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Measurement of outcome in
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Validity and interpretability of frequently used outcome measures in the
Swespine register
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Department of Orthopaedics, Institute of Clinical Sciences,
Sahlgrenska Academy, University of Gothenburg,
Gothenburg, Sweden

ABSTRACT

BACKGROUND

The purpose of elective lumbar spine surgery is mainly to reduce pain and to
improve physical function and quality of life. The quality and results of the in-
terventions are monitored in the Swedish spine register, Swespine. The large
quantities of data offer unique opportunities to improve quality of care, de-
crease costs and enable benchmarking. For register-based data to be useful,
however, the quality must be high, the variables must be carefully selected to
ensure relevant data collection, and the logistics of data collection should be
workable.

AIM
The overall purpose of the thesis was to find ways to simplify the assessment of
patient-reported outcome without a loss in scientific credibility.

STUDY POPULATION

The main study population was obtained from the Swespine register and in-
cluded patients operated in the lumbar spine in the period 1998-2015 for ei-
ther disc herniation (n: 30,102), spinal stenosis (n: 50,194), isthmic spondyloly-
sis/spondylolisthesis, or degenerative disc disorder. The two latter diagnoses
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were treated as a single entity (n: 13,836). A test-retest study was performed
on 182 individuals obtained from two spine-care hospitals (2017-2019). Analyses
on non-respondents were computed using Swespine data from 2008-2012 that
were linked to hospital data, Statistics Sweden, the National Patient Register,
and the Social Insurance Agency (n: 21,961).

METHODS

The usefulness of the single-item retrospective outcome measure GA as an
overall PROM (Patient-Reported Outcome Measure) was tested in correlation
analyses with symptom-specific (i.e VAS), disease-specific (i.e ODI), and generic
PROMs (i.e EQ-5D, SF-36). The capability of GA as a discriminator of treatment
success was explored in ROC curve analyses. The level of treatment success
was defined for each of the Swespine PROMs with different lumbar conditions.
The proportion that achieved these scores one year after the operation was
compared with the proportion at two years. PROM retest reliability was test-
ed on a symptom stable population. The SDC at the 95% confidence level was
computed. The retrospective measurements were tested using weighted kap-
pa. Regression analyses were conducted to identify variables associated with
non-response. The output was used to predict outcomes for patients with the
characteristics of the non-respondent population.

RESULTS AND CONCLUSIONS

High correlations were seen between GA and VAS, and also the ODI, indicat-
ing that GA can replace these tools in effectiveness studies. The correlations
were better for final scores than for changes in score, indicating present-state
bias and/or recall bias. Correlations with EQ-5D were lower, indicating that
GA works less well as a discriminator of quality of life. The ROC curve analyses
support the use of GA as a reference criterion in the interpretation of VAS and
ODI scores. A tough cut-off signifying a considerable improvement is encour-
aged. The change in a PROM score needed to achieve treatment success (i.e.
the MIC value) varied somewhat between the degenerative conditions tested;
thus, the ODI MICs were 14-22 points, the VAS,, . MICs were 20-29 mm; the
VAS, ., MICs were 23-39 mm,; and the EQ-5D MICs were 0.10-0.18. The propor-
tion of patients who reached these levels at the one-year follow-up was similar
to the proportion at the two-year follow-up. Thus, collection of PROM data in
Swespine on the latter occasion is not necessary. The retest reliability for the
PROMs tested was similar or lower than previously reported. In general, the
SDC estimates exceeded the MIC values, thereby complicating the interpreta-
tion of score changes, as the PROMs were not sensitive enough to detect score
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changes considered important. Being lost to follow-up was associated with
male sex, younger age, smoking, lower disposable income, and lower education,
and with being born outside the EU. Non-respondents were predicted to have
a somewhat worse outcome than respondents.

Keywords: spine register, disc herniation, spinal stenosis, degenerative disc
disorder, patient-reported outcome measure, Global Assessment, minimal im-
portant change, smallest detectable change, retest reliability, non-response to
follow-up, attrition, measurement of change.
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Sammanfattning

SAMMANFATTNING
SUMMARY IN SWEDISH

AVHANDLINGENS BAKGRUND.

De senaste decennierna har antalet elektiva landryggsoperationer oOkat
patagligt. Syftet med kirurgin dr huvudsakligen att minska sméirta och forbattra
fysisk funktion och livskvalitet. Kvaliteten pa och resultaten av operationerna
dokumenteras sedan 1998 i det svenska ryggregistret, Swespine och idag ar
mer an 100 000 landryggsoperationer registrerade. Information fran patienter
samlas in fére operationen, samt efter 1, 2, 5 och 10 ar. Patient-rapporterade
utfallsmatt forkortas PROMs. Det finns tva typer av PROMs, dels de som mats
fore och efter ett ingrepp, dels de som enbart mits efterat - bada har sina
for- och nackdelar. Registrets data erbjuder unika majligheter att forbattra
varden, minska kostnader och kan fungera som en mattstock vid jaimforelser.
For att registerdata ska vara anvandbara behover kvaliteten vara hog. Detta
kan uppnds genom ett hogt deltagande, noggrant utvalda bakgrundsvariabler,
process- och utfallsmatt med god validitet, samt en uppfoljning som fungerar
for savil patienter som administratorer.

MALSATTNINGAR

Att undersoka hur det tillbakablickande enfragemattet Global Assessment
(GA) fungerar som utfallsmétt efter degenerativ landryggskirurgi. Att ta reda
pa om det finns kliniskt relevanta skillnader i PROM-data mellan ett- och
tvadrsuppfoljningen, som berittigar datainsamling vid bada tillfallena. Att
maita den minsta statistiskt upptackbara skillnaden mellan tva mattillfillen for
vart och ett avde PROMs som anvands i Swespine. Att jaimfora dessa med den
minsta skillnaden i PROM-varde som uppfattas som en viktig forbattring. Att
undersoka skillnader i bakgrundsvariabler och i utfall mellan de individer som
har registrerade uppfoljningsformular i Swespine med dem som inte har det.

UNDERSOKTA INDIVIDER

Den huvudsakligen undersokta populationen inhdmtades frdn Swespines
databas och inneholl patienter som opererats mellan aren 1998-2015 for
diskbrack, spinal stenos (ryggkanalsfortrangning)eller kronisklandryggssmarta.
En sd kallad retest-studie utférdes pa en mindre grupp individer med
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stabil symtombild. Undersokningen av individer utan uppfoljningsformular
byggde pa data fran Swespine 2008-2012, som ldnkats samman med
landstingens patientadministrativa system, Statistiska Centralbyrans register,
Socialstyrelsens patientregister samt Forsakringskassans register.

METODER

Anviandbarheten hos GA undersoktes genom att detta utfallsmatt korrelerades
med etablerade utfallsmatt som méter smarta (VAS), fysisk funktion i relation
till ryggsmaérta (ODI), samt livskvalitet (EQ-5D). Formagan hos GA att skilja ut
patienter med ett efterstrivat resultat undersoktes med ROC-metoden. Den
grad av forandring, matt med respektive PROM, som kan tolkas som en klar
forbattring definierades, ocksa den med ROC-metoden. Andelen patienter
som uppnadde den definierade forbéttringen efter ett ar jamfordes med
andelen patienter som rapporterade samma grad av forbittring aret darpa.
McNemars statistiska test anvandes for att jamfora hur patienter svarade pa
de retrospektiva enfrdgematten vid ett- respektive tvadrsuppfoljningen. Ett
PROMs pdlitlighet vid upprepade matningar testades pa en patientgrupp
vars symtom antogs vara oforandrade under tiden studien pagick. Matfelet
for respektive PROM raknades ut. Prediktionsmodeller baserade pa en stor
mangd variabler skapades for att identifiera faktorer som i hogre utstrackning
forekommer hos den grupp for vilken uppfoljningsdata saknas i Swespine. Det
predicerade resultatet berdknades for denna grupp.

RESULTAT OCH SLUTSATSER

GA korrelerade till VAS och ODI pa ett sadant sétt att det skulle kunna
ersiatta dem vid rutinmaéssig uppfoljning av erkdnd kirurgisk behandling av
degenerativ landryggssjukdom. Analyserna talade dock for att patienternas
nuvarande halsotillstdnd kan paverka hur GA besvaras. GA forefoll fungera
samre for att beskriva forandring i livskvalitet. Om GA ska anviandas som en
referens for att tolka en forandring i ett PROM-varde bor svarsalternativen
"smartfri” och "mycket forbattrad” anvandas for att definiera en forbattring.
Den forandring i PROM-véarde som kravdes for att uppnéd denna definition av
forbattring varierade beroende pa diagnosgrupp. For ODI 1ag fordndringen pa
14 - 22 poang, for VAS, .. 20-29 mm, for VAS _ : 23-29 mm och for EQ-5D pa
0.10-0.18. Storleken pa matfelet var oftast storre an dessa forbattringsvarden.
Detta ar problematiskt eftersom en patientrapporterad forbattring i ett
sadant fall inte kan sirskiljas fran PROM-instrumentets matfel, eller med
andra ord fran slumpen. Andelen patienter som rapporterade forbattring
efter sin operation vid ettarsuppfoljningen var likvirdig med den andel som
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uppgav forbéttring efter tva ar. En tvadrsuppfoljning ar darfor inte nddvandig
att ha med i Swespines uppfoljningsrutin. Gruppen av patienter som saknar
uppfoljningsdata bestir i hogre utstrdckning av yngre, min, samt rokare.
Gruppen har ocksa jamforelsevis ldgre utbildning, en ligre inkomst, samt &r
fodd utanfor EU. Den hir gruppen predicerades att ha ett lite samre resultat.
Resultaten kan tolkas som att utfallet mitt med PROMs i Swespine ar nagot
overskattat.

Resultaten i avhandlingen talar for att man kan forenkla uppféljningsrutinen i
Swespine genom att minska antalet PROMs och ta bort ett uppfoljningstillfalle.
Detta kan leda till en 6kad svarsfrekvens vilket i sin tur okar datakvaliteten
nar den insamlade informationen ska analyseras. Instrument som mater
subjektiva tillstdind som smdrta hos en befolkning som behandlas for
degenerativa dkommor, dér en férdndring i symtombilden inte enbart orsakas
av operationen utan kanske ocksa av den degenerativa processen i sig, eller
av andra sjukdomar, dr en utmaning. Svarigheten med att tolka resultaten ir
uppenbar. Avhandlingen bidrar till att underldtta denna tolkning.
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Introduction

1. INTRODUCTION

1.1 The registration of outcome

1.1.1 The historical background of
a national quality register

Amory Codman lowered the news-
paper and leaned back in his arm-
chair. Absent-minded, he stroked
the head of one of his dogs. The Ger-
mans seemed unstoppable in their
incessant bombing of Britain. This
was in the autumn of 1940 and the
69-year-old surgeon was fighting a
war of his own, one that he could not
win, against malignant melanoma. He
came to think of another lost battle he
had fought against his own peers and
hospital administrators. For many
years, he had urged them to study the
outcome - the end result — of their
treatments, but to no avail. In fact,
it had cost him his career and rep-
utation. Still, he was certain he was
right. When publishing his paper on
hospital efficiency, his statement that
“the common sense notion that every
hospital should follow every patient
it treats, long enough to determine
whether or not the treatment has
been successful, and then to inquire,
if not, why not?’ with a view to pre-
venting similar failures in the future™

was true. Getting ready for a slow
walk with the dogs, he thought: “Hon-
ours, except those I have thrust upon
myself, are conspicuously absent...,
but [ am able to enjoy the hypothesis
that I may receive some more from a
more receptive generation.™

Indeed, Codman’s hypothesis proved
correct, and today he is acknowl-
edged as a pioneer in outcome as-
sessment 3.

The contemporary giant of health-
care quality assessment was Avedis
Donabedian (1919-2000), a profes-
sor of medical care organization at
the University of Michigan School of
Public Health. In the article “Evaluat-
ing the Quality of Medical Care™, he
introduced what have become the
three pillars in the evaluation of the
quality of healthcare: structure, pro-
cess, and outcome. Donabedian em-
phasized that - despite having many
limitations - outcome measures re-
mained the “ultimate validators of the
effectiveness and quality of medical
care” In a presentation summariz-
ing 20 years of developments within
the field, held in Portland, Oregon in
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1984, Donabedian called for a clinical-
ly relevant quality assessment based
on individual and social valuations °.

Sweden is regarded as being a mod-
ern country with strong democratic
values and a high degree of confi-
dence in authorities ¢, with tradition-
ally positive attitudes towards reg-
isters. Since the introduction of the
civic registration numbers in 1947, a
large number of national registers
such as the Cancer Register (1958)
and the Patient Register (1987) have
been developed. The first Swedish
quality registers were the Knee Ar-
throplasty Register (1975) and the
Hip Arthroplasty Register (1979) "
The Spine Register - Swespine - was
founded in 1993, and was launched
nationally in 1998 &.

1.1.2 The framework of a national
spine register

An outcome register is described as an
organized system that uses observa-
tional study methods based on STROBE
(Strengthening of the Reporting of Ob-
servational Studies in Epidemiology)
recommendations °. The purpose of a
national spine register is to ensure and
improve the quality of the care provid-
ed, to enable benchmarking, to detect
rare or late complications, and to make
visible changes in surgical techniques,
in the use of implants, in indications,
and in outcomes °.

Guidelines, such as the STROBE

22

statement, that aim to ensure the ac-
curacy and generalizability of a study
0 and recommendations from the
ICHOM (International Consortium for
Health Outcomes Measurement) col-
laboration " are used to ensure that
the requirements for achievement
of the purpose of a register are ful-
filled. Such concerns include a stan-
dardized approach to data collection
at baseline and follow-up of at least
one year. Other recommendations
concern the prevention of selection
bias by providing accurate patient
characteristics at baseline to enable
adjustment for covariates. A national
register has the advantage of having
a lower risk of selection bias com-
pared to institutional and sponsored
registers because it covers the whole
country.

The target groups must be proper-
ly defined and the patient-report-
ed outcome measures should show
good measurement properties. There
is no consensus on a minimal pa-
tient response rate 2. Postal, e-mail,
or telephone reminders are encour-
aged. Finally, data analyzed should be
presented to the participating spinal
units and also to the public.

The internal validation of a national
register is a continuous process. Log-
ical checks are put into the software
to avoid input of obviously incorrect
data at the start-up of a register.
Checks for inconsistent or unlikely
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data are also run on a regular basis.
A time consuming but important val-
idation method is the comparison of
register data with patient records.
Thanks to the Swedish system of hav-
ing personal identity numbers, there
is the possibility of validating data
against other registers such as the
National Patient Register (NPR), Sta-
tistics Sweden (SCB), and the Social
Insurance Authority (FK). Validation
by an adjudication committee may be
used for estimation of the degree of
correct diagnoses .

There are a few basic concepts that
have a profound effect on the external
validity of the data in a national spine
register. Coverage is the number of
spinal units that report their oper-
ations to the register divided by the
total number of spinal units. Com-
pleteness is the number of operated
patients in the register divided by the
total size of the operated population
1B, Hence, if fewer perioperative forms
are registered a decrease in com-
pleteness will occur. Patients who do
not return the follow-up question-
naires to the register for any reason
are called non-respondents. Partially
missing data, i.e. loss of one or sev-
eral variables or items, do not affect
register completeness, but they may
cause less robustness of results as the
data are analyzed.

1.1.3 The value and scientific
character of a national spine
register

The efficacy of an intervention, i.e.
the ability of an intervention to pro-
duce a desired or intended result,
is usually tested under ideal con-
ditions in a randomized controlled
trial (RCT). The effectiveness of that
intervention, i.e. the ability of an in-
tervention to produce a desired or
intended result in practical clini-
cal work, can be examined in regis-
ter-based studies that allow for the
variable conditions of real life to be
included”. The efficiency, i.e. the
ability of the intervention to produce
a desired or intended result in prac-
tical clinical work with an optimum
use of resources, may need data from
additional sources, for instance the
National Board of Health and Welfare
and/or the Social Insurance Author-
ity. Recent high-quality studies have
indicated that a register-based study
and a randomized controlled trial can
produce equally valid results >,

An RCT enables hypothesis testing.
Any statistically significant differ-
ences are immediately interpreta-
ble. However, the conclusion applies
only to the study sample that was
considered eligible for the study af-
ter informed consent was given. A
register-based study reflects reality.
But in this case, the causality behind
a statistically significant difference

23
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in outcome between, for example,
two spine-care units is not explica-
ble before confounding factors have
been considered. The Swedish As-
sociation of Local Authorities and
Regions and the National Board of
Health and Welfare display case-mix
adjusted outcomes on the web page
Open Comparisons, with the aim of
more accurately reflecting the quality
of care received ". It may be an un-
achievable task to account for all pos-
sible bias; thus, register-based stud-
ies may be regarded as hypothesis
generators. Statistical models such
as propensity score matching, which
aim to overcome the biasing obsta-
cles and mimic a randomized exper-
iment, require the skills of an expe-
rienced statistician and a researcher
with a vast knowledge of the register
population and the quality of the reg-
ister data.

Register data that are being collect-
ed on consecutive patients, including
patient-reported outcome measures
before the surgery and at specific
time points after surgery, are con-
sidered to be prospectively collected
data - even though the study ques-
tion is not designed at the start of
data collection .

1.1.4 Swespine: the Swedish spine
register

The rapid increase in the number of
surgical interventions in the spine led
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to the foundation of a spine register in
Lund in1993. It was launched nationally
in 1998 as a patient-based protocol
and a comprehensive computer
application was introduced, and since
1999 all data except the surgical report
have been patient-based . There has
been a gradual increase in coverage.
Around the millennium, approximately
80% of the spinal units registered their
operations in Swespine and in 2018,
97% did .

The preoperative data registered are
age, sex, smoking habits, working con-
ditions, sick listing time, pain duration,
walking distance and consumption of
analgesics. Several Patient-Reported
Outcome Measures (PROMs) are col-
lected. Pain severity was reported on
the Visual Analogue Scale (VAS) until
2016, at which time it was replaced by
a Numeric Rating Scale (NRS). Disabili-
ty has been measured by the Oswestry
Disability Index (ODI) since 2003.
Quality of life has been registered with
the Rand Short Form-36 (SF-36) and
the European quality of life instrument
EQ-5D-3L (EQ-5D), but since 2016
solely using the EQ-5D. In the 2016 re-
vision, specific questions on opioid use
and physiotherapy were also added.

The surgical data include diagnosis for
surgery, type of intervention, implants,
and adverse events.

Postoperative data are collected at 1, 2,
5, and 10 years, with the preoperative
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Figure 1. The Swespine logo.
With permission from the Board of the
Swedish Society of Spinal Surgeons

protocol and an additional question
labelled Global Assessment (GA) about
the patient’s opinion on back and leg
pain as compared to before the sur-
gery, and a question on patient satis-
faction with outcome of surgery (Sat-
isfaction).

Completeness nationwide has been
approximately 80%. However, there is
a large variation between spinal units
(30-100%). Practice in spine regis-
tries was reviewed by van Hooff et al.
in 2015°. The authors concluded that
Swespine is a spine register of high
quality. Although non-respondents in
Swespine are considered to be treat-
ed patients, the completeness of the
register is completely dependent on
the treating surgeon. The complete-
ness in Swespine was 78.4% in 2018
20, which means that 21.6% of the pa-
tients who were surgically treated for
a spinal condition (other than trau-
ma) were not registered. This means

that missing data, in terms of com-
pleteness, are related to the ability or
willingness of the surgeon or hospital
administrators to register the periop-
erative data in Swespine.

As with any survey, Swespine does
not achieve a complete response
from the patients on the follow-up
occasions, which may affect the ex-
ternal validity by introducing the risk
of selection bias. When the registered
patients are no longer representative
of the target population, the value of
the results is weakened. Follow-up
rates can be improved by increasing
the number of reminders, but these
efforts are costly and at some point,
ineffectual. A systematic loss to fol-
low-up occurs if the characteristics
of the non-respondents differ in a
substantial way. A random loss to fol-
low-up is less serious and results in a
smaller number of patients on which
calculations can be based, and wider
confidence intervals.

1.2 Patient-Reported Outcome
Measures (PROMs)

To make a clinical decision relevant,
the priorities and preferences of the
patient as well as the clinician must
be considered. This interaction is a
cornerstone in evidence-based medi-
cine, and during the last four decades
there has been a steep rise in the
use of PROMs 82, Other reasons for
the use of PROMs are that objective
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measures for subjective traits such
as chronic pain are inconclusive, that
the assessment made by the treating
surgeon is not always consistent with
that of the patient, and that a spe-
cific purpose of health services is to
increase gain in health for patients in
terms of patient self-assessment of
health #. PROMs may also be useful
in areas other than the monitoring
of interventions, for instance in fa-
cilitating communication and shared
clinical decision-making %%,

From a degenerative spine surgery
point of view, PROMs are standard-
ized and validated questionnaires or
questions that are completed/an-
swered by patients in adherence to
the intervention to determine their
opinion of their general health qual-
ity, function, and pain?. PROMs that
measure quality of life in general and
permit comparisons between differ-
ent disease entities are called generic
(for example, the quality of life ques-
tionnaires SF-36 and EQ-5D) whereas
measures focusing on certain condi-
tions are called disease-specific (such
as the low back pain questionnaire
ODI). Scales measuring a single con-
struct (for example, the pain-specif-
ic VAS) are called symptom-specific
PROMs.

Retrospective single-item measures
concerning a globally perceived ef-
fect of the outcome or of a health
state are called transition questions
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(TQs). Questions such as “How is
your pain now as compared to before
your treatment?” have been used by
clinicians in daily practice for many
years. However, when they are asked
by the patient’s own physician, bias
is introduced. By inclusion in fol-
low-up questionnaires completed by
patients at home, the TQs are used
in a scientifically more correct man-
ner. Although readily understandable
and easy to use, factors such as re-
call bias, present-state bias, response
shift 2%, and the risk of not covering
all important aspects of the trait to be
measured have called the validity of
TQs into question #3°. Multiple-item
PROMs measuring a health state or
a disease-specific condition before
and after an intervention have been
developed in an attempt to over-
come these obstacles. However, these
PROMs are not protected from re-
sponse shift. Furthermore, they have
other problems - such as the difficulty
of handling incomplete responses, and
floor and ceiling effects. Also, a large
amount of questions may contribute
to lower response rates, greater ad-
ministrative costs, and difficulty in in-
terpretation .

The theoretical framework behind
the development and use of PROMs in
the form of questionnaire scales orig-
inates from the social sciences, and
it was introduced to the health sci-
ences via the psychological research
sector in the 1960s 2. In the field of
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psychometry, measurement theories
such as classical test theory and item
response theory were developed,
giving physicians and researchers the
opportunity to evaluate “unmeasur-
able” traits like feelings and pain by
asking questions in a systematic and
scientifically sound way. The epide-
miologist Alvan Feinstein was a major
critic of the questionnaires devel-
oped by psychometricians because of
the difficulty in using the measures
in clinical practice, and in the 1980s
his work gave rise to an alternative
branch, called clinimetrics 22. A clini-
metric scale does not need an inter-
nal validation. Arguments were later
put forward that psychometry and
clinimetry are two sides of the same
coin and that further development of
this kind of outcome measure had ev-
erything to gain from cooperation be-
tween the two camps 2% In recently
published guides on health measure-
ment, a division is avoided 3>%.

1.2.1 Measurement properties

Like any other measurement tool,
PROMSs need to be validated - that is,
do they measure what we want them
to measure, and how well *? There
is an abundance of names and defi-
nitions for the same measurement
property ¥. In an international Del-
phi survey (COSMIN), consensus was
reached on quality criteria for the
measurement properties and also on
a common terminology and classifica-

tion 4%, Guidelines from the COSMIN
group were recently updated*. The
COSMIN taxonomy will be adhered to
in this thesis. A summary of how the
measurement properties are related is
given in Figure 2.

1.2.2 Reliability

Reliability is defined as “the degree to
which the measurement is free from
measurement error’ *. Measurement
error is expressed in the units of the
measurement tool in question and it
is affected by the instrument’s ability
to distinguish between patients (in-
ter-individual variation) and also the
size in score variation between re-
peated measures on the same patient
(intra-individual variation). A reliabili-
ty parameter tells us how well patients
can be distinguished from measure-
ment error.

The Limits of Agreement (LoA) de-
scribed by Bland and Altman is a cen-
tral concept in the measurement of
agreement in method comparison
studies “. A Bland-Altman plot can
visualize the inter-rater repeatabil-
ity of a method through the limits of
agreement . A frequently used reli-
ability parameter is the Standard Er-
ror of Measurement (SEM). There are
no parameters of measurement error
for categorical variables since there
are no units of measurement. Instead,
percentage of agreement is calculated.
Examples of reliability parameters
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Scores (cross-sectional)

Reliability domain

Reliability

(Test-retest,
Inter-rater, Intemal
Intra-rater, consistency

Parallel test)

Measurement
error

Validity domain

Criterion validity
(Concurrent,
predictive)

Content &
face validity

Construct
validity
(Structural,
hypothesis-testing,
cross-cultural)

I -
Score interpretability

\

}—

Change scores (longitudinal)

Reliability of change domain

Change score

reliability

Responsiveness domain

Responsiveness
(Criterion-based,
Construct based)

-~
|—’ Change score interpretability )4—-‘

A

Figure 2. A taxonomy of measurement properties for an instrument’s scores and change scores
Reproduced from Measurement and the Measurement of Health with permission from Wolters

Kluwer Health.

for continuous variables are the in-
tra-class correlation coefficient (ICC)
for absolute agreement, ranging from
0 to 1, and for categorical variables,
Cohen’s kappa (nominal variables), and
weighted kappa (ordinal variables),
ranging from -1to 1.

28

When a measure is tested on stable
patients (i.e. there are no symptom
fluctuations) on two or several occa-
sions, the scores can be expected to
be more or less the same. This test sit-
uation is called a test-retest.
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1.2.3 Validity

A criterion validity may be deter-
mined if there is a gold standard to
compare with. There is, however, no
such standard for PROMs. Instead,
agreement with other measurements
that concern the same concept is es-
timated. This is termed construct va-
lidity. One limitation is the potential
inaccuracy of the outcome tool that is
used as reference criterion. Face va-
lidity describes whether the purpose
of the instrument is logical and read-
ily understandable or not.

The focus in a validation process lies
on the score obtained by the mea-
surement tool, which means that the
instrument should be validated each
time it is applied to a new setting, for
instance a new target population de-
fined by age, culture, diagnosis, and
so on. As in any other research situa-
tion, hypotheses should be formulat-
ed if possible. The degree of validity
of a PROM is usually based on results
from a number of validity studies?.

Validation parameters are, among
others, correlation coefficients, and
the area under the curve (AUC) in re-
ceiver operating characteristic curve
(ROC) analyses. The appropriate sta-
tistic to be used depends on the level
of measurement of the two measures
i.e. dichotomous, ordinal or contin-
uous, as described by Polit and Yang
(chapter 12) 3.

1.2.4 Responsiveness

Our goal as surgeons is that the inter-
ventions we perform will lead to a no-
ticeable decrease in symptoms in our
patients. The founding father of clin-
ical epidemiology, clinimetrics, Alvan
Feinstein pointed out the importance
of a measure’s sensitivity to change®.
The ability of a measure to detect
change is called responsiveness. The
term was introduced into the clinical
literature by Kirshner and Guyatt in
1985%.

Responsiveness, the validity of change
scores, can be tested using the same
statistical methods as exemplified in
the validity section. A transition ques-
tion about global perceived effect of
the intervention is often used as gold
standard, although the reliability and
validity of such questions have been
criticized *.

Parameters of responsiveness vary
with context as well as with popula-
tion, and several approaches to as-
sessing the validity of change scores
are recommended *6-4

1.2.5 Interpretation of score
changes

One approach to interpret changes
in PROM scores is to identify a plau-
sible score change beyond which the
patient considers the intervention
worthwhile. Jaeschke and colleagues
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were the first to introduce the con-
cept of minimal clinically import-
ant difference in 1989 #°. Since then,
a number of similar concepts have
emerged “°. In this thesis, the choice
was made to adhere to the termi-
nology of the COSMIN guidelines
%, Hence, the Minimal Important
Change (MIC) is used to describe the
smallest detectable change in score
that is considered important to pa-
tients *. Another variable that should
always accompany the MIC is the
Smallest Detectable Change (SDC) *°,
which is the smallest change in score
that is not due to chance.

The SDC is based on population vari-
ability in change and does not say
anything about the patients’ opinion
of the outcome, and therefore the
MIC is the parameter of choice when
it comes to interpreting score chang-
es. The problem, however, is that the
SDC is sometimes larger than the
MIC, making it impossible to distin-
guish MIC from chance (Figure 3).
Usually only one of the two is given in
a scientific paper.

Parameters of interpretability such
as the SDC and MIC can be assessed
by several methods - either an-
chor-based or distribution-based, or
by the Delphi method. There is no
consensus as to which one is prefera-
ble to the other. It has been proposed
that the SDC should be determined
with a distribution-based method
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and the MIC with an anchor-based
method in the same population, and
that a combination of the two should
be used in the interpretation of
change scores °'°2475354 Parameters in
distribution-based methods include
the effect size (ES), the standardized
response mean (SRM), and the SEM.
Anchor-based approaches include
average change in score, change dif-
ference, minimum detectable change
(95% CI), and ROC curve (area un-
der the curve), and they usually in-
volve the patient’s self-assessment of
change as the reference criterion or,
less commonly, a clinical anchor. The
anchor assigns patients into groups
reflecting their degree of change “.

One way of circumventing the diffi-
culties in the interpretation of chang-
es in PROM scores is simply to es-
timate the patient’s current health
state only at follow-up. Tubach et al.
described the cut-point in a PROM
score above which the current health
state at the follow-up is satisfactory
- the “patient-acceptable symptom
state” (PASS) % . According to a study
by van Hoof et al., the ODI equivalent
to PASS was 22 56.

1.3 PROMSs in Swespine
1.3.1 EQ-5D-3L
The European Quality of Life 5-di-

mension questionnaire is a stan-
dardized instrument developed by
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a

Change NOT statistically significant

Change statistically significant, but NOT important

} >
and NOT important o o )
< > Change statistically significant AND impo rtant
no change T maximum change
MIC
SDC
b Change important, but can NOT be distinguished from

Change NOT statistically significant
and NOT important

< »
« L

measurement error
>

Change statistically significant AND important

I ’

maximum change

SDC

Figure 3. a. Interpretation of change when MIC is larger than SDC. b. Interpretation of change

when MIC is smaller than SDC.

Reproduced from the Journal of Clinical Epidemiology with permission from Elsevier.
Reproduced from Measurement and the Measurement of Health with permission from Wolters

Kluwer Health.

the EuroQol Group as a measure of
health-related quality of life 5%, With
the descriptive part of the instru-
ment, the patient can classify his or
her health in five dimensions - mo-
bility, self-care, usual activities, pain/
discomfort, and anxiety/depression
- with three levels of severity: no
problems, moderate problems, or ex-
treme problems. The score can either
be presented as a health profile or be
converted to a single summary index
number (utility) reflecting prefera-
bility compared to other health pro-
files. Value sets have been derived for
EQ-5D in several countries, among

others Denmark and Norway. These
value sets have been obtained using
the EuroQol Visual Analogue Scale
(EQ VAS) or the Time Trade-Off (TTO)
techniques, and reflect the opinion of
the general population (see below).

The EQ VAS is a vertical scale ranging
from O (representing worst imagin-
able health) to 100 (best imaginable
health). As the respondent fills out
the 5-dimension questionnaire, he/
she is asked where on the scale his/
her current state of health should be
positioned. In the TTO task, the re-
spondents are asked to imagine liv-
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ing in a certain health state for ten
years and then to specify how many
years they are willing to give up living
in full health instead. Swedish experi-
ence-based value sets were published
in 2014 %° but have so far not been im-
plemented in Swespine. Instead, Brit-
ish value sets derived by the TTO tech-
nique are used ©. The Swedish value
sets were found to be more accurate
in terms of representation of Swedish
total hip replacement patients, than
the UK TTO value sets, and are used in
the Swedish hip arthroplasty register
since 2017 6263,

The EQ-5D is a relatively short ques-
tionnaire that is considered easy to
complete. However, the questions
may appear irrelevant to patients with
alow degree of impairment . Its mea-
surement properties have been tested
in populations with low back pain, al-
though with contradictory results ®.
It is notable that the distribution of
the weighted (value-set based) means
is bimodal. It appears that the index
systematically divides the population
in two: one with a less severe health
state and one with a more severe
health state. This has been considered
to be a difficulty in group comparisons
when presenting the EQ-5D index
with central tendency and disper-
sion in clinical practice or in trials .
Furthermore, the EQ-5D lacks an al-
gorithm that handles missing data. In
2009, another version with 5 response
levels was introduced by the EuroQol
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Group, increasing the sensitivity and
reducing the ceiling effect .

1.3.1.1 Measurement properties and
interpretability of the EQ-5D

Parameters of reliability for the EQ-
5D in populations with degenerative
spinal conditions are scarce in the lit-
erature ®. In a Norwegian retest study
with a 2-week interval based on 200
patients with rheumatoid arthritis, the
ICC was 0.79 (0.68-0.87) %. In a retest
study by Mannion et al. including 63
patients with chronic low back pain,
the ICC was also 0.79 %. The reliability
as measured by 95% Limits of Agree-
ment was 0 + 0.27 %, The EQ-5D has
been found to be responsive in pop-
ulations undergoing lumbar surgery
with an AUC of 0.75-0.97 %2,

According to a review by Coretti et al.,
the MIC for the EQ-5D in LDH and LSS
populations varies from 0.15 to 0.43 .
In a population with chronic low back
pain randomized to two programs of
physiotherapy the 95% CI for SDC
was 0.28 and that for MIC was 0.09 .
In a Norwegian population operated
for disc herniation, the MIC was 0.3 7.
In another study from Norway on 172
patients with DDD, the SEM was 0.16,
the SDC 0.43, and the MIC 0.17 ™. In
a Swiss population with chronic low
back pain, the SEM was 0.12 and the
95% CI for SDC was 0.33 5. In light of
the large SDCs, the interpretation of a
MIC in the EQ-5D is problematic.
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1.3.2 SF-36

One of the most commonly used
generic tools for measurement of
health-related quality of life is the
Short Form-36 (SF-36). The SF-36
was constructed to survey health sta-
tus in the Rand Medical Outcomes
Study during the 1980s 7. It reflects
the WHO definition of health as a
state of ..."physical, mental, and social
well-being, and not merely the ab-
sence of disease or infirmity” 7.

The SF-36 is a multiple-item scale
that assesses eight health concepts:
(1) limitations in physical activities
because of health problems; (2) lim-
itations in social activities because of
physical or emotional problems; (3)
limitations in usual role activities be-
cause of physical health problems; (4)
bodily pain: (5) general mental health
(psychological distress and well-be-
ing); (6) limitations in usual role activ-
ities because of emotional problems;
(7) vitality (energy and fatigue); and (8)
general health perceptions.

The respondent is given 36 questions
about his or her health state during
the previous 4 weeks, 35 of which
(the one being left out is a separately
reported transition question) are put
in an algorithm to compute scores
of the eight subscales, which can be
transformed to scales ranging from 0
(worst) to 100 (best).

The SF-36 has been found to be val-
id, reliable, and responsive in popula-
tions with low back pain 7. However,
a recent review reported that studies
assessing measurement properties of
SF-36 in low back pain populations
were of low quality ®. The subscales
can be merged into a physical dimen-
sion, called the Physical Component
Summary (PCS), and a mental dimen-
sion, called the Mental Component
Summary (MCS). The correct calcu-
lation of the summary measures re-
quires the use of special algorithms,
which can be purchased from the
private company QualityMetric. The
algorithms are constructed so that
the highest score on PCS is obtained
when the scores on the physical
scales are high at the same time as
the scores on the mental scales are
low. This means that if there are very
low scores on the mental subscales,
a high score on PCS may reflect low
mental health, instead of reflecting
the true existence of good health. It
is therefore recommended that the
composite scales be presented and
interpreted together with the eight
subscales .

The SF-36 uses a norm-based scoring
algorithm where each scale is scored
to have a standardized mean of 50 and
a standard deviation of 10, relative to
the general population norms. Swed-
ish norms are found in the Swedish
Manual and Interpretation Guide ™.
The norm-based scores vary some-
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what in range; they do not go as low
as 0 and never above 70. This must be
considered in comparisons of differ-
ent studies.

The SF-36 provides an algorithm
for the handling of missing data but
has no score that reflects overall
health-related quality of life. The
Swedish version of the SF-36 has
been psychometrically tested 808 A
decision to end the collection of SF-
36 data in Swespine was made in 2016.

1.3.3 ODI

The Oswestry Disability Question-
naire (ODI) was initiated by John
O’Brien in 1976 using interviews of pa-
tients with low back pain done by the
orthopaedic surgeon Stephen Eisen-
stein, and the occupational therapist
Judith Couper and the physiothera-
pist Jean Davies. The objective was to
identify the disturbance of activities
of daily living through chronic back
pain . It was published in 1980 8 and
subsequently became one of the most
common PROMs used in the outcome
assessment of lumbar spine surgery.

The Swedish version (ODI version
2.1a) used in Swespine is the one rec-
ommended for general use 8%, It
consists of ten items that assess the
difficulty in carrying out various ac-
tivities of daily life (personal care, lift-
ing, walking, sitting, standing, sleep-
ing, sex life, social life, and travelling)
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in light of the patient’s back pain. The
questions are answered according to
the patient’s functional status “today”.
Eachitem is scored from O to 5. High-
er values represent greater disability.
The total score is divided by 50 (total
possible score) and then multiplied by
100 to express the score as a percent-
age. If one or two sections are missed,
the score may be summarized as fol-
lows: (total score/(5 x number of
questions answered)) x 100% .

The ODI has been validated, modi-
fied, and improved - and also adapted
to other cultures ®. Its psychomet-
ric properties have been tested with
modern techniques & supporting
the use of the single summary score.
However, there are concerns about
large floor effects and small ceiling
effects, and true unidimensionality
(i.e. whether it appears to measure
solely the one dimension of back dis-
ability) 88, Gabel et al. concluded that
the overwhelming influence of pain
on the response options and the fact
that estimates determining respon-
siveness and error are at approxi-
mately the same levels as those for
numeric rating scales for back pain,
suggests that the same response may
be obtained by using no more than a
single question %.
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1.3.3.1 Measurement properties
and interpretability of the ODI

The ICC was 0.97 (0.94-0.98) in a re-
test situation with a time interval of
2-14 days in a population selected for
lumbar surgery . In another retest
with 20 patients with a one-week in-
terval, the ICC was 0.83 °. The ODI
has been found to be responsive to
change in populations undergoing
lumbar surgery, yielding AUC values
of 0.85-0.94 7092772

In studies on spine populations with
chronic low back pain and/or sci-
atica, recruited as surgical candi-
dates or treated with decompression
and fusion, the SEM was within the
range of 3.54 to 4.62 points. The SDC
was 8.2-12.8 and the MIC was 9.0-20

pOintS 93,74,90,92,94,95,71,72.

1.3.4.VAS and NRS for back or leg
pain

A 10-cm horizontal line with no
marked gradation - the Visual An-
alogue scale - has been a common
pain assessment tool and outcome
measure for decades. The way of
graphically rating pain was borrowed
from psychology, where it was used
to measure traits such as personality,
depression, and sleep. The VAS pain
scale was introduced into medical
research by Huskisson in 1974 . The
left end of the line is marked “no pain”
and the right end is marked “worst

imaginable pain” A mark on the line
placed by the patient represents the
current level of pain. The distance be-
tween the left end and the mark is re-
ported in centimetres or millimetres.

An alternative to the VAS is the Nu-
meric Rating Scale (NRS) which has
the same anchors at both ends but is
marked from O to 10. The scales are
the most frequently used tools for
measuring pain intensity in low back
pain ¥. A recent review concluded
that there is no evidence that either
of the scales is superior to the other
in terms of measurement properties
9 and the minimal important change
has been reported to be of equal size
% but the VAS has more practical dif-
ficulties than the NRS %! Thus, in
2016 Swespine switched to the NRS.
According to Graves et al., simple sin-
gle-item measures like the VAS may
be less accurate than multiple-item
questionnaires when a complex trait
such as pain is to be measured 1%,

1.3.4.1 Measurement properties
and interpretability of the VAS
or NRS

BACK

BACK

In a reliability study of the Swespine
register, the ICC for VAS, . was
found to be 0.78 (0.66-0.87) . The
VAS,, . and NRS_, .. have been found
to be responsive in populations un-
dergoing lumbar surgery, showing
AUC values of 0.93 (VAS,,.) '™ and

0.78-0.88 (NRS,, ) 0927,

BACK
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The SDC and MIC for VAS,, . were
15 mm and 18 mm, respectively, in
the study by Hagg and colleagues
%, Parker et al. defined the SDC and
MIC for VAS,, ., in two populations
undergoing revision lumbar surgery.
The authors found that the 95% CI
for SDC was between 2.2 and 3.8 cm
and that for MIC was between 4.0 and
6.0 cm 7. In another study by the
same authors, two different transi-
tion questions were tested as crite-
rion standards (anchors) in patients
with spondylolisthesis, operated with
fusion. The conclusion was that the
SDC in VAS,, ., was 2.1-24 cm (de-
pending on which anchor was used)
and the MIC was 2.0 cm for both an-
chors 1,

The SEM for NRS,, . in a popula-
tion undergoing lumbar surgery was
found to be 0.42; the 95% CI for SDC
was 1.19 and that for MIC was 2.5%. In
a population with chronic low back
pain randomized to either one of two
physiotherapy programs, the 95%
CI for SDC was 4.5 and that for MIC
was 2.57. In other studies on lum-
bar surgery populations — where the
SEM and SDC were not presented -
the MIC for NRS,, . varied within the
range of 1.2 to 2.5 ™%,
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1.3.4.2 Measurement properties
and interpretability of the VAS . or
NRS, ..

In a reliability study of the Swespine reg-
ister, the ICC for VAS . was 0.88 (0.81-
0.93) %, The VAS . has been found to
be responsive in populations undergoing
lumbar surgery, with AUC values of 0.93
"for VAS,; , and 0.72- .84 %7 for NRS | ..
The SDC and MIC for VAS . were 5.0
cm, and 6.0 cm respectively, for patients
undergoing surgery for recurrent spinal
stenosis, according to Parker et al. ™. For
patients operated for spondylolisthesis,
the SDC varied between 2.5 and 2.8 cm
and the MIC was 2.2 cm 1%,

The SEM in a population undergoing
lumbar surgery was 0.49; for NRS . the
95% ClI for SDC was 1.58 and that for MIC
was 1.5%. In studies not presenting distri-
bution-based estimates, the MIC varied

between 1.6 and 3.5 %7,
1.3.5 Global Assessment

The Global Assessment (GA) is a so-
called Transition Question (TQ). ATQ as-
sesses patients’ retrospective perception
of treatment effect. In 1989, Jaeschke et
al. reported on the use of patient retro-
spective rating of change by a global TQ
49, and it is now the most commonly
used method for determining whether
or not a score change is important to pa-
tients .
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The question in GA is worded as
“How is your back/leg pain today
as compared to before you had your
back surgery?” with six response op-
tions on a Likert format scale - (0) I
had no back/leg pain, (1) Completely
pain-free, (2) Much better, (3) Some-
what better, (4) Unchanged, and (5)
Worse - and has been used as end-
point in several studies 94105108 The
scale is considered to be asymmetric,
as it has an uneven number of re-
sponse options on either side of the
“unchanged” option. However, since
there is a response option that no
change has occurred, not forcing the
patient to label herself or himself as
being better or worse, one can argue
that the scale is balanced #.

The simple TQs have a high face va-
lidity #. Although the wordings and
number of response options vary be-
tween TQs, the ability to differentiate
between improved and unchanged
patients does not appear to be signifi-
cantly affected . However, the TQ
should have an adequate correlation
to the outcome measure under val-
idation 448, Recall bias, for example
because of influence of the current
health state and also the risk of not
covering all important aspects of the
trait to be measured, has called the va-
lidity of the TQs into question °.

1.3.6 Satisfaction

The question regarding Satisfaction is
worded as “How would you describe
your satisfaction with the surgical
outcome?”, with the response options
(1) Satisfied, (2) Uncertain, and (3) Dis-
satisfied. As a question about content,
the Satisfaction is regarded as a pa-
tient-reported experience measure
(PREM) 22, This kind of outcome mea-
sure, which is focused on patient eval-
uation of the hospital visit as a whole,
especially the patient-provider in-
teractions, has attracted a growing
amount of attention. Communication
with nurses, pain management, and
timeliness of assistance have shown
the highest degree of correlation
with overall satisfaction; communica-
tion with doctors ranked fifth. Time-
liness and the existence of a clear re-
lation to the intervention of interest
appear to be important factors in the
explanation of inconsistent results
in studies concerning PREMs. There
is no common approach to defining
satisfaction ™. It is unclear whether
the Satisfaction in Swespine should
be considered a true PREM, since it
specifically asks about the attitude to
the surgical outcome and not to the
hospital visit as a whole.

37



Introduction

1. 4 Timing of follow-up with
PROMs

A reasonably sufficient number of fol-
low-ups to capture the main results
of the surgery is important for the
internal and external validity of a reg-
ister, as are also the response rates
at follow-up. Costs of distribution of
follow-up questionnaires and data
management, and also unwillingness
of patients to respond at follow-up,
are reasons to keep the number of
follow-ups low. A follow-up period
of at least one year is recommend-
ed, and several spine registers also
collect outcome data at 2 years, and
a few at 5 and 10 years after interven-
tion °¢. The results, if measured with
PROMs, appear to stabilize between 1
and 2 years "2 calling into question
the need for a follow-up at both 1 and
2 years.

1.5 Missing data

Although recommended in guide-
lines ™° the reporting of missing
data, management of missing data,
and the possible impact that miss-
ing data might have on the outcome,
are rarely reported in spine register
research °. Statistically demanding
models and also the complexity of
the mechanisms behind missingness
probably intimidate many clinically
active researchers and the reporting
of response rates has to suffice 2.
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Data that were planned to be collect-
ed in a register, but never were, de-
serve attention - as the consequence
might be that the internal validity (i.e.
the robustness of the conclusions) or
the external validity (i.e generalizabil-
ity) is affected. An unwanted scenario
in connection with a national quali-
ty register might be that routines or
guidelines are implemented on false
grounds ™.

1.5.1 Mechanisms of missing data

Two statisticians - Donald Rubin and
Roderick Little - have had a particu-
larly profound influence on missing
data management. Although statis-
tical models on handling of missing
data in RCTs were described as ear-
ly as in the 1930s ™, it was not until
the work of Rubin and Little in 1987
that this topic gained an obvious role
in the broad scientific arena 3. Rubin,
who was aiming for a degree in psy-
chology, ended up studying statistics
since the Head of the psychology de-
partment found his undergraduate
education to be scientifically defi-
cient in statistics.

Rubin's and Little’s classification
system for missing data is the foun-
dation for many of the missing data
handling techniques. They defined
missing data according to the statis-
tical properties of the data: missing
data are either missing completely at
random (MCAR), conditionally at ran-
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dom (MAR), or not at random (MNAR)
16, Despite the acceptance and wide-
spread use of these concepts, con-
fusion easily arises around them. To
facilitate the assessment of missing
data, McNight and colleagues sug-
gested an expansion of the system, as
shown in Table 1.

1.5.2 Dimensions where data
might be missing

In Swespine, sociodemographic
data, transition questions, and mul-
tiple-item outcome questionnaires
are collected on up to six occasions
for each patient. Hence, data can be
missing in a variety of different ways.
Firstly, one or several responses
can be left out in a PROM question-
naire, indicating missingness at the
item level. Secondly, when the entire
PROM or a single-item variable is
missing, the variable level is affected.
Thirdly, when all data are missing for
a participant or for a subgroup on one

or several occasions, the missingness
is at the individual level and/or the
occasion level.

1.5.3 Reasons for data being
missing

The causes of missing data may be
related to the characteristics of the
study participants, or to the register
design, or a combination of both. For
instance, if data cannot be collected
because of attitudes to sharing per-
sonal information, participant char-
acteristics is the underlying cause.
If the questionnaires are left unan-
swered because they are too time
consuming to fill in, the cause is
linked to the design of the register.

Many studies covering various pop-
ulations have found that differences
in gender, age, personality, econom-
ic and educational prerequisites, and
way of living are common between
people who accept participation in

Table 1. Merging of classification systems for missing data

MCAR

MAR MNAR

Subjects randomly omit

Variable (item) responses

Subjects omit responses
that are traceable to other
responses

Subject fails to respond
to incriminating items

Subject data missing at

Subject data missing but | Subject data missing and

Individuals/ Subjects | 3ndom related to available relate to unmeasured
demographic data demographic data
Subjects randomly fail to | Subjects who perform Subjects who are doing
Occasions show up to data poorly at previous poorly at the time of the

collection session

session fail to show for session fail to show

subsequent session

MCAR, missing completely at random; MAR, missing at random; MNAR, missing not at random.
Reprinted from “Missing Data, a Gentle Introduction” by McKnight P, McKnight K, Sidani S, and
Aurelio JF, 2007. Editor: Kenny A. With permission from Guildford Press.
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surveys and trials and those who do
not. This difference remains when it
comes to the probability of dropping
out from study participation (i.e. at-
trition) 7122,

An unwillingness to respond (because
of lack of time, interest, or satisfac-
tion with the results) or an inability to
respond (due to linguistic difficulties
or declining health status, or death)
further illustrate that the drop-out
group is heterogeneous *°.

Non-response due to refusal or
failure to contact has been associ-
ated with sociodemographic and
socio-economic factors, where-
as non-response due to morbidity
and mortality has been predicted by
health-related variables "2,

A study of the Swedish fracture regis-
ter found that the most common rea-
sons for non-response were not hav-
ing received the questionnaire, lack of
time, lack of interest, and inability to
respond because of illness. Only 1% of
non-respondents reported that dis-
satisfaction was a reason for non-re-
sponse 2% Solberg et al. concluded
that the most common reason for loss
to follow-up in the Norwegian spine
register was forgetfulness ', while a
study based on the Danish spine reg-
ister found that lack of time, survey
tiredness, and lack of improvement
were the most common reasons. As
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in the fracture register study, only a
few individuals reported that dissat-
isfaction with outcome was a reason
for non-response.

Norqvist et al. * reported that there
was a significant difference in phys-
ical function between study partici-
pants who were requested to assess
their shoulder function via telephone
as opposed to mail, highlighting the
influence of study design. The authors
also reported that study drop-outs
had a considerably worse shoulder
function than respondents, indicat-
ing that adverse events or treatment
failure are factors that require more
attention in registers; this was also
the conclusion in a study on hip ar-
throplasty survival '*".

1.5.4 Example of missing data in
Swespine

A simple analysis of data from
Swespine on patients who were op-
erated on for degenerative lumbar
conditions during 2006, and who
were monitored 1, 2, 5, and 10 years
postoperatively with ODI, is shown in
Figure 4. The largest loss to follow-up
occurred on the first follow-up occa-
sion (26.5%), and after that there was
a drop in the response rate of about
10% at each follow-up. At the 10-year
follow-up, nearly 57% of the operated
patients were lost.
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Depending on the research question,
one has to decide on what level miss-
ing data might be important: on the
individual level, or on the occasion
level. If, for instance, the focus is on
the outcome at follow-up, the miss-
ing data problem is at the individu-
al level and one must try to find out
whether the missing data are related
to any covariates. If the focus, for ex-
ample, is on differences in outcome
between the first and second fol-
low-up occasions and a subgroup of
individuals have had a second surgery
during this time and therefore fail to
respond, there may be a missing data
problem at the occasion level.

Figure 5 depicts that the ODI might
have had a missing data issue at the
item level, because item number 8
stands out as missing to a higher
degree than the other items on all
follow-up occasions. This item asks
about sexual function in relation to
back pain. If this question is of impor-
tance for the research question, then
it must be dealt with. But if the ODI
index algorithm - which allows for a
loss of two items - is used, this prob-
lem may be disregarded.

1.5.5 Missing data handling
techniques

There are numerous techniques for
handling missing data. McKnight et
al. offer non-statisticians an intro-
duction to the topic and the following

paragraphs are a very short summa-
ry . In statistical software packages,
listwise deletion or pairwise deletion
is often the default procedure for
handling missing data. The former
method means that any observation
(e.g. patient) with at least one miss-
ing value is excluded from the anal-
ysis, and the latter excludes data at
the variable level. When pairwise de-
letion is used, the patients providing
data for one variable could be differ-
ent from those providing data for the
other.

As indicated by the name, data aug-
mentation procedures augment a
dataset with extra information pro-
vided by an assumed underlying dis-
tribution or probability model. Max-
imum Likelihood and Markov Chain
Monte Carlo are examples of aug-
mentation procedures.

In single-imputation procedures,
missing values are replaced with a
single value, for instance, a value on
the second follow-up occasion sub-
stitutes for a missing value on the
third occasion. Multiple imputation
produces multiple estimates for each
parameter, which are combined to
obtain the single best estimate for
the parameter of interest. Multiple
imputation has the ability to estimate
what impact the missing data have on
results and conclusions drawn from
the results.
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Figure 4.Percentage of patients registered in Swespine who were operated for degenerative
lumbar spine conditions in 2006 and who returned the follow-up booklet at follow-up 1, 2, 5, and

10 years postoperatively. 100% = 4,732 cases.

Most missing data handling tech-
niques assume that data are MCAR
or MAR. It is therefore important to
get as much information as possible
about the missing data, in order to
estimate whether a missing data han-
dling procedure should be used or
whether the risk of introducing bias
is too high. Multiple imputation was
used in a recently published paper
based on Swespine data 2.

1.6 Degenerative conditions in
the lumbar spine

The lower back is “a weak spot” in hu-

mans. The lifetime prevalence of low
back pain is up to 80% '*°. Experimen-
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tal studies have shown that low back
pain can be initiated by noxious stim-
ulation of selected structures such
as muscles, facet joints, interspinous
ligaments, the dura mater, and the
posterior surface of the disc ®°. The
stimulation of the same structures
may also cause a somatic referred
pain in the legs, without neurologi-
cal signs or dermatomal pattern. It is
described as dull, aching, and gnaw-
ing - in contrast to the radicular pain,
which is sharp and radiates along the
leg with a width of no more than 5-10
cm 130.
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Figure 5The 10-item Oswestry Disability Questionnaire at the time of surgery, and at follow-up
(FU) 1, 2, 5, and 10 years postoperatively. Each coloured bar represents one item. The largest drop
was seen between baseline and FUL Thereafter, response rates dropped by approximately 10%
on each occasion. Note that item number 8 was left out by the respondents to a considerably

greater extent than the other items. N, .,

Degeneration of the spine has a com-
plex aetiology involving an age-relat-
ed process influenced by mechanical
and genetic factors . Degenerative
changes, defined as the presence of
intravertebral disc changes and, at
a later stage, disc space narrowing,
osteophytes, and sclerosis *?, do not
have an obvious causal relationship
to low back pain, although certain
changes are more common in low
back pain populations 3. The most
common degenerative conditions in
the lumbar spine that may lead to a
surgical intervention are described
below.

varied between 3,414 and 3,966.

1.6.1 Lumbar disc herniation

A disc herniation occurs when a por-
tion of the nucleus pulposus is pushed
out through a tear in the annulus fi-
brosus. When the radicular leg pain is
resistant to conservative treatment,
a surgical removal of the hernia with
a conventional or microscopic tech-
nique is offered. A minority of the pa-
tients are treated with a supplemen-
tary fusion.

1.6.2 Lumbar spinal stenosis
Spinal stenosis is caused by narrow-

ing of the spinal canal due to disc
degeneration, facet joint arthritis,
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and thickening of the ligamentum
flavum. The location of the stenosis
is described by the terms “central
stenosis”, “lateral /recess stenosis’,
and “foraminal stenosis” Degenera-
tive slips usually occur at one of the
lower levels of the lumbar spine as a
result of long-standing disc and facet
degeneration ®!. When conservative
treatment has failed, there may be an
indication for surgery, which includes
central, lateral, or foraminal decom-
pression with or without fusion ™.
Spinal stenosis is the most common
reason for surgical intervention in the
lumbar spine. The aim of the surgery
is to relieve pain in the buttocks and
the legs.

1.6.3 Degenerative changes and
chronic low back pain

Low back pain without radicular pain
may be caused by rare entities such
as tumours, fractures, or infections.
However, in most cases the pain usu-
ally decreases over time, or recurs
intermittently, and the underlying
cause is never found "¢. A subgroup of
carefully selected patients - labelled
degenerative disc disorder (DDD)
- with MRI-verified degenerative
changes in one or several of the lower
levels of the lumbar spine, and severe
chronic low back pain that is resistant
to long-term conservative treatment,
may be subjected to surgical inter-
vention ¥, It is debated whether
or not the so-called high-intensity
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zones, and Modic changes type 1 and
2, seen on MRI are associated with an
increased rate of low back pain . In
a recent study, Modic changes were
not found to be associated with long-
term pain, disability, or sick leave .

Surgical options include posterolat-
eral fusion, interbody fusion, and to-
tal disc replacement with the ultimate
goal of reducing low back pain®*.

Spondylolysis is defined as a dis-
ruption of a vertebral structure; and
spondylolisthesis refers to any for-
ward slipping of one vertebra onto
the one below it ®%. The most com-
mon form of spondylolisthesis is isth-
mic spondylolisthesis, which includes
a fibrous defect in the pars interar-
ticularis. Surgical options are in situ
posterolateral or interbody fusion
with or without decompression.

1.6.4 Reporting of Swespine data

Each vyear, the Swespine register
presents a summary of the collect-
ed data in the Annual Register Re-
port. As an example, Figure 6 shows
that spinal stenosis is by far the most
common reason for surgery. In 2019 a
total of 2,554 patients were operated
for lumbar disc herniation, 5,512 for
spinal stenosis, 334 for isthmic spon-
dylolysis or spondylolisthesis, and
711 for DDD %. As shown in Figure 7,
there is a difference in PROM score
between diagnostic groups.
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M 26,2% -Disc hemiation -
paramedial and central

m 49,5% -Spinal Stenosis -
central

H 10,9% -Spinal Stenosis -
lateral and foraminal

A

M 3,2% -Spondylolisthesis

M 6,3% -Degenerative Disc
Disorder

M 3,9% -Other diagnoses

Figure 6. Breakdown of treated conditions of the lumbar spine registered in Swespine during
2017 (9,484 patients). Reproduced from the Swespine Annual Report (2017) with permission from
the Board of the Swedish Society of Spinal Surgeons.
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Figure 7. ODI at baseline and at one and two years after lumbar spine surgery, in relation to
diagnosis, for patients registered in Swespine during the period 1998-2015. LDH, lumbar disc

herniation; LSS, lumbar spinal stenosis; DDD, degenerative disc disorder. Only patients who
responded on all three occasions are presented. LDH: n = 9,844; LSS: n = 17,325; DDD: n = 5,339
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Painted by Ingrid Johansson, a dear friend suffering from chronic back and leg pain arising from a
spondylodiscitis.
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2. AIM

The overall aim of the work included in this thesis was to find ways to simpli-
fy the assessment of patient-reported outcome without any loss in scientific
credibility. Specifically, the thesis aimed to find answers to the following ques-
tions:

L. Would it be possible to use only one retrospective question
in the assessment of effectiveness in spine surgery? (Study I).

2. Could one year of follow-up be sufficient - as opposed to two
years - when measuring the results of spine surgery if PROMs
are used as outcome tools? (Study II).

3. What is the smallest clinically relevant change in outcome of
each PROM? Does the size of that change vary between
populations with different degenerative spinal disorders? Is
the PROM sensitive enough to detect a clinically important
change? (Study III).

4. Are PROM data affected by loss to follow-up? If so, how?
(Study 1V).
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3. PATIENTS AND METHODS

3.1 Ethical approval

Patients are informed in writing
about their voluntary participation in
Swespine, with an opt-out procedure.
To use Swespine data in research, ap-
proval from the owners of the register
(the Society of Swedish Spinal Sur-
geons) and also the Ethics Committee
is required. The current studies were
approved by the Ethics Committees
in Gothenburg and Stockholm (Dnr
1039-15 and Dnr 2014/5:1, respective-
ly). In study I1I, the retest participants
gave their written consent.

3.2 Patient recruitment

In all studies, patient data were
retrieved from the Swespine database.
In addition, in study III participants in
the retest study were recruited from
GHP spine centres in Gothenburg and
Stockholm. In study IV, Swespine data
were linked to data from Statistics
Sweden, the Social Insurance
Authority, patient administrative
systems, and the National Patient
Register.

3.3 Inclusion criteria and exclusion
criteria

3.3.1Studies |, Il, and Il

Patients operated for degenerative
lumbar spine disorders who were reg-
istered in Swespine and who were di-
agnosed with disc herniation, spinal
stenosis, chronic low back pain, spon-
dylolysis, or spondylolisthesis were
all eligible. There were no limitations
regarding age, comorbidity, previous
history of back surgery, or surgical
method.

The patients were divided into three
groups: those operated for disc her-
niation (LDH), those operated for spi-
nal stenosis (LSS), and those operated
for degenerative disc disorder (DDD).
The stenosis group included central as
well as lateral and foraminal stenosis.
The third group consisted of patients
diagnosed with chronic low back pain,
spondylolisthesis, and /or spondyloly-
sis. The rationale for merging different
diagnoses in the third group was low
back pain as an indication for surgery,
and similar levels in patient-reported
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outcomes, as shown in the Swespine
Annual Register Reports %°.

The numbers of patients included
in studies I-IIl are shown in the flow
chart in Figure 8. Between 1997 and
2015, 104,661 patients who underwent
degenerative lumbar spine surgery
were registered in Swepine. In study
I, a dataset with registrations from
1997 to 2016 was used, but it was not
noted that patients operated in 2016
were naturally excluded from analyses
because they had not yet received the
follow-up questionnaires. For study
I, an updated set of data with reg-
istrations up to mid 2017 was used,
where this particular lack of data was
not accounted for. Also, the four (')
registrations from 1997 were exclud-
ed. For studies II and III, paired data
were used, resulting in the exclusion
of cases without complete responses
to all PROMs at baseline and also at
follow-up.

Study III also contained a retest study,
where participants were obtained
from GHP Stockholm Spine Center
and GHP Spine Center Goteborg. Ef-
forts were made to mimic a real-life
setting by incorporating the retest
study into the ordinary Swespine lo-
gistics, while at the same time keep-
ing the retest situation as consistent
as possible. In order to get a repre-
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sentative sample, participants from
each of the diagnoses LDH, LSS, and
DDD were included. The diagnosis it-
self was not, however, believed to play
a decisive role in the potential varia-
tion in PROM score, since distribu-
tion-based methods - which are used
to determine measurement error and
repeatability - are assumed to be fairly
sample-independent 2. The calcula-
tions for repeatability and reliabili-
ty were therefore performed on the
whole study population without strat-
ification regarding diagnosis.

The Swespine booklet for patient-
reported data was used. To cover as
much of the range of each PROM scale
as possible, patients were included at
two different stages in relation to the
operation. Thus, one group was en-
rolled from the preoperative waiting
list (the pre-op group), and the other
was enrolled at the one-year follow-up
(the post-op group). The participants
in the former group filled out the first
booklet (T1) at the clinic on the day
they were listed for surgery. The sec-
ond booklet (T2) was sent by post one
week later, with a request to return
the questionnaire within 5 days. One
reminder was sent. The latter group
was asked to participate at the time
of the Swespine one-year follow-up
(T1). One week after the booklet was
registered at the Swespine office,
the second booklet (T2) was sent out.
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94,132 (90%o0f 104,661)

Sudy |, I, and 11l
Total number of eligible patients registered for _
surgery due to lumbar degenerative disorders Excluded from study I-lll:
in Svespine 1998-2015: other diagnoses,

104.661 obviously wrong values

’ (e.g ODI >100):

Approx. 10%

Left for inclusion at baseline:

N

LDH: LSS
30,102 50,194

DDD:
13,836

PROM s preop:

Percentage completing the various

N

Figure 8. Flow chart of studies I-III

One major concern was avoidance
of the possibility that a true change
in the attribute being measured oc-
curred during the test period. Since
the patients in the first group were on
the waiting list for surgery, they were
considered to be symptomatically sta-

71-74% 74-82% 77-85%
Percentage completing the various Retest study
— part of study lll
PROMs at FU1:
_\I I/_ Total number of individuals
Analysesin study accepting participance in
| based on these $ 55-63% 60-68% 61-68% retest StUdy: 248
cases
Percentage completing all PROMs at Percentage returning both
baseline, at FU1, and at U2 T1 and T2 booklets

Analysesin study
Il and 1l based £l> 36% 40% 42% 74,6%
on these cases

ble regarding the spine condition for
which they were awaiting treatment.
The same assumption was made for
the second group, regarding having
a stable condition between the two
measurements, because a full year had
passed since the operation.
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The number of days between the test
and the retest should neither be too
small (to avoid carry-over effects) nor
be too large (to reduce fluctuations in
symptoms) 3. The optimal timing of
measurements is not known, although
a time interval of 1-2 weeks has been
recommended 3.

Inclusion stopped when the total
number of participants exceeded 30
in each of the three diagnosis groups.
Based on an estimated ICC of 0.80, a
95% CI of +0.10, and two measure-
ment replications, a sample of at least
50 has been suggested by de Vet et al,
chapter 5 ¥. A greater precision, for
example a 95% CI of +0.05 for an ICC
of 0.80, which has been recommended
by Polit 3, would require a sample size
of 200. A sample size closer to 200 was
therefore aimed for. It was rather time
consuming to acquire study partici-
pants for the LDH group, as they were
frequently operated before the time of
T2.

3.3.2 Study IV

A flow chart of study IV is given in
Figure 9. The data were taken from
a database created in the project
“Swedish national collaboration for
value-based reimbursement and
monitoring of healthcare” 4. In this
database, Swespine data from the
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period 2008-2012 were linked at the
patient level with data from seven pa-
tient-administrative systems (cover-
ing 65% of the Swedish population),
Statistics Sweden, the National Patient
Register, and the Social Insurance Au-
thority. All individuals who fitted into
one of the diagnosis groups (LDH, LSS,
or DDD) and who answered the base-
line questionnaire were eligible. How-
ever, this time the inclusion criteria
were more stringent. Cases diagnosed
as spondylolysis or spondylolisthesis
were excluded, as were patients with
pseudarthrosis as the main diagno-
sis. Also, the subgroups were defined
by a combination of diagnosis code
and procedure code. In total, 21,961
patients were included. Non-respon-
dents were defined as those who did
not return the Swespine FU1 booklet.

3.4 Outcome variables

The same outcome variables were
used throughout the four papers, with
a few disparities (Table 2). In study I,
the EQ-5D and ODI were analyzed at
the item or dimension level, and at the
algorithm-based indices level. In study
II, Satisfaction was added. In study III,
the first question of the Short Form-
36 questionnaire (SF-36_,) was add-
ed to reveal changes in global health
during the retest period. The question
is worded: “In general, would you say
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Total number of eligible patients with
registered surgical forms and patient-
reported formsin Svespine

2008 - 2012:

Observations
with independent
variable(s)
missing:

Respondents at FU1:
3,788

Observationsin
regression analyses
regarding non-

—=> | 410(9.8%

—> | 205(12.7%

—> | 1,818 (15.8%)

—> |  528(18%

> 71(62%

>|  18(6%

seor |~
: Non-respondents at FU1:
1,404
Respondents at FU1:
1SS > 9,722
14,478
i Non-respondents at FU1:
2,410
Respondents at FU1:
DDD: 1,305
1676 |
Non-respondents at FU1:
282
Figure 9. Flow chart of study IV.
Table 2. Outcome measures
Studies
Outcome Measure | 1l 1l v
EQ-5DiNDEX X X X X
EQ-5D (items) X
SF-36 (domains) X
SF-36GH X
OoDI X X X X
ODI (items) X
V ASBACK/LEG X X X X
NRSsAcKkLEG X
GABACKLEG X X
Satisfaction X

EQ-5D, EuroQol 5 dimensions; SF-36, Short Form-36;
SF-36,,, Short Form-36 global health single item; ODI,

Oswestry Disability Index; VAS
Scale for back and leg pain, respectively; GA

Visual Analogue

BACK/LEG?
BACK/LEG®

Global Assessment for back and leg pain, respectively

response:
> 5,192
- 12,132
> 1,587

your health is” with response options:
Excellent/VeryGood/Good/Fair/
Poor. Furthermore, in the same retest
study NRS was used instead of VAS
because the latter had replaced the
former in the Swespine booklet from
2016 onwards. As the MIC calculations
were done on VAS scores, these esti-
mates were adapted to the NRS scale
by simply adding a comma.
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3.5 Statistical methods

3.5.1 Spearman rank correlations
(Study 1)

A “correlation” can be defined as “a
measure of the strength of the linear
relationship between two random
variables” . But as the concept of lin-
earity assumes that the data have in-
terval-scale properties, which the GA
does not have, it is better described
as a monotonically increasing or de-
creasing bivariate pattern, or a cor-
relation of the ranks. Hence the use
of the non-parametric Spearman’s
correlation. Confidence intervals were
calculated using the method for Pear-
son’s correlation as the distribution of
the correlations for larges samples are
similar 6.

3.5.2 McNemar's test (Study Il)

The McNemar test is a non-paramet-
ric test for paired nominal data and is
used when analyzing changes in pro-
portions for the paired data "°.

3.5.3 Receiver Operating Charac-
teristic curve (ROC) analysis (Stud-
ies |, lll, and V)

Deyo and Centor proposed scales to
be viewed as diagnostic tests and that
they could be evaluated using sensi-
tivity and specificity statistics. Thus,
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the ability of an outcome measure to
detect an improvement could be mea-
sured through a ROC curve analysis .

The Area Under the ROC Curve (AUC)
is a way of measuring the accuracy of
a diagnostic test (in this thesis, the “di-
agnostic test” is a PROM). The measure
of interest is compared with a gold
standard considered to be a perfect
test, i.e. 100% sensitivity and specifici-
ty equals an AUC of 1.0. Thus, the AUC
can be interpreted as the probability
of accurately discriminating between
a successful outcome and an unsuc-
cessful outcome. Sensitivity is inter-
preted as the ability of the cut-point
to define all patients who assessed
themselves to be “improved” on the
global perceived effect scale of choice.
Specificity refers to the ability of the
cut-point to exclude patients who did
not assess themselves as being im-
proved on the external criterion *.

The external criterion (anchor) that is
chosen as gold standard is usually a
transition question of some kind, for
example the health transition ques-
tion of the SF-36, the NASS Satisfac-
tion questionnaire, the Satisfaction
with results scale, the global perceived

effect scale, or the Global Assessment
93,70,73,94.
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3.5.4 MIC, Minimal Important
Change (Studies Il and l11)

The ROC curve provides a visual illus-
tration of the location of the optimal
cut-point (MIC) in a PROM score for
improved and unimproved patients
according to the definition set by the
transition question that was chosen as
external criterion. The choice of tran-
sition question should be based on the
degree of correlation to the outcome
measure being validated. Also, a criti-
cal point lies in the anchor’s definition
of important change 92>, The MIC var-
ies by context, population, the choice
of reference criterion, the method,
and according to the strength of the
relationship between the PROM and
the anchor ¥.

3.5.5 SDC, Smallest Detectable
Change (Study lll)

When a PROM is used repeatedly on
the same patient, there will be mea-
surement error because of natural
fluctuations in symptoms, variation
in the measurement process, or both.
The repeatability measure SDC is a
useful way of presenting the mea-
surement error in the context of score
change. The SDC is described by Polit
and Yang as a change in score of suf-
ficient magnitude that the probability
of it being the result of random error is

low *. The SDC =1.96 x 1/2 x SEM
(Standard Error of Measurement).

3.5.6 Measurement Error (Study lll)

The Standard Error of Measurement
(SEM) is a standard error in an ob-
served score that obscures the true
score and is given in the units of the
PROM *2,

By obtaining the standard deviation
of repeated measurements on the
same patient the size of the mea-
surement error can be measured.
The SEM =y/intra individual variance
The difference between a subject’s
measurement and the true val-
ue would be expected to be within
+1.96 x SEM for 95% of the observa-
tions.

The assumption that the standard de-
viation is unrelated to the magnitude
of the measurement (heteroscedas-
ticity) is checked by plotting of the in-
dividual patient’s standard deviations
against his or her means 6.

3.5.7 ICC (Study Il)

The reliability parameter used in a
test-retest reliability situation is called
the intra-class correlation coefficient
(ICC). The ICC reflects the variation
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in measurements taken by a PROM
on the same patient under the same
conditions "8 The ICC is defined as
SD? ject/ SD? - Based on the 95% CI
of the ICC estimate values, less than
0.40 indicates poor reliability, while
estimates of 0.4-0.59 indicate fair re-
liability, 0.6-0.74 good reliability, and
0.75-1.00 excellent reliability *°. The
relation between the ICC and the SEM
has been described by de Vet et al.,
Chapter 5, as SEM = SD4/(1 —ICCy
where the SD is the pooled standard
deviation of the sample and ICC, the
reliability parameter of the PROM,
is calculated with an absolute agree-
ment, two-way random-effects sin-
gle-measures model *°.

3.5.8 Kappa (Study Il1)

Another test-retest reliability param-
eter, Kappa, is used to statistically
describe test-retest reliability of cat-
egorical variables. In study III, kappa
was calculated for GA;, ;. and SF-
36,,,- A PROM can be considered re-
liable when the kappa is above 0.75,
signifying a substantial agreement .
Measurements with several response
options require the use of a weight-
ing scheme. In study III, the scheme
of quadratic weights - which is iden-
tical to an ICC of absolute agreement
according to Polit and Yang, Chapter
8 36 - was computed. An overall agree-
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ment between the two test occasions,
T1 and T2, and the proportion of re-
spondents who reported having a bet-
ter outcome at T1 than at T2, or vice
versa, were also calculated.

3.5.9 Logistic regression and
ordinary least-squares regression

(Study V)

Statistical analyses were computed
to recognize any statistically signifi-
cant systematic differences between
respondents and non-respondents
(two-sided tests at the 5% signifi-
cance level). i tests were used for di-
chotomous and ordinal variables, the
Kruskal-Wallis test was used for count
variables, and the t-test was used for
continuous variables.

Explanatory variables were includ-
ed based on clinical relevance and to
assess the possible impact of any so-
ciodemographic variables. Previous
sick leave and disability pension were
included as explanatory factors for the
disc herniation subgroup and the DDD
subgroup. Neither of these two ex-
planatory factors were used in the re-
gression analysis for the LSS group, as
only 45% of the sample was less than
65 years of age at surgery and there-
fore younger than the general retire-
ment age in Sweden at the time.
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Two different sets of logistic re-
gression analyses were performed:
(1) logistic regression analyses, with
non-response as outcome, showing
the degree of association between
baseline variables and non-response;
(2) regression analyses with PROM
values reported at FU1 as dependent
variable. Output in the regression
analyses was expressed as odds ratios
(ORs), reflecting the interplay of the
explanatory variables and the proba-
bility of non-response. Furthermore,
the output from these regression
analyses was used to predict outcome
in the non-response group. The levels
predicted were compared with the
actual outcome in the response group
for all three diagnosis groups. The
same set of explanatory variables was
used in all regression analyses.

The results were presented as propor-
tions of successful GA,, . (logistic
regression) and levels of ODI, VAS, and
EQ-5D (ordinary least-squares re-

gression), respectively.

Based on the second regression anal-
ysis, all explanatory variables included
were also used to predict the chance
of having a successful outcome of sur-
gery, for the individuals who answered
the follow-up questionnaire as well as
those who did not, to enable compar-
ison of predicted GA values for these
two groups.

Receiver operating characteristic
(ROC) values were calculated for the
regression analysis of successful out-
come, to evaluate the predictive ability
of the models.
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4. SUMMARY OF RESULTS

The baseline characteristics of each
diagnosis group are given in Table 3.

Table 3. Baseline characteristics of patients operated for disc herniation, spinal stenosis, or

degenerative disc disorder in the lumbar spine

LDH LSS DDD
(N =31,314%) (N = 53,043%) (N = 14,375%)
Age mean (SD) 45 (14) 67 (11) 47 (13)
Female % 45 54 53
Smoker % 19 12 14
Previous spine surgery % 13 20 26
Unemployed % 11 10 13
Employed % 81 37 75
Back pain> 1 year, % 36 75 89
Legpain> 1 year, % 29 69 70

* The numbers below do not always correspond to the group numbers because of missing data

4.1 Study |

In the first paper, the usefulness of the
simple transition question GA as an
overall PROM was explored.

The study population was tested in a
non-respondent analysis; comparison
of sex, age, and baseline PROM mean
scores was done using Fisher’s exact
test and the independent-samples
t-test. Although highly significant sta-
tistically, the differences in absolute
numbers were minor.

GA showed the highest correlations
to the VAS _ . in the LDH and LSS co-
horts, and to the VAS,, . in the DDD
cohort. Further, GA was correlated to
the scores at the 1-year follow-up to a
greater extent than to the score chang-
es (Figure 10). The boxplots in Figure 11
depict patient assessments of VAS, .
scores at the one-year follow-up and
of VAS, _, score changes (i.e. scores at
FU1 minus scores at baseline) accord-
ing to patient responses to GA, ,, in the
LDH group. Figure 12 shows the same

data for the LSS group, and in Figure
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13 data for the DDD group can be seen.
In the latter, VAS, . scores according
to GA,, . are shown. Two subgroups
emerged in the plots of the final VAS
scores, one consisting of patients who
considered that there had been a con-
siderable improvement, and the oth-
er with patients who considered that
there had been little or no improve-
ment. The subgroups were not as evi-
dent in the plots illustrating the score
changes. The boxplots also highlight
the large spread of VAS scores within
each GA response category, including
outliers 1.5 times and three times the
interquartile range. Note that another
set of boxplots were presented in the

1

published version of study I, showing
VAS,, ., ODI, and EQ-5D for the whole
study population (i.e. the LDH, LSS,
and DDD groups were merged).

The pain-specific domain of SF-36 as
well as the pain-specific items in the
EQ-5D, and OD], all showed a higher
correlation to GA,, . than the re-
maining domains/items (Table 4).

The discriminative ability of PROMs
with GAy, . .5 as reference criterion,
defining success and lack of success,
was examined with ROC curve anal-
yses, as shown in Figures 14-16. In all
three groups and for all PROMs, the
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Figure 10. Spearman rank correlation analyses where GA was correlated to score changes

(between baseline and FU1), and final scores (FU1) of VAS

used in the LDH and LSS cohorts, and GA

BACK

VAS, ., ODI, and EQ-5D. GA ,, was

BACK? LEG?

in the DDD cohort. Correlation coefficients were

generally higher when GA was correlated to the final scores rather than to score changes. The
correlations were higher with pain-specific and disease-specific PROMs (VAS and ODI) than with

the generic quality of life PROM (EQ-5D).
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Figure 11. Distribution of absolute scores at FU1 (a), and score changes (b) in VAS , . according to GA .

in the LDH cohort. Self-assessments such as “pain-free” and “much better” were considered to be a
successful outcome. This cut-off was more evident for final scores than for score changes.
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Table 4. Spearman rank correlations between Global Assessment and specific items/domains in
OD], SF36, and EQ-5D at one year postoperatively

ODI Vs GA SF-36 vs GA EQ-5D Vs GA
GABACK  GALEG GABACK  GALEG GABACK  GALEG

Pain intensity  0.73 0.58 PF -0.56 -0.52 | Mobility -0.46 -0.47

Personal care  0.55 0.46 RP -0.51 -0.46 Self-care -0.27 -0.24

Lifting 0.52 0.43 RE -0.40 -0.37 | Ususal Activities -0.48 -0.42

Walking 0.48 0.47 SF -0.50 -0.45 | Pain/Discomfort -0.61 -0.53

Sitting 0.51 0.43 BP -0.69 -0.60 | Anxiety/Depression -0.40 -0.35

Standing 0.56 0.48 MH -0.43 -0.38

Sleeping 0.53 0.49 VT -0.54 -0.46

Sex life 0.53 0.47 GH -0.49 -0.44

Social life 0.58 0.51

Travelling 0.58 0.51

The number of respondents in each item ranged from 50,212 to 58,879 in the ODI, from 63,597 to
65,823 in the SF36, and from 61,299 to 61,680 in the EQ-5D.

PF, physical functioning; RP, role limitations due to physical health; RE, role limitations due to emo-
tional problems; SF, social functioning; BP, bodily pain; MH, general mental health; VT, vitality; GH,
general health perceptions
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Figure 14. LDH cohort. ROC analyses based on individuals with complete responses to all PROMs
at baseline and at the one-year follow-up. VAS (AUC for final score: 0.93; AUC for score change:
0.87), ODI (AUC for final score: 0.89; AUC for score change: 0.82), and EQ-5D . (AUC for final
score: 0.86; AUC for score change: 0.86) The analysis on final scores is given on the left and the
analysis on score changes is given on the right (n = 10,855).
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Figure 15. LSS cohort. ROC analyses based on individuals with complete responses to all PROMs

at baseline and at the one-year follow-up. VAS _(
0.86), ODI (AUC for final score: 0.84; AUC for score change: 0.80), and EQ-5D

INDEX

AUC for final score: 0.91; AUC for score change:
(AUC for final

score: 0.83; AUC for score change: 0.72) The analysis on final scores is given on the left and the

analysis on score changes is given on the right (n = 19,805).
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Figure 16. DDD cohort. ROC analyses based on individuals with complete responses to all PROMs
at baseline and at the one-year follow-up. VAS, (AUC for final score: 0.92; AUC for score change:

0.86), ODI (AUC for final score: 0.91; AUC for score change: 0.88), and EQ-5D

AUC for final

INDEX (

score: 0.88; AUC for score change: 0.75) The analysis on final scores is given on the left and the

analysis on score changes is given on the right(n = 6,522).
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discriminative ability improved when
final scores rather than score chang-
es were used. The overall quality, ex-
pressed as AUC, was better for the
VAS and ODI than for the EQ-5D, sug-
gesting that the GA has the ability to
measure outcomes in pain and back-
pain related disability, but it measures
health-related quality of life less well.
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4.2 Study I

The aim of the second paper was to
investigate possible clinically relevant
differences in outcome between the
first follow-up occasion and the sec-
ond follow-up occasion.

A considerable change in PROM score
was seen in all groups between base-
line and FUI. Changes thereafter were
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Figure 17. Median values (with 95% confidence intervals) of four PROMs at baseline, and at FU1

and FU2 in the diagnostic groups lumbar disc herniation (LDH; n = 31,314), lumbar spinal stenosis
(LSS; n = 53,043), and degenerative disc disorder (DDD; n = 14,375). At baseline, 17-35% of the data
were missing. At FU1, 33-45% of the data were missing, and at FU2 the corresponding proportion

was 47-56%.
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Table 5. Mean and median PROM estimates before surgery, at the one-year follow-up, and at the
two-year follow-up in patients who were operated for disc herniation, spinal stenosis, or degen-

erative disc disorder in the lumbar spine

mean (SD)/median (1Q

DDD

mean (SD)/median (1Q
range)

Diagnostic group
LDH LSS
mean (SD)/median (I1Q
range) range)
Baseline
OoDI 48(18)/ 48(36-60)
VASeack 48(28)/ 50(24-72)
VASLEG 67(26)/ 72(54-86)
EQ-5D 0.26(0.34)/ 0.16(-0.03-0.62)
FU1
OoDI 19(17)/ 14(6-30)
V ASsack 24(25)/ 15(3-42)
VASLEG 21(26)/ 9(1-35)
EQ-5D 0.73 (0.30)/ 0.80(0.69-0.85)
FU2
OoDI 19(18)/ 14(4-30)
V ASsack 25(26)/ 15(3-46)
VASLeG 23(28)/ 10(1-41)
EQ-5D 0.72(0.30)/ 0.80(0.69-0.85)

43(16)/ 44(34-54)
57(26) 63(45-77)
64(26)/ 70(52-81)
0.35(0.32)/ 0.2(0.09-0.69)

26(19)/ 26(10-42)
32(29)/ 28(7-60)
33(31)/ 27(5-62)
0.64(0.30)/ 0.73(0.62-0.80)

27(20)/ 28(12-44)
36(30)/ 33(9-64)
36(31)/32(6-66)
0.62(0.30)/ 0.73(0.59-0.80)

44(15)/ 44(34-52)
67(22)/ 66(50-78)
47(30)/ 53(29-72)
0.33 (0.32)/ 0.23(0.09-0.69)

24(19)/ 22(8-38)
31(28)/ 23(6-54)
24(28)/ 14(2-48)
0.65(0.32)/0.73(0.62-0.80)

24(20)/ 22(8-40)
32(29)/ 23(6-54)
26(29)/ 16(2-52)
0.65(0.32)/ 0.73(0.62-0.80)

Estimates are based on participants who responded to all PROMs at all assessments, as presented

in Figure 8

minor. As depicted in Figure 17 and
detailed in Table 5, the LDH cohort
showed the greatest improvement in
all PROMs except VAS,, ... The DDD
group reported less severe leg pain
compared to the other groups. Large
variations in score change were seen
between baseline and FUl, but be-
tween the two follow-up occasions,
changes were close to zero.

To detect any clinically important dif-
ferences in outcome between FU1 and
FU2, the proportion of patients who
reached the MIC of treatment success
on the two follow-up occasions was
determined (Table 6). Depending on
the diagnosis group and PROM, 0-4%

fewer patients reached the MIC at FU2
compared to FUL In a similar analysis,
the MIC was replaced by thresholds of
treatment success based not on score
changes, but on absolute scores at
the one-year follow-up. In general, a
higher proportion of patients reached
the thresholds than when MIC values
were used as estimates of treatment
success, but the differences between
FU1 and FU2 remained at 0-5%.

Depending on the diagnosis, 81-85%
of the participants made the same
assessment about their outcome at
FU1 as at FU2 according to GA,, .,/ xc
and 85-89% according to Satisfaction.
There was a statistically significant
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Table 6. Proportion of patients in three diagnosis groups who reached minimal important change
(MIC) estimates for treatment success at the one-year follow-up, and at the two-year follow-up

MIC Cases where
PROM Diagnostic N sui(;l;ss reaching l'\)/llC reaching l(\)’llC tc):lslesl;r;:;;ligzte;
group at FU1 (%) at FU2 (%) to reach MIC
(%)
ODI
LDH 8,359 —22 64 64 5
LSS 17,549 -14 57 54 1.5
DDD 5,493 -16 58 59 1.5
VASBack
LDH 9,193 -20 53 51 21
LSS 16,038 —28 45 41 14
DDD 5,510 -29 55 52 8.5
VASLEG
LDH 9,778 -39 62 60 13
LSS 16,083 =27 54 51 8.5
DDD 4,081 -23 50 49 19.5
EQ-5D
LDH 9,214 0.18 71 69 0.5
LSS 19,252 0.10 61 59 0.1
DDD 5,930 0.10 66 66 0.1

PROM, patient-reported outcome measure; MIC, minimal important change for treatment suc-

cess; FU, follow-up; ODI, Oswestry Disability Index; VAS

VAS

LEG?

sacio Visual analogue scale for back pain;

visual analogue scale for leg pain; EQ-5D, EuroQol 5-dimension index score; LDH, lumbar

disc herniation; LSS, lumbar spinal stenosis; DDD, degenerative disc disorder

deterioration in outcome from FU1 to
FU2 0f 1-3%. In summary, there was no
clinically important change in PROMs
at the group level between FU!I and
FU2.

4.3 Study Il

Paper III was designed to define the
SDC at the 95% confidence level for
each PROM in a symptom-stable back
pain population, and to compare the
SDCs to the corresponding opin-
ion-based MICs.

In total, 248 participants filled out the
Swespine baseline form on the first test
occasion. After the second test, 74.6%
had returned both questionnaires.
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The reliability and measurement error
calculations were based on this group.
The MIC calculations were based on
the Swespine population (n = 98,732).

The time between T1 and T2 was 20 +
8 days. There was no correlation be-
tween the time interval and any of the
PROM scores; nor could any statisti-
cally significant systematic differenc-
es in PROM score between T1 and T2
be detected.

Thus, the influence of random error
resulted in the SDCs presented in Ta-
ble 7, in which the MIC values of the
four prospective PROMs, stratified
by diagnosis group, can also be seen.
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It is notable that there was a consid-
erable gap between the SDC and MIC
of the EQ-5D, .. in all groups. The
interpretation of change according to
the SDCs and MIC estimates of each
PROM and diagnosis group can be
seen in Figure 18. The reliability and
percentage of agreement between T1
and T2 for the retrospective PROMs
are given in Table 8. The exact agree-

ment for GA,, . was 74%, for GA . it
was 65.5%, and for SF-36_, it was 69%.
Overall, an imprecision was seen for
all the instruments tested, mainly due

to the random error.

4.4 Study IV

The purpose of paper IV was to deter-
mine characteristics of patients who

Table 7. Measurement of change parameters (SDC and MIC) for PROMs in three lumbar spine

conditions
Parameter
NRSBack NRSLEc ODI  EQ-5DNpEx

of change

SDC 3.6 3.7 18 0.49
LDH group

MIC 2.0 3.9 22 0.18
LSS group

MIC 2.8 2.7 14 0.10
DDD group

MIC 2.9 2.3 16 0.10

The MIC calculations were based on the Swespine population operated for LDH (ODI, n = 8,359;
NRS,, - 0 =9,193; NRS , , n=9,778; EQ-5D, n = 9,214), LSS (ODI, n = 17,549; NRS,, ., n = 16,038;
NRS ., n =16,083; EQ-5D, n = 19,252), and DDD (ODI, n = 5,493; NRS,, . ,n=5519; NRS  n=
4,081; EQ-5D, n = 5,930) in the period 1998-2016, using the anchor-based ROC curve method.

Table 8. Reliability of retrospective single-item questions

PROM Exact T1>T2 TI1<T2 Weighted
Agreement % % % Kappa
GABACK(n =96) 74 12.5 13.5 0.86
GALEG (n =96) 65.5 18 16.5 0.75
SF-36GH (n =94) 69 19 12 0.81

Exact agreement: the proportion who gave the same response at T1 as at T2; T1 > T2: the propor-
tion who responded that they had a better outcome at T1 than at T2; T1 < T2: the proportion who
responded that they had a worse outcome at T1 than at T2.

GA,, 1, Global Assessment for back pain; GA, ,,, Global Assessment for leg pain; SF-36,,, Short
Form-36 single-item question on global health; T1, first test occasion; T2, retest occasion.
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Figure 18. Relation of minimal important change (MIC) and smallest detectable change (SDC) for

the outcome measures NRSBACK LEG?

ODI, and EQ-5D

oex 1D the diagnosis groups disc herniation

(LDH), lumbar spinal stenosis (LSS), and degenerative disc disorder (DDD). Only in the LDH co-
hort did the MIC exceed the measurement errors (SDCs) estimated for NRS, . and ODI. All other
MIC estimates could not be distinguished from measurement error.

were lost to follow-up, and also their
predicted outcome.

In all three diagnosis groups, there
was a significant difference between
respondents and non-respondents in
many of the variables. However, in ab-
solute numbers, the differences were
small. Non-respondents consumed a
somewhat higher amount of postop-
erative healthcare.
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Younger age, male sex, and being born
outside of the EU were predictors
of non-response in all of the three
groups. In the LSS and LDH groups,
non-response was also predicted by a
lower disposable income, living alone,
smoking, and a higher degree of co-
morbidity. A low level of education
was predictive of non-response in the
LDH and DDD groups. Furthermore,
previous spine surgery was found to
be predictive of non-response in the
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Table 9. Percentage of patients self-assessing as having a successful outcome at the one-year
follow up compared to the outcome as predicted by the regression models.

GAsuccess
Diagn. Observed 95% Conf.  Predicted outcome,  95% Conf. Predicted outcome 95% Conf.
group outcome Interv. respondents Interv. non-respondents Interv.
LDH 78.8 77.4-80.1 78.7 78.2-79.2 75.4 74.6-76.3
LSS 58.2 55.6-57.6 58.7 57.9-58.6 53.9 53.2-54.5
DDD 67.4 64.9-70.0 67.5 66.6-68.3 62.7 60.6-64.8

Successful outcome: self-assessments such as “pain-free” and “much better” at the one-year
follow-up. Differences between respondents and non-respondents were significant (p < 0.001).
LDH, lumbar disc herniation (n = 5,192); LSS, lumbar spinal stenosis (n = 12,132); DDD, degenera-

tive disc disorder (n = 1,587)

LSS and DDD cohorts and, finally,
having an unexpected event during
the first 12 postoperative months pre-
dicted non-response in the LSS group.
Apart from a low EQ-5D, .. score in
the LSS cohort, baseline PROM scores
were not predictive of non-response.

Measured with the GA, the predicted
successful outcome was significant-
ly lower for non-respondents (Table
9). In the LDH cohort, 78.7% self-as-
sessed themselves as being “pain-free”
or “much better” whereas the corre-
sponding percentage for non-respon-
dents was 75.4%. The corresponding
figures for the LSS cohort were 58.2%
and 53.9%; and in the DDD cohort
67.5% and 62.7%. The secondary out-
come measures showed the same pat-
tern, suggesting a somewhat worse
outcome for patients with the char-
acteristics of non-respondents. The
accuracy of the models in predicting
outcome was estimated in ROC curve
analyses. The AUC for the LDH model

was 0.73; for the LSS model 0.69; and
for the DDD model 0.72.
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5. DISCUSSION

5.1 Patient values as indicators of
outcome

Each scientific field is like a clock
with a blank face. A slowly turning
hand points to research questions
that are important for the present
time. Some points in time are cardi-
nal and the clock strikes a new hour,
a paradigm shift. Amory Codman was
ahead of his time and did not live to
see his End-result idea become deep-
ly rooted and a given a part in the ev-
idence-based medicine paradigm of
today 3.

The starting point for the develop-
ment of PROMs directly related to
end results in spine surgery might
have been a paper written by Lee et
al.,, presenting an evaluation system
for patients with spinal stenosis 2.
The evaluation form relied on a com-
bination of the patient’s own percep-
tions and the physician’s examination.
Since the 1980s, the patient’s point of
view has been increasingly import-
ant ™, and there has been a verita-
ble explosion in the development of
questionnaires measuring treatment

success in patients with chronic low
back pain

5.2 Challenges in the
interpretation of change

Participants in the Swespine regis-
ter are requested to fill out the pro-
spective PROMs VAS/NRS, ODI, and
EQ-5D (and until recently, the SF-36)
before the operation and 1, 2, 5, and 10
years afterwards. The retrospective
PROM GA is added to the follow-up
questionnaires.

It is not easy to define and quantify
treatment success. As an example,
imagine two patients with spinal ste-
nosis. Patient A cannot play golf any
more because his leg pain prevents
him from walking more than 500 me-
tres. He considers “being able to walk
for two hours” to be a clinically rel-
evant change. Patient B cannot walk
50 metres to get his newspaper in the
morning. He considers “being able to
walk 100 metres” to be a clinically rel-
evant change. Both have spinal steno-
sis, but they have different goals for
their treatments.
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The same could be applied to differ-
ences between surgeons/research-
ers aiming to interpret whether or
not a change in PROM score is clin-
ically important. Some argue that the
smallest detectable change beyond
the measurement error is sufficient-
ly important, while others claim that
the improvement has to be consider-
able in order to be important . King
et al. recently proposed that patients
reporting getting “a little better” con-
stitute the minimal change group (i.e.
MIC), and ratings of “much better” or
“very much better” might be used to
define responders *. As long as there
is no consensus on where to draw the
line, there will be a variety of recom-
mended MIC values for the same in-
strument 6.

Efforts have been made to reach con-
sensus on which PROMs are the most
appropriate. Prospective PROMs and
also TQs are recommended *”. How-
ever, the problem of how to interpret
the results given by the PROMs still
remains. How to interpret change is
particularly cumbersome - for pro-
spective PROMs as well as for TQs
- because cognitive processes will
affect a person’s appraisal of the out-
come over time .

Some of the disadvantages of retro-
spective questions are that they can-
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not be psychometrically tested, that
the recall bias is too much of a mill-
stone, and that too little information
can be extracted. Such criticism is
important. However, recent reviews
have pointed out that prospective
PROMs are used without a thorough
consideration of their psychometric
properties 915868,

When there is no ultimate surgical
technique for a certain condition,
there are usually a number of surgical
options available. This also applies to
calculation of the MIC, and a recent
systematic review reported 11 differ-
ent methods . The anchor-based
method most often uses a transition
question as a substitute for the ab-
sent gold standard, and is considered
the method of choice by influential
researchers despite having well doc-
umented shortcomings 1°.

Sometimes the PROM is not sen-
sitive enough to distinguish a true
change from measurement error (i.e.
the MIC value lies below the limit of
what is statistically detectable). This
suggests that the PROM is either not
good enough or that it was used for
measuring a condition that it was not
designed for 6.
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5.3 Lessons from the current
studies

Big datasets, like the ones provid-
ed by Swespine, containing tens to
a hundred thousand of observations
and hundreds of different variables,
might give researchers or others the
impression that all the necessary in-
formation is included, so any study
could be safely performed. Howev-
er, data lost in a systematic manner
may affect the output variables and
inferences based on the results may
be wrong, or applicable only to the
respondents (paper IV). Furthermore,
it is important to evaluate how well
different PROMs reflect changes in
aspects of health in the actual patient
group (papers I and III) and also when
after an intervention the changes ob-
tained are apparent and should be
measured (paper II).

The missing data mechanism behind
attrition at the one-year follow-up
appear to be MNAR (i.e non-ignor-
able) (paper IV). Other mechanisms
may apply to data that are missing
at the item level or the variable lev-
el. The effect of the lost data appears
to be that the outcome presented
by Swespine data would be a little
over-rated.

The results from study IV can be in-
terpreted in different ways. A recent-
ly published paper found that patients
who were lost to follow-up reported
a statistically significant worse out-
come according to GA,, , than pa-
tients who remained in the register,
but it concluded that data could be
treated as missing at random (MAR)
192, When data are missing at random,
adjustments can be made using var-
ious statistical models. When data
are MNAR, however, there is a risk
that the adjustments will lead to an
increased degree of bias instead. The
use of modern missing data meth-
ods, such as multiple imputation, is
encouraged - even when the miss-
ing data mechanism is MNAR. But, in
addition to requiring the help of an
experienced statistician, they require
careful planning and a deep knowl-
edge of which variables might have
an effect on the outcome if they are
missing .

As documented in previous studies,
typical socio-economic features sig-
nifying non-respondents emerged
in the analyses "6!54"8 which might
threaten the generalizability of the
register. For instance, patients who
were born outside the European
Union were associated with non-re-
sponse, suggesting that this subgroup
may have a worse outcome after sur-
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gery for any of the diagnoses disc
herniation, spinal stenosis, or DDD,
than what is reported in Swespine
(paper IV). Younger age was associ-
ated with non-response, but at the
same time it was a predictor of a suc-
cessful outcome, indicating that the
outcome in young individuals may be
underrated. Also, the results suggest
that when conducting a clinical trial,
one should include a higher number
of patients with the characteristics of
non-respondents to prevent attrition
bias.

Overall, Swespine participants who
were lost to the follow-up at one year
were predicted to have a somewhat
worse outcome than patients who
completed the follow-up question-
naires requested by Swespine at the
one-year follow-up. This was seen in
all three diagnosis cohorts and for all
the PROMs tested.

Bearing this in mind, the registration
should be made as simple and the
least time consuming as possible for
the patients, to bring up the response
rate. One such improvement might
be to use less and shorter question-
naires.

The results from paper I suggest that

GA has the capacity to detect pa-
tients who gain from lumbar surgery.
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If GA were to be used as a proxy for
a gold standard, the cut-off should
be between the response options
“much better” and “somewhat better”
(signifying a considerable change)
rather than between “somewhat bet-
ter” and “unchanged”. This finding is
supported by a study on the individ-
ual conceptions of a good outcome
among surgeons and patients **. The
GA might be used as a gold standard
proxy in the determination of MIC es-
timates of prospective PROMs mea-
suring back and leg pain, and disabili-
ty related to back pain.

GA might replace prospective PROMs
estimating pain and function and
perhaps also quality of life in routine
follow-ups. The index score or com-
posite score of prospective PROMS
is frequently presented in scientific
work. As questionnaire responses are
transformed into a single total score,
a figure is created that is no more de-
tailed than a transition question. In
fact, additional information might be
lost, since the questions in the ques-
tionnaire might not cover all relevant
aspects of clinical improvement. A TQ
has the advantage of leaving the mat-
ter of relevance to the respondent.

Prospective PROMs do not appear to
capture the outcome of degenerative
spine surgery in a better fashion than
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a TQ does. One might argue that us-
ing a transition question is as bad as
using a prospective PROM, but for
different reasons. If the two ways of
measurement are of equally low qual-
ity - although for different reasons,
as described above - why not use the
least complicated one, without taking
the detour of the MIC?

One of the shortcomings of GA is
that while the ODI, VAS/NRS, EQ-
5D, and SF-36 appear in studies all
over the world, GA is not used on any
other population than the Swedish
one, which reduces the possibility of
comparison. On the other hand, the
prospective PROMs come in different
versions, which might easily be over-
looked when comparisons are being
made.

Another important point is that mul-
tiple-item questionnaires are valuable
instruments when a more detailed
answer about the outcome is desir-
able. Research questions like “how is
a person’s physical function affected
by lumbar surgery?” or “apart from
leg pain, which other symptoms may
be influenced by lumbar surgery and,
if so, how?” or “in what ways does
symptomatic spinal stenosis affect
a person’s quality of life?” demand a
psychometrically sound battery of
questions. These instruments, how-

ever, need to be interpreted in the
light of how well they can measure
clinical important differences in dif-
ferent patient groups.

The results in paper III indicated that
possible differences between groups
may be difficult to distinguish from
measurement error if the NRS, ODI,
and EQ-5D are to be used as out-

INDEX
come variables.

The SDC values at the 95% confi-
dence level between two points of
estimation of NRS, ODI, and EQ-5D
were higher than the corresponding
MIC estimates for patients operated
for spinal stenosis or degenerative
disc disorder. The SDCs of NRS _ ., and
ODI were above the MIC levels for
patients who were operated for disc
herniation. There was a considerable
gap between the SDC and the MIC for
the EQ-5D in all three groups. The
SDC for EQ-5D, ., was remarkably
higher than the MIC value, suggesting
that this index is not appropriate as a
tool for measuring change in this way.
The various items may be interpreted
separately instead, in order to get a
more nuanced picture of the results
of the intervention.

The retest reliability of GA,, ., ., Was

substantial, according to the weight-
ed kappa estimates. However, the
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exact agreement was no more than
65.5% for GA ., and 74% for GA,, .
One way of circumventing some of
the difficulties arising from the use
of MIC estimates would be to mea-
sure the outcome exclusively by us-
ing the final scores (labelled thresh-
old of treatment success), instead of
by score changes, since GA showed
a stronger correlation to the former.
When only one point of estimation is
used, the SDC estimates are replaced
with +1.96 SEM, which would be be-
low the threshold of treatment suc-
cess.

Another consideration when using
PROM questionnaires in quality reg-
isters is when after the surgery, and/
or how often, the surveys should be
administered. The necessity of both
a one-year and a two-year follow-up
in effectiveness studies has been in
question for some time 6411L112165  Ap-
guments put forward for a one-year
follow-up only are the reduction in
cost and patient burden. Arguments
against bring up the risk of not cap-
turing unfavourable outcomes or ad-
verse events, and also that most sci-
entific journals and authors consider
a monitoring time shorter than two
years to be inappropriate.

In paper I, a minor deterioration in
PROMs from FU1 to FU2 was seen - as

80

measured by the proportion reach-
ing the MIC value of each PROM. The
same pattern was seen for the pro-
portion reaching a threshold of treat-
ment success based on PROM scores
at FUI instead of on score changes.
A significant deterioration of 0.5-3%
was found when outcome was mea-
sured by GA or Satisfaction.

Although statistically significant, the
result is not to be interpreted as any
encouragement to monitor PROMs
at both one and two years postoper-
atively. Depending on the diagnosis,
there are more plausible explanations
for this deterioration. For instance,
the reoperation rate for recurrent
disc herniation, which is the most
common cause of recurrent back and
leg pain after discectomy, was ap-
proximately 5% 6. Another factor is
that normative values for the EQ-5D
and ODI would be expected to de-
crease with increasing age 9’68 Co-
morbidity, such as hip osteoarthritis,
affects back pain-related PROMs .
Symptoms from the hip joint probably
occur in some patients, shortly be-
fore the time of the second follow-up.
These symptoms might be mistaken
for a recurrent stenosis, thus biasing
the outcome. Many patients who are
treated for spinal stenosis are also
reoperated because of a recurrent
stenosis. According to Forsth et al.,
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approximately one-fifth of LSS pa-
tients in Sweden underwent a new
operation at the same level or at an
adjacent level during a follow-up of
6.5 years . It could be expected that
some of these patients would report
a deterioration already in their two-
year follow-up questionnaire.

Instead of monitoring patients at FU2,
it might be beneficial to introduce a
follow-up at three months postoper-
atively to better capture early com-
plications, such as infections.

5.4 A promising future

In 1978, Lee and colleagues wrote that
“An accurate and objective evalua-
tion of patients with chronic low back
pain is very difficult, since most of
their complaints are subjective in na-
ture™?. It is a disturbing reality that
after 40 years of outcomes research,
the search for an “objective” outcome
measure prevails. Neither a sophis-
ticated multiple-item questionnaire
nor a simple single-item question
appears to be the ultimate outcome
measurement. On the subject of ef-
fectiveness, the latter would suffice,
as would a shorter follow-up period -
not least to prevent patient drop-out.
A new system of patient-reported
outcomes measurement (PROMIS)
was launched by the US National

Institutes of Health in 2004. PROMIS
provides so-called item banks, which
have been calibrated and referenced
to the general US population ™. The
item banks, developed using “modern”
psychometric methods such as item
responsetheory,enable computerized
adaptive testing (i.e. the test adapts
the choice of items to respondents’
levels of attainment, as determined
by previous responses), which may
result in improved measurement
precision and responsiveness . The
goal is to standardize measurements
and thereby facilitate comparability
of data across studies and settings at
the international level 2.

The idea of PROMIS is appealing, but
it is too early to tell if and when re-
searchers and clinicians will be ready
to exchange established outcome
measures for this new concept.
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6. STRENGHTS AND

LIMITATIONS

The ultimate situation for a register-
based study would be a complete set
of data consisting of variables with the
ability to provide clear answers to the
research question.

If no data were missing, the informa-
tion obtained from the register would
be safely generalizable to the entire
target population. But in every register,
data are missing, and in Swespine, the
external validity appears to be some-
what affected by attrition. Known con-
founding variables may be adjusted for,
but there will always be uncertainty
about missing confounders with a pos-
sible impact on the outcome. Further-
more, little is known about patients
who are lost at the recruitment stage,
i.e before the operation. According to
the National Patient Register, approxi-
mately 15% of the patents who are op-
erated in the spine are not reported in
Swespine.

If data have been collected successfully,
the internal validity may be threatened
if the outcome variables are not
simple to use, reliable, and sufficiently
accurate to allow clear inferences.

The above arguments are limitations of
both RCTs and register-based studies.
Both types of studies are equally

important, but during different stages
of the scientific process. Another
limitation of register-based studies is
the difficulty in formulating a priori
hypotheses, because the data have
already been collected.

Can sound inferences be drawn from
the studies in this thesis? The first
study had an exploratory approach
and further research on factors affect-
ing the response pattern of GA to con-
firm the results would be beneficial. In
all the studies, selection bias may have
been present because of large num-
bers of missing data at the variable lev-
el as well as at the individual and oc-
casion levels, which were not adjusted
for. The use of an imperfect mea-
surement instrument (GA) as a gold
standard in the testing of the ability
of other instruments to discriminate
between treatment success and treat-
ment failure, as was done in studies II
and III, is debatable. The absence of a
gold standard reduces the certainty of
the MIC estimates. Finally, in study IV,
the predictive models were based on
data provided by patients who did re-
spond to the Swespine questionnaires.
Although the quality of the models
was satisfactory, the true outcome in
non-respondents remains unknown.
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7. CONCLUSIONS

. The transition question Global Assessment can be used as the
single patient-reported outcome measure in the assessment
of effectiveness in routine follow-up of degenerative lumbar
spine surgery (study I).

. For outcome assessment using one of the PROMs examined,
a one-year follow-up is sufficient. The Swespine two-year
follow-up assessment with PROMs can be excluded (study II).

. The SDCs in NRS,, .., NRS _, and in the ODI exceeded the

corresponding MICs estimated in populations treated for

spinal stenosis and DDD, suggesting that these PROMs are
not sufficiently responsive to detect small but potentially
important changes in outcome in these groups. The SDC in

NRS, . and in the ODI were lower than the MIC that was

defined for patients treated for disc herniation, indicating

sufficient responsiveness when used in this population.

Measurement of change in EQ-5D, .. should not be expressed

in terms of SDC and MIC (study III).

. PROM data appear to be somewhat affected by patients who
are lost to follow-up, resulting in an overestimation of the
outcome one year after surgery. Measures need to be taken
to mitigate attrition, e.g. by reducing questionnaire burden
(study 1IV).
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8. FUTURE WORK

Given the limitations of the
PROMs studied, the following re-
search options may be considered.
There could be development of the
GA, either by exploring the possibil-
ity of rephrasing the question with
the goal of decreasing present-state
bias or by expanding the question
also to include a measure of experi-
ence. If GA was able to measure the
present health status in relation to
the past surgery, it might be suit-
able as a measure of a patient-ac-
ceptable symptom state (PASS). In
this way, obstacles such as recall bias
and present-state bias could be part-
ly overcome. A first step would be
to compare GA with PASS measures.
Furthermore, it might be better to re-
phrase the question in Satisfaction, (a
measure regarding the overall expe-
rience of the surgery) and to separate
it in time from the GA. The questions
in GA and Satisfaction have simi-
lar wording - and when asked at the
same time, the Satisfaction may be
interpreted by the respondent as just
another way of asking the same thing
as GA does. The general increase in

computer capacity and also the goal
expressed by healthcare authorities
of making patient records and regis-
ters digital, are arguments support-
ing the implementation of PROMIS.
This would require close cooperation
between existing outcome registers,
but it might also enable comparisons
with other patient populations that
would be more accurate than can be
achieved today, and allow outcome
assessment on a more individual ba-
Sis.
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