the 

patient's expectations of improvement might be overweighted. A parallel can be found in prospect 



65 
 

theory; people can weigh probabilities wrong (185). We emphasize the importance of 

communication with patients considering spinal surgery. 

 

Limitations:  

 

It can be tempting to analyze predictive factors by assessing how they affect the clinical result or how 

they result of selection; i.e. smoking may affect the biological healing process, hence the result. On 

the other hand, smoking can be associated with certain personality traits and mechanisms of coping 

with chronic pain (or chronic pain) and hence, a confounding factor. Our study was observational and 

can only assess associations rather than discover causality. Predictive factors are only associated with 

failure, not necessarily causing failure. The purpose of a predictor analysis is to improve patient 

selection and information. Even if one could intervene and amend some modifiable factors at 

baseline, we do not know if this would change the clinical outcomes. Furthermore, the potential 

predictive factors are limited to variables adapted by the NORspine registry, and they may be 

mediators or confounders. There could still be unrecorded variables with a substantial effect on 

clinical outcomes.  

 

Even if logistic regression analysis and building a multiple logistic model is a standard method in 

predictor analysis, the overall importance of the variables included in our model was limited (186). 

Negelkarke R2=0.292, cox and Snell R2=0.209, meaning that only 20-30% of the variance seen is 

explained by the explanatory variables included in the model. We did not perform analyses to 

determine the relative importance of the different types of variables. We could have sequentially 

excluded groups of variables (i.e. socioeconomic or pain-related variables) and tested how this 

process affected the R2 measures. Such an approach could be interesting in future predictor analyses 

and help point out which variables are more relevant than others.  

 

We were aware of the pitfall of including all the NORspine variables in our prediction model. To 

reduce the possibility of accidental findings due to multiple testing, we used a p-value of 0.01. We 

paid attention to only including explanatory variables known from the literature or clinic. Our 

population was large, and according to a “rule of thumb” of ten events per possible predictor, our 

study was powered to identify predictors (186, 187). A recent study from Mannion presented in 

Eurospine in October 2022 reported that adding more than 20 predictors did not increase the 

explained variance (R2) (164).  
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We focused on LSS diagnosis and decompression irrespective of surgical technique and additional 

fusion; our population was somewhat heterogenous but reflected everyday practice. Our focus was 

to identify predictors prior to surgery, irrespective of different surgical techniques. We performed 

subgroup analyses on patients that received additional fusion surgery with similar findings.  

We did not impute missing data. We regarded missing data as missing at random (MAR); hence no 

need for imputing data (paper 2). We are aware of this limitation and will consider imputing data in 

future research, according to a previously published recommendation (186).   

 

Our predictor analysis focuses on failure and worsening after LSS surgery. After planning this study 

(2016-2017), artificial intelligence (AI), machine learning and more complex predictive models have 

advanced. The Swedish spine registry published Dialog Support in 2021 and The Swiss Shulthess 

clinic Prognostic tool in 2022, both available as free internet services (177, 188, 189). These 

predictive tools are valuable assets in patient selection and information. They confirm our findings 

but have advanced some steps further.  
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8.8 Future implications 
 

Based on the work in this thesis, some new research questions and ideas have evolved. Concerning 

data quality and concordance, we concluded that some variables had low agreement and accuracy. 

NORspine also collects data on MRI findings. We question the concordance of radiological data and 

plan a validation study where we assess the reliability of surgeon-reported MRI findings.  

Data on postoperative complications were not applicable to validate in terms of agreement and 

accuracy. We plan to explore the prevalence of postoperative complications in NORspine compared 

to EPR and to explore the association between postoperative complications and clinical outcome and 

patient satisfaction.  

The NORspine registry has a coverage of 70%; this opens questions about the patients never 

registered, which may introduce selection biases. Studies have been performed using a national 

patient registry to explore this topic, but this area could be supplemented by a study using clinical 

data from treating centres. 

We are strengthened in the view that categorical outcome measures are helpful but still uncertain 

about the criteria for success and failure. However, the patient's expectations may vary according to 

baseline data and the patient's situation before surgery. Previous studies have reported a gap 

between expectations and actual outcomes (165, 166, 167, 168). We plan a study to explore patients' 

expectations of spine surgery using a modified NRS and ODI survey before surgery. The goal is to 

quantify how much pain (NRS) and disability (ODI) the patients think they will accept after surgery 

and if achieving these predetermined threshold scores will correlate with success and satisfaction.  

Previous surgery is associated with increased odds of failure (184). However, clinical experience 

questions the impact of previous surgery. Defining stratified criteria for success and failure related to 

the number of previous spinal operations could be of interest. This could be performed by repeating 

our cut-off study (paper 3) using subgroups based on the number of previous spine surgery.  

We find the identified predictors in paper 5 interesting. Constructing an algorithm to assess the risks 

for certain outcomes using our predictors for failure and worsening combined with predictors for 

success can be a future goal. Exploring the relative importance of the different categories of 

predictors could be one step towards this future goal.  
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9 Conclusions 

 
NORspine data had varying accuracy; patient-provided data and surgical details showed a good 

concordance, while surgeon-provided medical information and complications showed a low 

concordance. Hence, the NORspine registry may not be optimal for analyzing certain aspects, such as 

comorbidities and complications. Patients lost to follow-up are somewhat different from patients 

completing follow-up, but the clinical result did not differ after LSS surgery. Research using registry 

data is valuable and necessary but must be planned thoroughly and interpreted carefully. 

Clinical outcomes after surgery for LSS can be challenging to assess. PROMs are essential in disorders 

dominated by pain and disability. Interpreting PROMs is challenging, and a combination of 

continuous and categorical outcome variables may be helpful. We found that an ODI final score of 

>31 and an ODI percentage change of <20% defined failure best. For worsening, the corresponding 

cut-offs were an ODI final score of>39 and an ODI percentage change of <9%. Finally, 20-30% of 

patients reported failure after surgery for LSS, and 6-20% reported worsening, depending on the 

PROM used to define failure and worsening.  

The most common perioperative complication was a dural tear, with an incidence of 5%. Patients 

who suffered from a dural tear had increased odds of failure and worsening.  

Several patient characteristics were associated with clinical outcomes; back pain lasting longer than 

12 months before surgery, previous spine surgery, and age over 70 increased the odds of failure and 

worsening. Socioeconomic factors were also associated with the clinical outcome. 

The best treatment for spinal stenosis may include a proper selection of patients, evidence-based 

patient information and a safe surgical technique with minimized risk of complications. We hope that 

the results of the work in this thesis have contributed to the process of defining failure and 

worsening after surgery for LSS and to the identification of predictors in a pragmatic clinical setting 

that may aid surgeons in informing and selecting patients for surgery for LSS.   
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Norwegian version of EQ-5D 
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11.3 Appendix 3 

Norwegian version of numeric rating scale (NRS) back pain and leg pain 
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Norwegian version of the Global Perceived Effect (GPE) scale 
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11.5 Appendix 5 

NORspine form, patient-completed, before surgery. 
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11.6 Appendix 6 

NORspine form, surgeon-completed, after surgery. 
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11.7 Appendix 7 

NORspine 3 months follow-up form, patient-completed. 
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NORspine 12 months follow-up form, patient-completed.
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