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ABSTRACT

In order to ensure the effectiveness of the prevention, treatment and rehabilitation of
low back pain, the assessment of the level of disability requires reliable scales,
including patient-reported outcome measures. The main aim of this thesis was to
explore the construct validity of the 12-item self-administered WHO Disability
Assessment Schedule 2.0 (WHODAS 2.0).

This study evaluated internal consistency, factor structure and psychometric
properties of the WHODAS 2.0. Additionally, the psychometric properties of the
Oswestry Disability Index (ODI) were evaluated. The psychometric properties of
WHODAS 2.0 were also assessed through a systematic review. The study used cross-
sectional data from the Turku ICF Study, which covered 1,988 patients (65% women)
with low back pain who had visited an outpatient Physical and Rehabilitation Medicine
clinic between 2015 and 2017. The samples of the studies varied from 501 (Study I)
up to 1,379 (Study V) participants. Internal consistency was assessed using
Cronbach’s alpha. Construct structure was evaluated by exploratory and confirmatory
factor analyses. Psychometric properties were assessed using item response theory
analysis. The convergent validity of WHODAS 2.0 was assessed by inspecting
correlations between the WHODAS 2.0, the ODI and a pain numeric rating scale.

The internal consistency of WHODAS 2.0 was good. The exploratory factor
analysis revealed two retained factors. The ability to discriminate between all the items
was high or perfect with a shift towards higher levels of disability. The correlation
between pain severity, measured by a numeric rating scale, and functioning level,
measured by the WHODAS 2.0, was weak to moderate, with slightly stronger
associations in the physical domains of functioning. When comparing the WHODAS
2.0 with the ODI, items defining physical functioning mostly showed stronger
correlations than items defining social or psychological functioning.

It seems that the 12-item self-administered WHODAS 2.0 is an internally
consistent and valid scale correlating well with other measures of disability among
patients with chronic low back pain. However, due to a multidimensionality, its total
score may represent the different combinations of several contributing factors. The
WHODAS 2.0 and the ODI may complement each other when describing the
functioning of people with chronic low back pain.

KEYWORDS: WHODAS 2.0, wvalidity, psychometrics, rehabilitation,
musculoskeletal disease, low back pain
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TIVISTELMA

Alaselkdkivun tehokas ehkdisy, hoito ja kuntoutus edellyttivit luotettavia toiminta-
kyvyn haitta-asteen mittareita, mukaan lukien potilaan itsearviointimittarit. Timén
vaitoskirjan paatavoitteena oli tutkia Maailman terveysjarjestd6 WHO:n terveyden ja
toimintarajoitteiden arviointimenetelman (WHODAS 2.0) 12 kysymyksen itse
tdytettdvén version rakennevaliditeettia kroonisilla alaselkékipupotilailla.

Tutkimuksessa arvioitin WHODAS 2.0 mittarin sisdistd yhtenevyyttd, faktori-
rakennetta ja mittarin psykometrisid ominaisuuksia. Lisdksi arvioitiin Oswestry
Disability Index (ODI):n psykometrisia ominaisuuksia. Tietoa WHODAS 2.0:n
psykometrisista ominaisuuksista arvioitiin systemaattisella katsauksella. Tutkimuksessa
kaytettiin fysiatrian poliklinikalla kéyneiltd alaselkékipupotilailta 2015 — 2017 keréttya
TURKU ICF-tutkimuksen poikkileikkausaineistoa (n= 1988) (65 % naisia).
Osatutkimusten otoskoot vaihtelivat 501 (Tutkimus I) ja 1379 (Tutkimus V) tutkittavan
vililld. Mittarin sisdistd yhtenevyyttd arvioitiin Cronbachin alfalla. Mittarin rakennetta
arvioitiin eksploratiivisella ja konfirmatorisella faktorinanalyysilla. Psykometrisid
ominaisuuksia arvioitiin osiovasteteorian avulla. 'WHODAS 2.0:n rinnakkais-
validiteettia arvioitiin tarkistamalla WHODAS 2.0:n, ODILn ja kivun voimakkuuden
(numeerinen asteikko) véliset korrelaatiot.

WHODAS 2.0:n sisdinen yhtenevyys oli hyvé. Eksploratiivinen faktorianalyysi
tunnisti kaksi faktoria. Kyky erotella kaikki osiot olivat korkea tai tdydellinen,
painottuen kohti suurempaa toimintakyvyn haittaa. Kivun méiiridn, numeerisella
asteikolla mitattuna, ja WHODAS 2.0:1la mitatun toimintakyvyn vélinen korrelaatio
oli heikko tai kohtalainen. Fyysisen toimintakyvyn aihealueilla yhteys oli
vahvempaa. WHODAS 2.0 ja ODL:n fyysisen toimintatoimintakyvyn osiot korre-
loivat keskenddn enimmékseen vahvemmin verrattuna sosiaalista tai psyykkisti
toimintakykya méaarittdvien osioiden korrelaatioihin.

12 kysymyksen itse tdytettavd WHODAS 2.0 vaikuttaa sisdisesti yhtendiseltd ja
luotettavalta asteikolta, joka korreloi hyvin muiden toimintakyvyn haittaa arvioivien
mittareiden kanssa. Nayttdd kuitenkin siltd, ettd WHODAS 2.0 on moniulotteinen
asteikko, ja siten sen antama kokonaispistemédrd voi edustaa useiden vaikuttavien
tekijoiden erilaisia yhdistelmid. WHODAS 2.0 ja ODI saattavat tdydentdi toisiaan
kuvatessaan kroonisten alaselkdkipua sairastavien ihmisten toimintakykya.

AVAINSANAT: WHODAS 2.0, validiteetti, psykometriikka, kuntoutus, tuki- ja
litkuntaelinsairaudet, alaselkidkipu
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1 Introduction

Low back pain (LBP) affects people of all ages. Worldwide, its prevalence is 600
million. In 2019, according to the global age-adjusted Disability Adjusted Life Years
(DALY) rates, LBP was among the ten leading causes of DALYs among both
genders and all ages, also in Finland. The DALY LBP rates are higher among women
and the highest DALY rates have been observed at ages between 45 and 49 years
(Abrams et al., 2020; Wu et al., 2020).

LBP weakens functioning on an individual level, but it also involves significant
financial losses on a societal level. In 2020, The Social Insurance Institution of
Finland (2021) compensated 28,000 sick leaves due to dorsopathies, accounting for
almost 3 830 000 working days and EUR 83 000 000.

Many different outcome measures have been suggested for standardizing the
assessment of symptoms and disability caused by LBP. The International
Consortium for Health Outcome Measurement has recommended such patient-
reported outcome measures (PROMs) as a numeric rating scale (NRS) for measuring
pain severity (Downie et al., 1978) and the Oswestry Disability Index (ODI)
(Fairbank et al., 1980) for assessing disability level (Clement et al., 2015). The
Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials and
Outcome Measures in Rheumatology (Taylor et al., 2016) has recommended several
disease-specific measures of physical activity and functioning, including the Roland
Morris Disability Questionnaire (RMDQ) (Roland & Morris, 1983) and the ODI
(Fairbank, 1995) . The ODI, the RMDQ and NRSs have been recommended for use
in clinical trials of nonspecific LBP (Chiarotto et al., 2018). Also in Finland, the
Finnish Spine Register project has recommended using the ODI as one of the main
outcome measures of functioning in cases of LBP (Pekkanen et al., 2019).

For forty years, the ODI has served as a gold standard for measuring disability
caused by LBP. The ODI’s validity and reliability has been studied in cross-cultural
settings and found to be good (Denis & Fortin, 2012; Miekisiak et al., 2013).
Although the ODI’s test-retest reliability, convergent validity, and responsiveness to
change (including its numerous translations) have been widely studied, knowledge
of its psychometric properties, internal consistency, and factor structure is
surprisingly scarce (Ramasamy et al., 2017; Eprovide, 2022). For example, only a

10



Introduction

few previous studies have assessed the psychometric properties of the ODI using the
Rasch analysis or the item response theory (IRT) (White & Velozo, 2002; Davidson,
2008). In other words, how well this widely used scale is able to measure what it is
supposed to measure is still uncertain.

The intensity of LBP has been commonly assessed using a well-validated 11-
point Likert-type NRS (Dworkin et al., 2005; Hjermstad et al., 2011; Clement et al.,
2015; Chiarotto et al., 2019).

The connection between the level of disability and the severity of LBP is well
established. Moderate to strong positive correlations have been observed between
the ODI and LBP severity (Mannion et al., 2006; Vigatto et al., 2007; Lue et al.,
2008; Monticone et al., 2009; Pekkanen et al., 2011; Payares et al., 2011; Solomon
& Roopchand-Martin, 2011; Valasek et al., 2013; Algarni et al., 2014; Selva-Sevilla
et al., 2019; Phedy et al., 2021).

The World Health Organization Disability Assessment Schedule 2.0 (WHODAS
2.0) (World Health Organization, 2010) has been extensively used since 2010 as a
generic and standardized tool for assessing health and disability caused by different
health conditions in diverse settings and cultures. The conceptual framework of
WHODAS 2.0 is based on the International Classification of Functioning, Disability
and Health (ICF) (World Health Organization, 2001) (Federici et al., 2017).

The 36-item version of WHODAS 2.0, either self-, interviewer- or proxy-
administered, has been found to be a valid tool among people with chronic diseases
(Garin et al. (2010). The 36-item interviewer-administered version of WHODAS 2.0
has shown excellent internal consistency and convergent validity among patients
with LBP in primary care (Chwastiak & Von Korff, 2003).

Despite the popularity of WHODAS 2.0, there is some ambiguity concerning the
factor structure, internal consistency, psychometric properties, minimal clinically
important difference (MCID), and convergent validity of its 12-item version
(Federici et al., 2017).

The correlations between WHODAS 2.0 scores and the results of other
measurements of functioning among patients with LBP have mostly been studied
using a 36-item version of WHODAS 2.0. The 36-item interviewer-administered
version has demonstrated weak to strong positive associations with the ODI among
patients with chronic LBP (Cwirlej-Sozanska et al, 2020a). The 36-item
interviewer-administered version of WHODAS 2.0 has also shown low to moderate
positive associations with an NRS among patients with chronic LBP (Igwesi-
Chidobe et al., 2020). Only a few previous studies have assessed the convergent
validity of the 12-item WHODAS 2.0, and the results have been indecisive. Lee and
Song (2013) demonstrated a strong positive association between the 12-item
interviewer-administered WHODAS 2.0 and the ODI among chronic LBP patients.

11
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The objectives of this thesis were to appraise available evidence on the
psychometric characteristics of the 12-item self-administered WHODAS 2.0 and to
evaluate these characteristics among patients with LBP. The study had a special
focus on the convergent validity of the 12-item WHODAS 2.0, which was studied
comparing the WHODAS 2.0 with the ODI and a pain NRS.

The ultimate goal of this thesis was to evaluate how well the 12-item self-
administered version of WHODAS 2.0 defines the disability level of patients with
LBP. In other words, the main objective was to investigate how strongly the
disability level measured by WHODAS 2.0 correlated with the severity of LBP, and
whether the information on disability level obtained from established PROMs such
as the ODI or NRS, might be substituted by information obtained from more
standardized measures such as WHODAS 2.0. Such knowledge may improve the
precision of assessments of the functioning of patients with LBP and thus, ensure
more cost-effective allocation of resources when managing LBP.

12



2 Review of the Literature

2.1 Low back pain

It has been estimated that 50% to 80% of all adults experience at least one episode
of LBP during their lifetimes (Rubin, 2007).

In addition, the mean prevalence and incidence of LBP ranges from 1.4 up to
20% and 0.02 to 7%. Gender may be a risk factor for LBP as men were affected more
than women (odds ratio from 1 to 17), and age, race have been identified as risk
factors. Similarly, high-intensity physical activity, high spinal load, lifting, bending
and twisting have also been acknowledged as risk factors for LBP (Fatoye et al.,
2019).

In their study, Koponen et al. (2018) found that 44% of Finnish men and 48% of
Finnish women had experienced back pain during the last 30 days and that the
difference in this prevalence had increased between genders after the age of 60 years.

The Finnish Current Care Guideline for LBP (Low back pain: Current Care
Guideline, 2017) recommends categorizing LBP on the basis of the duration of pain,
with “acute” referring to pain lasting less than 6 weeks; “subacute” to pain lasting
between 6 and 12 weeks; and “chronic” referring to pain lasting over 12 weeks.
According to Deyo et al. (2014), chronic LBP is defined as pain that has persisted
for a minimum of three months and appearing on at least half of the days in the last
six months.

2.1.1 Patient-Reported Outcome Measures used for
measuring pain and disability caused by low back pain

Research has endeavored to standardize outcome measures in people with chronic
LBP. When defining standards for research related to self-report measures of chronic
LBP, Deyo et al. (2014) concluded that physical functioning, depression, sleep
disturbance, and catastrophizing should be included. Earlier, Deyo et al. (1998) and
Bombardier (2000) recommended the ODI, and Dworkin et al. (2005) an 11-point
NRS as outcome measures in trials for spinal disorders, LBP and chronic pain. In a
systematic review, Froud et al. (2016) analyzed the PROMs used in LBP trials
through 1980-2012 and found that four of the most commonly used primary or

13
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secondary PROMs, in order of use, were a visual analogue scale (VAS) (Huskisson,
1974), the RMDQ, the ODI and an NRS. In addition, the four most used outcome
measures have been classified into pain measures, disability measures, and
psychological measures (Froud et al., 2016).

Similarly, when Chapman et al. (2011) reviewed outcome measures specifically
used in randomized controlled studies on LBP, they found the most common
functional outcome measures to be the ODI, the RMDQ and the range of motion.
For pain, the most common measures were an NRS, the Brief Pain Inventory, the
Pain Disability Index (Cleeland, 1989), the McGill Pain Questionnaire (Melzack,
1975) and a VAS. For psychosocial functioning, the most common measures were
the Fear Avoidance Beliefs Questionnaire (Waddell et al., 1993), the Tampa Scale
for Kinesiophobia (Miller et al., 1991) and the Beck Depression Inventory (Beck et
al., 1961). Finally, the most common measures for the generic quality of life were
the 12-item Short-form Health Survey (SF-12) (Ware & Sherbourne, 1992), the
Nottingham Health Profile (Hunt et al., 1981), the 12-item Short-Form Health
Survey (Ware et al., 1996) and the Sickness Impact Profile (Bergner et al., 1976).

2.2 The International Classification of Functioning,
Disability and Health and World Health
Organization Disability Assessment Schedule
WHODAS 2.0

2.2.1 International Classification of Functioning, Disability
and Health (ICF)

Whereas the International Classification of Impairments, Disabilities, and Handicaps
(ICIDH) has been considered a “consequences of diseases” classification, the ICF
has been constructed as a classification of “components of health” (ICIDH; World
Health Organization, 1980; World Health Organization, 2001).

The ICF is based on a biopsychosocial model and broadly integrating medical
and social models of disability. Through this integrative biopsychosocial model of
functioning, disability, and health, the ICF contextualizes functioning as a
continuum, where an individual’s functioning can be placed between the two
endpoints: full functioning and complete loss of functioning (World Health
Organization, 2001; Bickenbach et al., 2012).

The ICF is one of the reference classifications for the WHO Family of International
Classifications (WHOFIC), together with ICD-11 and International Classification of
Health Interventions (ICHI), and it aims to offer a common, standardized language, as
well as a framework that describes health and the health-related domains. ICF is the
WHO framework for measuring health and disability at both individual and population

14
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levels. It also aims to increase scientific knowledge and understanding of functioning
and disability in health-related studies by providing a common language for all
healthcare professionals and policymakers. The common use of the ICF should make
comparing data internationally, inter-professionally, and over time, easier and more
efficient. Two versions of the ICF are available: a full and a short version. The full
version has four levels of classification in contrast to the two levels in the short version
(World Health Organization, 2001, 2021).

The ICF has two parts, each of which has two components, expressed in positive
or negative terms. The first part covers Functioning and Disability (Body Functions
and Structures, Activities and Participation) and the second covers Contextual
Factors (Environmental Factors and Personal Factors). Functioning and disability
dynamically interact with each other. Disability is defined as dysfunctioning at one
or more levels: impairments, activity limitations and participation restrictions.

All the components of the ICF are defined in the context of health. The
components are constructed from domains holding categories. The categories within
the health and the health-related domains, e.g., transportation, education and social
interactions, are the units of classification instead of persons. When recording an
individual’s health or health-related state, categorical coding and specific qualifiers
can be used. “Capacity”, as a construct, underlines the highest probable level of
functioning that an individual can reach in the Activities and Participation part. It is
measured in a standardized environment, whereas ‘“performance” is seen as a
construct that describes what an individual is able to do in their current environment.
Also, if coding is done in the context of ICF, different levels of qualifiers can be
used. The effect of environmental factors may be either positive (a facilitator) or
negative (a barrier) (World Health Organization, 2001).

2.2.2 The International Classification of Functioning,
Disability and Health and Core Sets

To facilitate the use and practicality of the ICF, the core sets have been developed
for multiple conditions including LBP (Cieza et al., 2004). Developing these core set
required an empirical multicenter study, a systematic literature review, and a Delphi
study of experts and people suffering from LBP (Weigl et al., 2004). The cores sets
include ICF items that describe the most common limitations of functioning in
particular health conditions. They usually exist in two forms—a brief core set and a
comprehensive core set.

The comprehensive ICF Core Set for LBP includes 78 categories, and the brief
Core Set includes 35 categories (Table 1). They have been validated across different
populations and cultures (Cieza et al., 2004; Bickenbach et al., 2012; Karlsson &
Gustafsson, 2021).
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Table 1.

Comprehensive ICF Core Set for LBP. Modified from Cieza et al. (2004).

ICF code ICF Category Title, 2" level

Body Functions

b126 Temperament and personality functions
b134 Sleep functions*

b180 Experience of self and time functions
b280 Sensation of pain*

b620 Urination functions

b710 Mobility of joint functions™

b720 Mobility of bone functions

b735 Muscle tone functions*

b750 Motor reflex functions

b780 Sensations related to muscles and
movement functions

b130 Energy and drive functions*
b152 Emotional functions*

b260 Proprioceptive function

b455 Exercise tolerance functions*®
b640 Sexual functions

b715 Stability of joint functions™
b730 Muscle power functions*
b740 Muscle endurance functions*
b770 Gait pattern functions

Body Structures

s120 Spinal cord and related structures™
s750 Structure of lower extremity

s770 Additional musculoskeletal structures
related to movement*

s740 Structure of pelvic region
s760 Structure of trunk*

Activities and Participation

d240 Handling stress and other psychological
demands*

d415 Maintaining a body position*

d430 Lifting and carrying objects*

d450 Walking*

d460 Moving around in different locations
d470 Using transportation

d510 Washing oneself

d540 Dressing*

d620 Acquisition of goods and services

d640 Doing housework*

d660 Assisting others

d760 Family relationships*

d845 Acquiring, keeping and terminating a job*
d859 Work and employment, other specified
and unspecified*

d920 Recreation and leisure

d410 Changing basic body position*

d420 Transferring oneself

d445 Hand and arm use

d455 Moving around

d465 Moving around using equipment
d475 Driving

d530 Toileting*

d570 Looking after one’s health
d630 Preparing meals

d650 Caring for household objects
d710 Basic interpersonal interactions
d770 Intimate relationships

d850 Remunerative employment*
d910 Community life

Environmental Factors

€110 Products or substances for personal
consumption*®
€135 Products and technology for employment*

€155 Design, construction and building products
and technology of buildings for private use*
€255 Vibration

e325 Acquaintances, peers, colleagues,
neighbours and community members

€355 Health professionals*

€410 Individual attitudes of immediate family
members*

€450 Individual attitudes of health
professionals*

€455 Individual attitudes of other professionals

€465 Social norms, practices and ideologies

€550 Legal services, systems and policies®
€575 General social support services, systems
and policies

€585 Education and training services, systems
and policies

€120 Products and technology for personal
indoor and outdoor mobility and transportation
€150 Design, construction and building products
and technology of buildings for public use

€225 Climate

€310 Immediate family*
€330 People in positions of authority

€360 Other professionals

e425 Individual attitudes of acquaintances, peers,
colleagues, neighbours and community members
e460 Societal attitudes

€540 Transportation services, systems and
policies

e570 Social security services, systems and
policies*®

€580 Health services, systems and policies*
€590 Labour and employment services,
systems and policies

* Belongs to Brief ICF Core Set for LBP.
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223 The World Health Organization Disability Assessment
Schedule WHODAS 2.0

WHODAS 2.0. is a generic and standardized tool developed to measure health and
disability in different populations and cultures (Ustiin et al., 2010). The WHODAS
2.0 is directly linked to the ICF (Ustiin et al., 2010). Furthermore, it is grounded in
the conceptual framework of the ICF (World Health Organization, 2021).

Of the seven available versions, the most detailed and comprehensive versions
are the three versions of 36-item WHODAS 2.0. The 12-item WHODAS 2.0 is the
shortest version, and it is useful for a quicker assessment, whereas the 12+24-item
version is especially useful in computer-adaptive testing (CAT), in which the
responses to a 12-item version may lead to additional 24 items. The 36- and 12-item
WHODAS 2.0 are available in interviewer-administered, self-administered and
proxy-administered versions, whereas the 12+24 version is only available in
interviewer-administered or computerized adaptive testing versions (World Health
Organization, 2010).

The WHODAS 2.0 covers the level of functioning of an individual in six
domains of the ICF Activities and Participation including cognition, mobility, self-
care, getting along, life activities, and participation. This direct link to the ICF is a
very distinctive and unique feature of WHODAS 2.0. It also emphasizes that
WHODAS 2.0 is etiologically neutral, meaning that it can be used directly to
measure functioning and disability regardless of any preconditions. The six domains
covered by the WHODAS 2.0 are (World Health Organization, 2010) are:

e Domain 1: Cognition — communicating and thinking

*  Domain 2: Mobility — moving and getting around

*  Domain 3: Self-care — bathing, dressing, eating, and staying alone
* Domain 4: Getting along — interacting with other people

* Domain 5: Life activities — day-to-day activities including household,
work, and school activities

*  Domain 6: Participation — problems participating in society because of the
society in which they live

The recall period is the last 30 days. The respondents are asked questions about
the degree of difficulty they have experienced while performing different activities
in their usual way. The participants are also asked to provide an average score for
good and bad days, based on how well they are usually performing when
participating in different activities. They rate the difficulties on a five-point scale:
“none” — “mild difficulties” — “moderate difficulties” — “severe difficulties”—
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“extreme difficulties or cannot do”. The difficulties include increased effort,
discomfort or pain, slowness and/or changes in way the person does the activity.

The summary scoring for WHODAS 2.0 can be done in either a short or long
way, i.e., by simple or complex scoring. In simple scoring, the scores of each item,
from 0 to 4, are summed. Simple scoring is always sample-dependent and it cannot
be used for comparing populations (World Health Organization, 2010).

Complex scoring, a method constructed based on the IRT, enables the
comparison of different populations. Using that method, each item response is
separately coded on the original scale and then computed by weighting severity. The
summary score obtained by a complex scoring can be turned into a scale from 0 to
100, in which 0 points denotes no disability and 100 points full disability. A syntax
algorithm is available for statistical analysis software from the WHO (World Health
Organization, 2010).

224 Linking the International Classification of Functioning,
Disability and Health items with the World Health
Organization Disability Assessment Schedule, the
Oswestry Disability Index and a pain numerical rating
scale

The rules of linking have been described by Cieza et al. (Cieza et al., 2002; Cieza et
al., 2005) to connect health measurements and such classifications as the ICF
categories. Links between the WHODAS 2.0, the ODI and an NRS are summarized
in Table 2.

Table 2. Linking the WHODAS 2.0 (36- and 12-item), the ODI and a NRS according to the one-
or two-level ICF form. Modified from Sigl T et al. (2006); Ustiin et al. (2010); Lu et al.

(2020).
ICF category title WHODAS WHODAS ODI NRS
2.0 36- 2.0 12-
item item

b134 Sleep functions n/a n/a X n/a
b144 Memory functions X n/a n/a n/a
b144 Memory functions X n/a n/a n/a
b152 Emotional functions X X n/a n/a
b280 Sensation of pain n/a n/a X X

d110 Watching X n/a n/a n/a
d115 Listening X n/a n/a n/a
d120 Other purposeful sensing X n/a n/a n/a
d129 Purposeful sensory experiences X n/a n/a n/a
d130 Copying X n/a n/a n/a
d135 Rehearsing X n/a n/a n/a
d140 Learning to read X n/a n/a n/a
d145 Learning to write X n/a n/a n/a
d150 Learning to calculate X n/a n/a n/a
d155 Acquiring skills X X n/a n/a
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ICF category title WHODAS WHODAS ODI NRS
2.0 36- 2.0 12-
item item

d159 Basic learning X n/a n/a n/a
d160 Focusing attention X X n/a n/a
d175 Solving problems X n/a n/a n/a
d210 Undertaking a single task X n/a n/a n/a
d220 Undertaking multiple tasking X n/a n/a n/a
d310 Communicating with—receiving—spoken messages X n/a n/a n/a
d350 Conversation X n/a n/a n/a
d410 Changing basic body position X n/a X n/a
d415 Maintaining a body position X X n/a n/a
d430 Lifting and carrying objects n/a n/a X n/a
d450 Walking X X X n/a
d460 Moving around in different locations X n/a n/a n/a
d498 Mobility, other specified n/a n/a X n/a
d510 Washing oneself X X X n/a
d540 Dressing X X X n/a
d550 Eating X n/a n/a n/a
d6 Domestic life X n/a n/a n/a
d640 Doing housework X X n/a n/a
d698 Domestic life, other specified n/a n/a X n/a
d720 Complex interpersonal interactions X n/a n/a n/a
d730 Relating with strangers X X n/a n/a
d750 Informal social relationships X X n/a n/a
d760 Family relationships X X n/a n/a
d770 Intimate relationships X X n/a n/a
d820 School education X n/a n/a n/a
d825 Vocational training X X n/a n/a
d830 Higher education X X n/a n/a
d850 Remunerative employment X X n/a n/a
d870 Economic self-sufficiency X n/a n/a n/a
d9 Community, social and civic life X n/a n/a n/a
d910 Community life X n/a n/a n/a
d920 Recreation and leisure X n/a X n/a
d940 Human rights X n/a n/a n/a
€110 Products or substances for personal consumption n/a n/a X n/a
€115 Products and technology for personal use in daily living n/a n/a X n/a
€120 Products and technology for personal indoor and n/a n/a X n/a
outdoor mobility and transportation

TOTAL categories 43 15 12 1

x = available, n/a = not available; b = Body Functions, d = Activities and Participation;
e = Environmental factors in ICF

2.2.5 Psychometric properties of WHO Disability
Assessment Schedule 2.0

In the extensive research by Ustiin et al. (2010), the WHODAS 2.0 was found to
work well in different cultures and subgroups and among people with or without
health problems such as mental disorders and addictions. Through a set of factor
analyses, the unidimensionality of the questionnaire was approved. The internal
consistency (Cronbach’s alpha) was good varying from 0.8 to 1.0. Test-retest
reliability was also good. The intraclass correlation coefficient at an item-level
varied from 0.6 to 0.9, at a domain-level from 0.9 to 1.0, and at a total-score-level
the coefficient was perfect 1.0. Concurrent validity has been found to be decent: the
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total WHODAS 2.0 score was used to predict the scores for the WHO Quality of
Life measure (» = 0.68), the London Handicap Scale (» = 0.75), The Functional
Independence Measure (» = 0.68) and the 12- and 36-item Short-form Health Survey
mental component scores (# = 0.17). One of the main findings was that the
WHODAS 2.0 scores have highly correlated with the scores of the Functional
Independence Measure’s motor scale (» =0.67) and the SF-36 Physical Component
Score (r = 0.66) (Ustiin et al., 2010).

Recently, when the psychometrics of WHODAS 2.0 (Federici et al., 2017) were
reviewed, it was found that the WHODAS 2.0 was a valid and reliable scale for
assessing disability. The review also suggested that the MCID of WHODAS 2.0
needs to be established.

The Finnish national Functioning Measures Database TOIMIA used by
healthcare professionals, publishes frequently updates on the present-day data
concerning the psychometrics of WHODAS 2.0. In Finland, WHODAS 2.0 has been
recommended as a tool for screening restrictions to participation among adults and
for self-assessment of adults’ functional capacity in identifying the need for
rehabilitation and monitoring rehabilitation (Kuntoutuksen tietopohja-hankkeen
(KUTYI) asiantuntijaryhmén jésenet, 2020).

The 12-item interviewer-administered Finnish version of WHODAS 2.0 was
translated according to the WHO translation guidelines by the Project of Health,
Well-being, and Quality of Life of the Ageing Population in Europe (Perales et al.,
2014). In 2014, the Finnish version of WHODAS 2.0 was piloted in the samples
of people disabled due to neurological conditions, people undergoing cardiac
rehabilitation and people with spinal cord injury (Paltamaa, 2014).

226 World Health Organization Disability Assessment
Schedule 2.0 and chronic musculoskeletal pain
patients

A single systematic review on the psychometric properties of WHODAS 2.0 has
previously been published (Federici et al., 2017). Of the included papers, only one-
third had concerned the 12-item version of WHODAS 2.0.

According to Federici et al. (2017), the 12-item version, whether self- or
interviewer-administered, appeared to be unidimensional. In addition, the 12-item
version of WHODAS 2.0 accounted for the 80% variance observing in a 36-item
version. Test-retest reliability was reported as generally high in different
populations. In summary, the correlations between the WHODAS 2.0 and other self-
reporting measures, as for example, the World Health Organization Quality of Life
(WHOQL: World Health Organization, 1997) or the 36-Item Short-form
Survey (SF-36: Ware, 2000) have varied from weak to strong. In the review of both
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WHODAS II and WHODAS 2.0, the authors also concluded that the MCID for
WHODAS 2.0 needs to be defined (Federici et al., 2017).

The MCID and the minimal detectable change (MDC) for the self-administered
12-item WHODAS 2.0 were reported by Katajapuu et al. (2020) in a sample of 2,000
patients with chronic musculoskeletal pain derived from a population employed by
the present thesis. The MCID was found to vary from 3.1 to 4.7 points, while the
MDC was 8.6 points and the MDC% was 66% (Katajapuu et al., 2020). The same
research group did not observe ceiling but significant floor effect of 15% to 79% for
the items of WHODAS 2.0. Additionally, the same research group reported uniform
gender-related differential item functioning (DIF) in seven out of twelve items
(Katajapuu et al., 2019b; Katajapuu et al., 2020). Katajapuu (2021) stated that the
WHODAS 2.0 score should be used with caution due to multidimensionality.
Instead, creating the profile of limitations of functioning may be more reliable
approach to use the WHODAS 2.0.

Cwirlej-Sozanska et al. (2020a) assessed the psychometric properties of the
Polish version of the 36-item interviewer-administered WHODAS 2.0 among 92
patients with LBP (women 62%, age 66 years). The convergent validity of
WHODAS 2.0 was assessed comparing WHODAS 2.0 with the ODI and reporting
positive correlations ranged from 0.35 to 0.87. The lowest correlation of 0.35 was
detected between domain #4 “Getting along” and the total score for the ODI.
Respectively, the highest correlation of 0.87 was seen between the total scores. Garin
et al. (2010) suggested that the WHODAS 2.0 might fail to distinguish people with
mild, moderate, or severe LBP.

In a recent review by Wong et al. (2022) all versions of the WHODAS 2.0
appeared to have adequate content validity, structural validity, internal consistency
and reliability among people with LBP. However, the construct validity of both 36-
item and 12-item versions was found to be indeterminate.

227 Psychometric properties of 12-item self-administered
World Health Organization Disability Assessment
Schedule 2.0 among people with chronic low back
pain

Even though the WHODAS 2.0 has widely been evaluated among people with

chronic musculoskeletal pain, only few previous studies have focused on the use of

the WHODAS 2.0 among people with LBP particularly. Additionally, to the studies
identified through the aforementioned conducted systematic review, some of the
studies targeting primarily LBP should be mentioned.

In studying psychometric properties of 36-item interview-administered

WHODAS 2.0 among Polish chronic low back pain patients, Cwirlej-Sozanska et al.

21



Esa Barlund

(2020a) findings supported the use of WHODAS 2.0 as a valid endpoint in clinical
trials. Also due to WHODAS 2.0 high feasibility its use was highly recommended in
managing people with disability caused by LBP.

Although using a small sample size in their cross-cultural validation study of
Nigerian Igbo version of 36-item interview-administered WHODAS 2.0 among
chronic low back pain patients, Igwesi-Chidobe et al. (2020) noted WHODAS 2.0 to
have good internal consistency. It was also noted to correlate moderately with
performance-based disability, self-reported back pain-specific disability and pain
intensity. Finally, the authors underlined the need for in-depth test item and factor
structure studies of WHODAS 2.0 in the future.

In validating Indonesian version of the interview-administered WHODAS 2.0
among back pain patients, Rijanti et al. (2021) concluded the WHODAS 2.0 to be
valid and reliable questionnaire in measuring disability among back pain patients.
The total scores of WHODAS 2.0 were found to correlate with the total Oswestry
Disability Index (ODI) score. Some problems of inconsistency by respondents in
interpretating some WHODAS 2.0 questions were found, more guidance was needed
in those cases. The specific item-version of the WHODAS 2.0 was not mentioned.

Similarly, in validating Korean version of WHODAS 2.0 12-item self-
administered version, Hae-Jung and Da-Jeong (2011) conclude the measure to be
reliable and valid measure for the disability among patients with low back and/or
neck pain. Also the authors (Hae-Jung et al., 2011) found high level of internal
consistency for WHODAS 2.0 and strong correlation (r=0.77) was observed too
between WHODAS 2.0 and perceived disability measured by Functional Rating
Index (Feise & Michael Menke, 2001).

In examining the relationship between health problems rated according
Norwegian form of the Core Set for LBP and ODI and WHODAS 11, Roe et al.
(2008) found the Comprehensive ICF Core Set for LBP covering all of the items in
ODI and ODI’s all items linked to ICF. Also, ICF categories were found to be linked
to several items in ODI and WHODAS II without complete overlapping with each
others.

Chwastiak et al. (2003) found the 36-item interview-administered WHODAS 2.0
to be valid and reliable, including good internal consistency and convergent validity
with some health status measures, among back pain and depression patients, its
usefulness as health status instrument for measuring disability in primary care setting
was emphasized too. Researchers underline the importance of independency of
symptoms (pain and depression), activity limitations and participation and not seeing
them as interchangeable although them being related in their study. Also, the total
core of WHODAS 2.0 was found to be an accurate summary of subscale scores.

In studying generic self-report and performance based instruments of disability,
depression and physical activity among patient with and without pain, including
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LBP, Silvaetal. (2016) found 12-item interview-administered version of WHODAS
2.0 covering the pain in association of disability, regardless of the pain location.
Also, they recommended the use of WHODAS 2.0 as a routine measure in pain
patients.

While the evidence suggest that the WHODAS 2.0 might be of great importance
from points of views — clinical usefulness and scientific significance, the evidence
is too scarce to make definite strong recommendations for the practical use of the
WHODAS 2.0 among people with LBP. Additionally, it should be considered that
even though the WHODAS 2.0 is a general scale, its practicality should be confirmed
in different settings and translations. Even more, there is a great diversity in the
WHODAS 2.0 versions used by previous research. In this particular case, the worth
of the Finnish version of the WHODAS 2.0 should be re-checked without leaning on
the assumption of its usefulness based on the data obtained from the research
conducted in different settings using different translations.

2.2.8 Psychometric properties of 12-item self-administered
WHODAS 2.0 among general population and people
with non-acute physical causes of disability — a
systematic review (Study V)

To evaluate the psychometric properties of the 12-item self-administered WHODAS
2.0, we conducted a systematic review (Saltychev et al., 2021). Previous research on
the topic have been predominated by studies with small sample sizes. The studies
have often not reported exact version of WHODAS 2.0 describing the scale in
general as “12-item WHODAS 2.0”. The aim of the review was to explore the
psychometric properties of the 12-item WHODAS 2.0 among both a general
population and people with non-acute physical causes of disability.

2.2.8.1 Methods

The inclusion and exclusion criteria are shown in Table 3. Medline, Embase, Web
of Science, Scopus, and PsycINFO databases were used as data sources. In order to
avoid missing any potentially relevant studies, the search clauses were left as generic
as possible, and the refining search was conducted manually. The references of
identified articles and reviews were also checked for relevancy. The search strategy
is presented in Table 4. The main outcomes were the psychometric properties of
WHODAS 2.0 understood as any property of WHODAS 2.0 related to its validity,
reliability, responsiveness, MCID, MDC or respective.
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Table 3. Inclusion and exclusion criteria of the review. Modified from Original Publication 1V.

Inclusion criteria

Exclusion criteria

Outcome

Papers (including short communications and letters to the
editor, excluding conference proceedings, theses etc.)
published in academic peer-reviewed journals. No restrictions
on the time of publication or language.

Major psychiatric diagnoses, acute traumas, other
acute conditions (e.g., postpartum or pregnancy), hearing loss,
progressive neurological disorders, age of <19 years.

Psychometric properties of WHODAS 2.0 understood as any
property of WHODAS 2.0 related to its validity, reliability,
responsiveness, MCID or minimal detectable change.

Table 4. Search strategy of the review. Modified from Original Publication V.

Databases

Search clauses and filters

Medline (PubMed)

Embase

Scopus

Web of Science

PsycINFO

(whodas [TI] OR "World Health Organization Disability
Assessment Schedule" [TI] OR “who-das” [TI] OR “who das”
[TI1]) AND (“12” OR “twelve”) AND (hasabstract[text])

(whodas:ti OR "World Health Organization Disability
Assessment Schedule":ti OR “who-das”:ti OR “who das”:ti)
AND (“12” OR “twelve”)

(ALL(( "12" OR "twelve"))) AND (TITLE(( whodas OR "World
Health Organization Disability Assessment Schedule" OR
"who-das" OR "who das"))) AND (LIMIT-TO(DOCTYPE,"ar")
OR LIMIT-TO(DOCTYPE,"le") OR LIMIT-
TO(DOCTYPE,"no")) AND (LIMIT-TO(SRCTYPE , "j"))

(TITLE: (((wholes OR "World Health Organization Disability
Assessment Schedule") OR "who-das") OR "who das") AND
ALL FIELDS: ("12" OR "twelve")) Timespan: All years.
Indexes: SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-
SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC.
Refined by:

DOCUMENT TYPES: (ARTICLE)

Tl ((whodas OR "World Health Organization Disability
Assessment Schedule" OR “who-das” OR “who das”))
AND TX ((“12” OR “twelve”)) Source type:

Academic Journals

After the search in January 2019, duplicates or multiple copies of the search

results were removed using the Endnote® software. During the screening phase,

two independent reviewer teams first checked all the search results according to
the titles and abstracts of the articles, and then conducted a full text assessment.
Disagreements between the reviewers were resolved by consensus or by a third
reviewer. The screening process is shown as a PRISMA chart (Figure 1). The
methodological quality of the included studies was not rated. One reviewer
extracted all the relevant data from the selected articles using a form including the
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title, first author, year of publication, country of origin, study settings, main

diagnoses of participants if specified,

sample size,

gender distribution,

participants’ age, main psychometric measures, main quantitative results, and
conclusions made the authors of original publications.

Mediine Embase Scopus Web ofScience PsydNFOD
n=238 n=61 n=58 n=26 n=7
| | | | |
Y
Duplicates
=181 > =105
¢ Papers on hearing loss(3},
psychiatricdisorders (20},
trauma(3}, Huntington’s disease
A=088 ’ (2}, postpartum and pregnancy
(33, papers on 36-item version and
¢ general comments (12}
Assessed based
on titles and > Excluded
abstracts n=13
n=43
Assessed based
on full texts p| Erclded
n=18
n=30
Included for the
data exctraction » Excluded
p n=1
n="14
1 paper Included for the
published after —P» analysis
the search n=14
Figure 1. Search flow. From Original Publication IV.
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2.2.8.2 Results

2.2.8.2.1 Search results

The search resulted in 191 records. Of them, 148 were excluded as duplicates and
papers on hearing loss, psychiatric disorders, trauma, Huntington disease,
postpartum and pregnancy, papers on 36-item version, and general commentaries.
The remaining 43 records were screened based on their titles and abstracts and 13
irrelevant papers were excluded. The number of observed agreements between the
reviewers was 30 (70% of the observations) and kappa was 0.23 (SE 0.16, 95% CI
—0.09 to 0.55) considering the strength of agreement between the reviewers to be
“fair.” Thirty records were assessed based on their full-texts and 16 irrelevant papers
were excluded comprising 14 relevant studies potentially fit for a qualitative analysis
(Figure 1). Additionally, one study that was published after the search was
considered relevant into further analysis (Katajapuu et al., 2019a). The attempt to
extract relevant data regarding a 12-item self-administered WHODAS 2.0 version
from the report by Tazaki et al. (2014) was unsuccessful and that study was excluded
from further analysis. Tazaki et al. (2014) employed five different versions of
WHODAS 2.0 (12- and 36-item interviewer-administered, 36-item proxy-
administered, and 12- and 36-item self-administered versions) and there was a
discrepancy in reporting a sample size (total #=126 but 62 men and 70 women). After
the selection and data extraction phases, 14 records were included into further
analysis.

2.2.8.2.2 Studied samples

All of the 14 remaining papers were published after 2013 (Table 5). All of them were
observational studies. Two studies focused on the elderly (Galli et al., 2018; Silva et
al., 2019) while the rest evaluated people of working age. The sizes of samples varied
from 80 up to 31,251 participants. Except for one study with 98% women (Smedema
et al., 2016), the proportions of female participants were between 47% and 65%. A
great diversity was observed in the participants’ health problems: patients waiting
for an elective joint arthroplasty or neurosurgery (Schiavolin et al., 2014; Galli et al.,
2018), general population or healthy volunteers (Kimber et al., 2015; Gaskin et al.,
2017; Marom et al., 2017; Silva et al., 2019), patients with chronic musculoskeletal
pain or fibromyalgia (Smedema et al., 2016; Saltychev et al., 2017a; Saltychev et al.,
2017b), patients with spinal cord injury (Smedema et al., 2017; Tarvonen-Schroder
et al., 2019), and people reimbursed for any disabilities (Xenouli et al., 2016) .
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2.2.8.2.3 Psychometric properties

The most common psychometric properties reported by the included studies were
Cronbach’s alpha and convergent validity. The alpha estimates were usually high
varying from 0.81 up to 0.96. Any pooling of the reported concurrent validity
estimates was impossible as each study compared WHODAS 2.0 with different
scales. However, the reported correlations between WHODAS 2.0 and other
disability scales applied at the same time with WHODAS 2.0 were high in most of
the studies.

Floor and ceiling effects were reported by three studies. One study (the biggest
sample size of 31,251) reported a substantial floor effect up to 32% (on average 20%)
without a ceiling effect (Gaskin et al., 2017). Another study conducted on a sample
of 183 participants did not observe any floor or ceiling effects (Schiavolin et al.,
2014) . Moreover, in that study, none of the participants—patients waiting for a
neurosurgical procedure—reported a highest or lowest WHODAS 2.0 scores. The
third study reported a significant floor effect up to 80% for all 12 items and for a
total score without a ceiling effect (Katajapuu et al., 2019a).

Exploratory factor analysis or principal component analysis were employed by
six studies (Smedema et al., 2016; Xenouli et al., 2016; Smedema et al., 2017;
Gaskin et al., 2017; Saltychev et al., 2017a; Saltychev et al., 2017b). None of them
reported a unidimensional structure of 12-item WHODAS 2.0. The number of factors
varied from two up to five. Four studies employed confirmatory factor analysis. Only
one of them reported a good model fit (Kimber et al., 2015). In one study, the
hierarchical model with one common factor and six subfactors (as suggested by
WHODAS 2.0 developers for 36-item version) was assessed resulting in poor fit
(Smedema et al., 2017). One study reported a good fit of one-factor model, but the
reported root mean square error of approximation (RMSEA) was insignificant 0.079
pointing at a poor fit (Schiavolin et al., 2014). Another study reported a good fit of a
two-factor model (Saltychev et al., 2017b). In one study, the discriminative ability
was assessed using Karnofsky Performance Status scale as indicator of disability
(Schiavolin et al., 2014) reporting positive results. Another study assessed the
discrimination ability using the item response theory (Saltychev et al., 2017a). That
study reported discrimination of WHODAS 2.0 items being high to perfect, even
though, the difficulty of items was shifted towards elevated disability rates. Such a
shift implicates that a respondent should be experiencing slightly worse disability
(compared with the average population rate) to achieve a 50/50 probability of giving
an answer that would be interpreted by the WHODAS 2.0 as a “worse disability.”
Three studies assessed test-retest reliability of the 12-item WHODAS 2.0 (Moreira
etal., 2015; Marom et al., 2017; Silva et al., 2019) reporting insignificant differences
between repeated measures. In all three studies, the time interval between measures
was 1 week.
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Table 5.

Basic characteristics of included studies. Modified from Original Publication IV.

Age, mean
(standard
Settings, participants, and main Sample deviation),
Author and year  Country diagnoses size Women years Psychometric properties
Galli et al. (2018) Italy Patients hospitalized for elective hip 80 67% 70.1 (1.1)  Convergent validity with modified Barthel
(60%) or knee (40%) arthroplasty (3 index: 0.335
hospitals). After-surgery estimates
excluded.
Gaskin et al. Australia SAGA data’ - general population >=50 31,251 54% 63.4 (9.5) EFAS: 1 to 3 factors (mostly 2 or 3). Floor
(2017) years effect: 6% to 32% (overall 20%). Ceiling
effect: none.
Kimber et al. Canada CCHS-MH data? - general population 23,798 51% 47.1 (0.2) Alpha: 0.95 (95% CI 0.94 to 0.96) CFAS
(2015) >=15-year youth group excluded. (assuming 1/6-factor structure).
Marom et al. Israel Volunteers - general working 155 51% 43.1 (15.0) Alpha: 0.85. Reported including patients with
(2017) population. Group with acute trauma acute trauma: Test/retest (1 week): ICC7 0.88
excluded. (95% CI 0.83 to 0.91). Convergent validity:
PCS-128-0.46 (95% CI -0.67 to -0.15), MCS-
15°-0.62 (95% CI -0.78 to -0.36), QDASH'®
0.53 (95% CI1 0.33 to 0.69).
Moreira et al. Portugal  General population using community 144 64% 64.0 (6.7) Alpha: 0.86. Test/retest (1 week): ICC
(2015) support services. 0.77(95% Cl 0.69 to 0.83). Convergent
validity: Barthel index: -0.27, LSNS'" -0.19.
Saltychev et al. Finland University outpatient clinic. Chronic 501 65% 47.1 (13.9) EFA: 2 factors. IRT'?: discrimination - high
(2017a)® non-specific musculoskeletal pain. to perfect for all items’ difficulty - slight shift
towards elevated disability rates.
Saltychev et al. Finland University outpatient clinic. Chronic 408 65% 47.0 (13.7) EFA: 2 factors. CFA: 2-factor assumption.
(2017b)*4 non-specific musculoskeletal pain.
Schiavolin et al. Italy Patients scheduled for different 183 50% 51.1(13.1) CFA: assuming 1-factor structure
(2014) neurosurgical surgery. (insignificant RMSEA 0.079). Alpha 0.875.
Convergent validity: EUROHIS-QOL" -
0.52, PGWBI-S™ -0.52. Discriminative
validity: significant difference between
KPS'5>90 and KPS=<90. Floor and ceiling
effects: none (0%).
Silva et al. (2019)  Portugal Day Care Centers and Nursing Homes. 100 62% 82.3 (8.1) Convergent validity: GST'® —0.57 to —0.62,

Possibly including interviewer-
administered version of WHODAS 2.0.

FTSTS' 0.41, TUG'® 0.32 to 0.37.
Test/retest (1 week): p value 0.32

punjeg es3



6¢

Age, mean

(standard
Settings, participants, and main Sample deviation),
Author and year  Country diagnoses size Women years Psychometric properties
Smedema et al. USA Online survey. Patients with spinal 247 50% 41.6 (12.4) Alpha: 0.82. CFA: hierarchical and 1-factor
(2017) cord injury. with poor fit. EFA: 3 factors. Convergent
validity reported for each of 3 factors
separately. Convergent validity: SWLS™ -
0.16 to -0.36, CSES?" -0.05 to -0.56, IPA?" -
0.16 to -0.47, SF-20%2 0.0 to -0.62.
Smedema et al. USA Online survey. Patients with self- 302 98% 48.4 (10.4) PCAZ: 2 factors. 1% factor: alpha: 0.81;
(2016) reported fibromyalgia. convergent validity: BFI?* 0.35, pain
intensity 0.28, MOS-Sleep?® 0.33, GFQ?®
0.53, CESD-10%" 0.63, MSPSS?8 -0.37. 2
factor: alpha 0.83; convergent validity BFI
0.43, pain intensity 0.43, MOS-Sleep 0.43,
CFQ 0.31, CESD-10 0.42, MSPSS -0.20.
Tarvonen- Finland University outpatient clinic. Patients 142 47% 56.7 (16.9) Alpha: 0.86. Convergent validity:7-item
Schroéder et al. with spinal cord injury. World Health Organization (WHO) minimal
(2019) generic set 0.49.
Xenouli et al. Greece People without (A) and with (B) 109/101 65%/ 46.3 (13.0) EFA: group A — 5 factors, group B — 4
(2016) disabilities 63% / factors. Groups A + B: Alpha 0.85.
515  Convergent validity: SF-PCS?° -0.76, SF-
(18.4) MCS?° -0.50, PSS-14%'0.55
Katajapuu et al. Finland University outpatient clinic. Chronic 1988 65% 47.6 (15.0) Floor effect: 15% to 79%. Ceiling effect:
(2019a)5 non-specific musculoskeletal pain. none.

" World Health Organization’s longitudinal Study on global ageing and adult health (6 countries); > Canadian Community Health Survey-Mental Health; 3
Subpopulation of Katajapuu et al. (2019a); 4 Subpopulation of Katajapuu et al. (2019a) ; 5 Exploratory factor analysis; ® Confirmatory factor analysis; 7
Intraclass correlation coefficient; 8 Physical composite scores; ® Mental composite scores; '© Quick Disability of Arm, Shoulder, and Hand Outcome Measure;
" Lubben Social Network Scale; '2 Item response theory analysis; '* European Health Interview Survey-Quality of Life; * Psychological General Well-Being
Index-Short; ' Karnofsky Performance Status; '® Gait speed test; "7 FTSST: Five-times-sit-to-stand-test; '® Time Up & Go Test; '° Satisfaction with Life
Scale; 2 Core Self-Evaluations Scale; 2' Work and Education subscale of the Impact on Participation and Autonomy Questionnaire; 2> Medical Outcomes
Study 20-ltem Short-form Health Survey; 2 Principal Component Analysis; 2 Brief Fatigue Inventory; 2> Medical Outcomes Study — Sleep Scale; 2 Cognitive
Failures Questionnaire; 2” Center for Epidemiological Studies Depression Scale-Short Form; 2 Multidimensional Scale of Perceived Social Support; 2° Short-
form 36 Brief Physical Health Scale; 3° Short-form 36 Brief Mental Health Scale; 3' Perceived Stress Scale
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2.2.8.2.4 Review conclusions

Based on the results of 14 observational studies, the self-administered 12-item
WHODAS 2.0 was found to be an internally consistent and test-retest reliable
questionnaire. The samples of the reviewed studies have varied from healthy adults
to people suffering from chronic musculoskeletal pain. The WHODAS 2.0 did not
show any significant ceiling effect. Opposingly, several studies have reported a
substantial floor effect. The WHODAS 2.0 was able to discriminate especially well
people with moderate or severe disability, but it did not perform equally well among
people at the low end of the distribution of disability severity. Additionally, the
analysis of data on the psychometrics of the WHODAS 2.0 pointed out to a possible
inconsistency existed between the severity of disability people are experiencing in
reality and the WHODAS 2.0 score — respondents might be tended to underestimate
their functional limitations. While other properties of the WHODAS 2.0 have overall
been reported as excellent, the factor structure of the scale has been questioned by
several studies reporting the multidimensionality of the WHODAS 2.0 instead of a
desired unidimensionality. A potential multidimensionality in the factor structure of
the WHODAS 2.0 might weaken the value of a composite score produced by the
WHODAS 2.0 as the different domains of functioning might contribute to that score
differently while resulting in the same composite score (Ravaud et al., 1999).

The generalizability of the results of the review might be affected by a substantial
heterogeneity seen in the studied populations, sample sizes and overall small number
of the identified studies on the topic. When evaluating the convergent validity of the
WHODAS 2.0, the reviewed studies have employed the very wide spectrum of
scales. Combined with the overall smallness of study samples, this made a reliable
pooling of the results concerning convergent validity of the WHODAS 2.0
impossible. The great diversity between designs, samples, settings and scales made
the assessment of potential risk of systematic bias impossible as well.

While none of previous reviews on the subject has focused on a 12-item version
of the WHODAS 2.0, the present results are somehow comparable with an
international systematic review on the WHODAS 2.0 conducted in 2016 (Federici et
al., 2017). Also, that review has observed the good convergent validity of the
WHODAS 2.0 compared to other scales of functioning. The present review,
however, could not confirmed the unidimensional structure of the WHODAS 2.0
reported by a previous review. This difference might be explained by the differences
between selection criteria used in these two studies — only 12-item version vs. all
possible versions and special focus on chronic musculoskeletal conditions. It is
possible, and even expected, that different versions of

WHODAS 2.0 may produce different patterns in their factor structures especially
when applied to more or less diverse populations. The differences between versions
might result in dissimilar responses especially when comparing a self-rated form
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with those filled out by professionals or proxies. Respondents may overstate or
downgrade their responses in order to avoid some uncomfortable facts, guessing the
expectations of professionals coding the given responses, or even trying to achieve
some profitable outcome when applying for some social or insurance benefits. In
turn, when filling interviewer- or proxy-based forms, a subjective component related
to the interviewers could hardly been avoided. Additionally, many papers selected
for the present review have been published after the previous systematic review,
which has been submitted to a journal in the spring of 2016.

2.3 The Oswestry Disability Index

The ODI, a self-administered, free, easy to use, questionnaire (Fairbank et al., 1980)
was developed at the end of the 1970s. It has since been widely used in research and
clinical practice and is considered a gold standard in the field of spinal disorders.
The ODI was revised in 2000, and the most recent version is the ODI_2.1b (Fairbank
& Pynsent, 2000; Eprovide, 2022). According to Fairbank et al. (2000), it was
agreed that the ODI would adopt the concept of disability defined by WHO, focusing
on limitations of physical activities caused by LBP. The ODI has been translated and
validated in 80 different languages (Eprovide, 2022). The ODI was translated into
Finnish following the protocol of cross-cultural adaptation by Pekkanen et al. (2011).
The methodological quality of cross-cultural validations of ODI has previously been
criticized (Yao et al., 2016), although Sheahan et al. (2015) earlier found culturally
adapted versions of ODIs to mostly have high psychometric properties. Over the
years, the properties of the ODI have been extensively studied (Fairbank et al., 2000).

Considering the exceptionally broad use of ODI, the knowledge of its
psychometrics is surprisingly scarce and inconsistent. There have been several
studies on the internal consistency of the ODI and its factor structure, but only a few
have used Rasch analysis or item response theory (IRT) to distinguish individuals
with different levels on scales (White et al., 2002; Davidson, 2008).

Construct structure of ODI have been valued for its excellent psychometric
properties some previous studies (Lauridsen et al., 2006; Pekkanen et al., 2011;
Sheahan et al., 2015). Some other studies have been more careful in recommending
ODI use (Davidson, 2008; Dawson et al., 2010; Lochhead & MacMillan, 2013). The
internal consistency of ODI has been usually considered good. One and two factor
structure models have been studied in order to explain factor structure of ODI (Chow
& Chan, 2005; Monticone et al., 2009; Valasek et al., 2013; Algarni et al., 2014; van
Hooff et al., 2015). There is no full agreement on ODI’s factor structure, a latent
variable or variables may co-exist with disability. Variation with results may be
related to differences in small sample sizes. Only one previous study on ODI validity
has been carried out on a large sample using the method of Rasch analysis, Brodke
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et al. (2017) were not able to unquestionably confirm the unidimensionality of ODI.
Additionally, although they reported good person and item reliability of the ODI,
large floor and small ceiling effects were found, and this may have an effect
interpreting results of scores. These observed limitations in the study may be related
due the fact that study setting was a single-center study with relatively homogenous
cohort of patients in terms of their demographics (Brodke et al., 2017). Authors also
concluded that further study on evaluating extrinsic validity should be done.

24 Numeric Rating Scale

Very often, an 11-point NRS is an outcome measure of choice for LBP, due to its
easiness and overwhelmingly widespread use (Chapman et al., 2011; Chiarotto et al.,
2016; Froud et al., 2016; Chiarotto et al., 2019).

An NRS has been shown to be associated with the ODI among LBP patients even
if the correlations may vary from weak to strong (Vigatto et al., 2007; Solomon et
al., 2011; Hong & Shin, 2020). Also, an NRS has shown a low to moderate positive
association with the RMDQ (Grotle et al., 2004; Moon et al., 2011; Asghari, 2011;
Monticone et al., 2012; Raheem et al., 2021). Hush et al. (2010) noted that neither
the RMDQ nor an NRS seemed to cover the whole complex personal experience of
LBP, and may, therefore, lead to incorrect conclusions regarding a patient’s
condition. The MCID for pain NRS was established at 2.0-2.5 points (Farrar et al.,
2001; Childs et al., 2005; Ostelo & de Vet, 2005; Maughan & Lewis, 2010; Suzuki
et al., 2020). According to Shafshak and Elnemr (2021), a NRS and a pain visual
analogue scale (VAS) correlated strongly and positively with each other, and both
were able to predict disability among people with LBP. It has been suggested that
such single-item scales as NRS or VAS might be insufficiently precise due to the
difficulties experienced by respondents when quantifying such a complex concept as
pain (Paungmali et al., 2012; Robinson-Papp et al., 2015; Chiarotto et al., 2019)

The summary of reliability and validity of the 12-item WHODAS 2.0, the ODI
and a NRS in LBP is presented in Table 6.
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Table 6.

Common self-reported outcome measures of function, disability or pain on LBP research, their reliability and validity.

Measurement

Reliability and validity

Benefits

Limitations

Oswestry Disability
Index (ODI)
(Fairbank et al., 1980)

koK@

Reliability:
- Test/Retest reliability: value for one day (0.94-

0.99) (Fairbank et al., 1980; Payares et al.,
2011)

Inter-rater reliability high (0.94) and internal
consistency 0.84-0.90 (Payares et al., 2011)
Test/retest reliability has been assessed for
excellent (sections of walking, sleep and total
score) adequate (sections of pain intensity,
lifting, sitting, standing, social life and travel)
and poor (section of sex) (Dawson et al.,
2010)

Validity

Content and face validity; Adequate content
validity is reported due to covering common
LBP patients’ activities of daily living

High internal consistency (Cronbach’s a =
0.71-0.87), construct validity has been
appraised excellent (Lauridsen et al., 2006;
Pekkanen et al., 2011; Sheahan et al., 2015)
External construct and convergent validity;
Correlation with other disability measures
including RMDQ (correlation coefficient = 0.5)
and also with pain scales (Fairbank et al.,
2000; Roland & Fairbank, 2000)

Considered as a gold standard
for measuring disability for
adults with LBP

Simple to use, it can be
completed fast, similarly scored
and also possible over the
phone

Good construct validity and
internal consistency,
test-retest reliability high over
short intervals

Good correlation with other tools
like VAS

Encouraged to be used also in
association with pain-measuring
unidimensional measures like
NRS or VAS (Garg et al., 2020)

Poor test-retest reliability over long
intervals. Some reports of being not
so sound psychometrically(Garg et
al., 2020)

May be a multidimensional measure
instead of one-factor-structure (Lee
etal., 2017)

In content validity misses lacks
some common activities including
work, leisure, recreation or sporting
activities (Smeets et al., 2011)
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Measurement

Reliability and validity

Benefits

Limitations

Visual Analogue Scale
(VAS)
(Huskisson, 1974)

k@

Numeric or numerical
rating scale (NRS)
(Downie et al., 1978)

Fok@

Reliability

- Test-retest reliability has been studied
sparsely; acceptable test-retest reliability has
been suggested (Paungmali et al., 2012)

Validity

- In studying content validity, difficulties noted
in measuring pain, in defining “right”
experiences and average pain (Robinson-
Papp et al., 2015)

- Structural validity not studied due to NRS
being single-item scale and no studies
available for cross-cultural validity (Chiarotto
etal., 2019)

Reliability

- Single measurement is reliable and valid
enough for basic research purposes (Jensen
& McFarland, 1993)

Validity

- Structural validity not studied due to NRS
being single-item scale and no studies
available for cross-cultural validity (Chiarotto
etal., 2019)

- In studying content validity, NRS was
suggested to be somewhat inadequate
outcome measure among adults with the
persistent LBP(Hush et al., 2010; Robinson-
Papp et al., 2015)

Fast, easy to use and score in
research and clinical use

Fast, easy to use and score in
research and clinical use

Patients may have difficulties in
quantifying the pain (Robinson-Papp
etal., 2015)

May include a downward “response
shift” over the time; Misses the
dimension of personal experience of
back pain (Hush et al., 2010)
Reliability and validity may benefit
from series of measurements over
several days instead one single
measurement (Jensen et al., 1993)

Patients may have difficulties in
quantifying the pain (Robinson-Papp
et al.,, 2015)

NRS may have difficulties capturing
complexity of patient’s personal
experience of pain (Hush et al.,
2010)
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Measurement

Reliability and validity

Benefits

Limitations

12-item self-
administered
WHODAS 2.0 (World
Health Organization,
2010)

*a

Reliability

- An adequate reliability and internal
consistency of short versions of WHODAS
2.0 has been reported (Wong et al., 2022)

Validity

- An adequate structural validity of short
versions of WHODAS 2.0 has been reported;
Construct validity of the short versions of
WHODAS 2.0 in LBP patient has been
reported to be indeterminate (Wong et al.,
2022)

Short and easy to use;

Useful in studying population
with health problems (Cwirlej-
Sozanska et al., 2020b)

Recommended to be used in
measuring functioning in
persons with LBP in variety of
cultures and settings (Wong et
al., 2022)

Limited studies of construct
validations

@ Psychometrics studied: * = limitedly studied, * *= moderately studied, * * *=extensively studied
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Aims of the Present Study

The aim of this study was to explore the convergent validity of the 12-item
WHODAS 2.0 among people with chronic musculoskeletal pain. This study was part
of the Turku ICF project.

The aims of this study were:

1.

To assess the validity of the Finnish translation of the 12-item self-
administered WHODAS 2.0. (Study I)

To investigate the psychometric properties of the ODI in a large cross-
sectional cohort of individuals with chronic low back pain by defining its
internal consistency, construct structure and validity, and its ability to
discriminate between different degrees of functional limitation. (Study II)

To determine whether pain severity measured on an NRS is associated with
restrictions in functioning, measured using the 12-item self-administered
WHODAS 2.0, of chronic musculoskeletal-pain patients. (Study III)

To explore the available evidence on the psychometric properties of the 12-
item self-administered WHODAS 2.0 among the general population and
people with non-acute physical causes of disability. (Study V)

To study whether the 12-item self-administered WHODAS 2.0 and the ODI
are associated, to justify their interchangeability. (Study V)

In addition, this thesis discusses whether the results are in accordance with a priori
set hypotheses:

36

1.

The 12-item self-administered WHODAS 2.0 is an internally consistent
scale identifying a single underlying latent trait, a “general disability factor”,
in people with chronic musculoskeletal pain. (Study I)

The WHODAS 2.0 is able to distinguish different levels of functioning
among people with chronic musculoskeletal pain. (Study I)

The ODI is an internally consistent scale identifying a single underlying
latent trait, a “general disability factor”, in people with LBP. (Study II)



Aims of the Present Study

The ODI is able to distinguish different levels of functioning among people
with LBP. (Study II)

Pain severity measured by using an NRS is positively and moderately or
strongly associated with the 12-item self-administered WHODAS 2.0.
(Study III)

The available evidence of the systematic review supports the use of the 12-
item self-administered WHODAS 2.0 among the general population and
among people with non-acute physical causes of LBP. (Study IV)

The 12-item self-administered WHODAS 2.0 is positively and moderately
or strongly associated with the ODI in people with LBP. (Study V)
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4 Materials and Methods

4.1 Study designs and participants in Studies I-lll
and V

The studies I-III and V employed the cross-sectional data from Turku ICF Study
(Saltychev et al., 2013), which were collected between April 2015 and February
2017. Out of 3,150 patients who had visited Turku University Hospital’s Physical
and Rehabilitation Medicine Outpatient Clinic, 1,988 patients were included. All the
patients have participated in the study voluntarily and all of them signed written
informed consents. The study protocol and data collection were approved by the
Ethics Committee of Hospital District of Southwest Finland (ETMK 60/180/2012).

The Data for the Turku ICF Study were collected through a patient-reported
semi-structured questionnaire designed by the researchers. Patients received the
questionnaire by mail prior to their first clinic visit and were required to fill it in
before the physician’s appointment. In addition to study-specific parts, the
questionnaire also included information on the study, the patient’s rights, and the
written consent form.

The questionnaire consisted of several different parts, including a general part
with questions on general health status, education and work history, medications,
past medical history, living conditions, leisure time physical activities,
anthropometrics (weight, height), and open questions on the symptom or symptoms,
patient expectations of the visit, the origins of symptoms or pain, and their personal
opinions on the possible origin of and changes in symptoms or pain. Also, the
questionnaire contained pain drawings.

Patients responded to several PROMs, including (in the order they were
presented in the questionnaire): a pain NRS, the 12-item self-administered
WHODAS 2.0, the ODI 2.1a, and the Neck Disability Index (NDI).

The characteristics of the study samples are summarized in Tables 7 and 8§
including the distributions of main diagnoses grouped by individual studies used by
this thesis.
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Table 7. Characteristics of population and samples in Studies I-Ill and V. Modified from Original
Publications I-lll, V.

Variable Total Women Men P-value
Total population, N 1,988 1,297/65% 691/35%
Demographics
Age, years, mean (SD) 47,6 (6.3) 47,5(15.1) 47,6(14.7)  0.927
High School, n (%) 1,258 (67) 473 (39) 136 (21)  <0.001
No high school, n (%) 609 (33) 743 (61) 515(79) <0.001
Health status
BMI (kg/m?), mean (SD) 27.4 (5.7) 27.0(6.0) 28.2(5.1) <0.001
Pain, points 0—10, mean (SD) 6.3 (2.0) 6.4 (1.9) 6.2 (2.0) 0.005
Diagnoses
Dorsalgia, n (%) 781 (39)
Other soft tissue disorders, n (%) 202 (10)
Functioning
WHODAS 2.0 12-item total score?, 13.1 (9.4), 13.1 13.0 0.843
mean (SD), median (IQR) 12 (6,19)
Study I, n 501 325/64.9% 176/35.1%
Age, years, mean (SD, range) 47.1(13.9, 16 to 84)
Health status
BMI (kg/m?)?, median( IQR, range) 26.5 (23.51029.8, 15.6 to 84)
Functioning

WHODAS 2.0 12-item total score?,
median (IQR, range)

Study I, n

Age, years, mean (SD)
Functioning

ODI, total score, median (IQR, range)
Study Ill, n

Age, years, mean (SD, range)

No professional education, n (%)
Married/cohabiting, n (%)°

Single, n (%)¢

Functioning

WHODAS 2.0 12-item total score?,
median (IQR, range)

Study V, n

Age, years, mean (SD)
Married/cohabiting, n (%)

High school education, n (%)
Health status

BMI (kg/m?), mean (SD)

Pain severity (0—10), mean (SD)
ODI, total score, mean (SD)

WHODAS 2.0 12-item total score?, mean
(SD)

11.0 (6.0 to 18.0, O to 43)

837
47.6 (14.8)

550/66%

32 (22 to 44, 0 to 80)
1207
471 (14.5)
173 (15)
836 (74)
289 (26)

798/66%

25 (13 to 40, 0 to 79)

1,379

47.6 (14.9)
588(73.6)
398 (30)

881/64%

29.4 (76.4)
6.4 (1.9)
34 (16.4)
14.4 (9.4)

287/34%

409/34%

498/36%

SD= Standard deviation, IQR = Interquartile range, 2Simple scoring method
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Table 8. Main diagnoses for visiting Physical and Rehabilitation Medicine Outpatient Clinic.
Modified from Original Publications I-lll, V.

ICD-10 diagnosis n %
Study |

M54 Back pain 179 36.0
M51 Intervertebral disc disorder 55 11.0
M79 Soft tissue disorder 40 8.1
M75 Shoulder lesion 35 7.0
M50 Cervical disc disorder 23 4.6
M25 Joint disorder 20 4.0
M70 Soft tissue disorder related to use, overuse, and pressure 13 2.6
M43 Deforming dorsopathy 12 24
M&3 Dorsopathy 11 2.2
G54 Nerve root and plexus disorder 7 14
M48 Spondylopathy 7 14
M47 Spondylosis 6 1.2
Other 89 17.9
Missing 4 0.8
Total 501 100
Study Il

M54 Dorsalgia 411 491
M51 Thoracic, thoracolumbar, and lumbosacral intervertebral disc 93 11.1
disorders

M79 Other and unspecified soft tissue disorders, not elsewhere 53 6.3
classified

M48 Other spondylopathies 25 3.0
M43 Other deforming dorsopathies 16 1.9
M47 Spondylosis 12 (1) 12 1.4
M53 Other and unspecified dorsopathies, not elsewhere classified 10 1.2
Other 213 254
Missing 4 0.5
Total 837 100.0
Study 1l

Domain M, ICD-10 — Diseases of the musculoskeletal system and 1061 88.0
connective tissue

Other 146 12.0
Total 1207 100.0
Study V

Domain M, ICD-10 — Diseases of the musculoskeletal system and 1258 92.0
connective tissue

Other 139 8.0
Total 1379 100.0

The sample sizes in Studies I-1II and V varied between 501 and 1,379. Of the
total population sample, 65% were women. The average age of the respondents
varied from 46.1 to 47.6 years, and their body mass index (BMI) varied from 26.5 to
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29.4 kg/m?. The study participants were mostly married or cohabiting, and two-thirds

of the original population had at least a high school-level education.

The gender- and age-based distributions of the participants were similar for all
four original studies. Women formed about 65% of the study samples, and average
age varied only slightly around 47-48 years. The severity of limitations in
functioning was also similar for all the studies varying from 11 to 14 points, as
measured by the WHODAS 2.0. For all four samples, around 90% of the respondents
had diagnosis of the “M” domain of ICD-10 “Diseases of the musculoskeletal system
and connective tissue” as a primary diagnosis for visiting a clinic. Accordingly, the
severity of pain varied from six to seven points for usual pain and eight to nine points

for the worst pain.

Figure 2 presents the design and settings, methods of statistical analyses, and
conclusions for all four original studies.
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Cross-sectional cohort survey study
Outpatient physical and rehabilitation medicine clinic at Turku university hospital, N=1998

SETTING

v v v
n=1207
5 n=501 . 409 (34%) men, 798 (66%) women
176 (35.1%) men, 325 (64.9%) women n=837 Mean age (n=496), 47.1 (SD 14.5)y n=1379

Mean age (n=496),47.1 (SD 13.9)y
Median BMI(n=493) 26.6kg/m2 (IQR
23.5-29.8, range 15.6 —49.0)

287 (34%) men, 550 (66%) women
Mean age (n=496), 47.6 (SD 14.8)y

Married/cohabiting 836(74%), single
289 (26%); No professional education
173 (15%), university-level or
comparable education 241 (21%)

498(36%) men, 881 (64%) women
Mean age (n=1379), 47.6 (SD 14.9)y

v

v

Exploratory factor analysis and a
graded response model using item
response theory analysis were used to
assess the constructs and
discrimination ability of WHODAS 2.0.

The internal consistency of ODI was
assessed by Cronbach’s a, construct
structure by exploratory factor analysis,
construct validity by confirmatory factor
analysis, and discrimination was
determined by item response theory
analysis.

Correlation was assessed using
Spearman’s and
Pearson tests.

Correlations were explored by using a
Spearman'’s rank correlation coefficient

v

v

v

The present data indicate that the
Finnish translation of the 12-item
WHODAS 2.0 is a valid instrument for
measuring restrictions of activity and
participation among patients with
chronic musculoskeletal pain

The present data showed that the ODI
is an internally consistent,
unidimensional scale with overall
excellent construct validity and ability to
differentiate the severity of functional
disability. The ODI may better
distinguish between the relative
degrees of function at above average

disability levels.

The correlation between pain severity
measured by numeric rating scale and
functioning level measured by
WHODAS 2.0 was weak to moderate,
with slightly stronger associations in
physical domains of functioning.

While items defining physical
functioning were mostly strongly
correlated, items defining social or
psychological functioning were less
associated. Both scales could be used
together providing valuable information
regarding functioning of people with
chronic low back pain.

Figure 2. Short representation of workflow in Studies I-lll, V. Modified from Original Publications

I-111, V.
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4.1.1 Variables in the original studies

The independent variables in the original studies were gender (Study IV), age
(Studies I-1III and V), educational level (Studies III and V), marital status (Study IV)
and medical diagnosis (Studies I-III and V). Sex (man or woman) was classified
according to personal identification numbers. Age was defined in full years at the
time of visiting the clinic. Educational level was dichotomized as “high school”, vs.
“no high school”. Marital status was dichotomized as single vs. married or
cohabiting. Main diagnosis was determined by a physician according to the ICD-10.

The dependent variables were BMI (Studies 1 and IV), the 12-item self-
administered WHODAS 2.0 (Studies I, III and V), the ODI (Studies II and V) and a
pain NRS (Study V).

The 12-item self-administered WHODAS 2.0 covered 12 of the longer 36-item
version’s items, as follows:

1. Item: Standing for long periods,

Item: Taking care of household responsibilities,

Item: Learning a new task,

Item: Joining community tasks,

Item: Emotionally affected by health problems,

Item: Concentration on doing something for 10 minutes,
Item: Walking long distance such as 1km,

Item: Washing your whole body,

D T AT o B

Item: Getting dressed,

10. Item: Dealing with people you do not know,
11. Item: Maintaining a friendship and

12. Item: Day-to-day work

The respondents used a five-point Likert-like scale in each of the items above to
report the difficulties they had encountered due to their health conditions over the
previous 30 days. The scale ratings were:

0. None

1. Mild limitation

2. Moderate limitation
3. Severe limitation
4

. Extreme limitation or cannot do
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A simple scoring was used. To calculate the total score, the levels were coded
according to their numeric values of 0—4 and summed. The total score was the sum
of all 12 items divided by the maximum possible total score (Equation 1). It
described the degree of functional limitations.

Y item scores

100r) x 100 (1)

Total score = (

BMI was defined as the patient-reported body mass in kilograms divided by the
square of the body height in meters (Equation 2):

Patient—reported bodymass in kilograms (k
BMI = p y 8 (kg)

height in meters(m)?2 @)
The ODI, which consist of ten sections covering pain, personal care, lifting,
walking, sitting, standing, sleeping, sex life, social life, and traveling. For each
section, the respondents chose from six statements reflecting disability without a
defined recall period. The ODI uses a Likert-like scale from 0 (no limitation) to 5
(worst possible limitation).
The total score may vary from 0% to 100%, and the higher the score, the worse
the disability. The percentage score was calculated by multiplying the sum of items’
scores by 2 (Equation 3):

__ Total sum score of all answers

ODI score %100 3)

Total possible score (50)
The percentage scores were interpreted as follows:

0%—-20% = minimal disability

21%—-40% = moderate disability

41%—60% = severe disability

61%—80% = crippling back pain

81%—100% = bed-bound or exaggerated symptoms

If a missed answer was observed, it was not included in the total score and 5 was
subtracted from the denominator for each missing answer per section (Equation 4):

Total sum score of all answers
ODI score = ” hd <100 4)

Total possible score (50)-5 for each missing answer in a section

If a respondent had answered more than once in a section, the highest score was
accepted. Scores were rounded up to the closest whole number (Fairbank et al.,
2000).

The respondents also estimated their experience of pain, both average pain and
worst pain over the last month using an NRS for pain. A horizontal 11-point scale of
the numbers 0-10 was used, as follows:

el oLz Ls e[ e[ e[ ]

0 denoted “no pain” and 10 the “worst pain ever”.
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4.2 Methods and statistical analyses

The main statistical method in the Study I was IRT, which was based on the results
of the EFA conducted in prior to the IRT. The purpose of EFA was to evaluate the
factor structure of the WHODAS 2.0 in order to confirm or to reject its multi- or
unidimensionality. A conservative cut-off of >1.0 (Kaiser’s rule) was chosen as a
criterion for factor retaining.

Normally distributed data were presented as mean and standard deviations.
Abnormally distributed or ordinal data were presented as medians along with
interquartile ranges (IQR) and ranges. Two-tailed p-values were reported,
considering values <0.05 to be statistically significant. The employed IRT graded-
response model was a two-parameter model. The results were reported along with
their 95% ClIs. The EFA and the IRT were conducted using both numerical and
graphical analyses.

In the IRT, the first parameter is called “difficulty”, meaning here the severity of
disability experienced by a person needed to achieve a particular response. E.g., how
much disability in walking compared to the mean level observed in the sample
should a person experience in order to mark grade “two” and not grade “one” etc.
The scale used by the WHODAS 2.0 has five steps from zero to four. Thus, in an
ideal situation, for each individual item, the difficulty of response close to the
average level of disability (coefficient around 0) should be found near grade “two”
— the middle point of a five-grade scale. If so, then disability more severe than the
average in the sample should correspond to grades “three” and “four” (coefficients
bearing a plus sign), while milder disability should correspond to grades “zero” and
“one” (coefficients bearing a minus sign).

The second parameter used by the IRT is called “discrimination”. Roughly
explained, it is the steepness of curve describing the sensitivity of the WHODAS 2.0.
Steeper curve means better ability to distinguish people with different severity of
disability. Also, the object of interest is the location of the steepest interval in regard
to the average level of disability in the studied sample. In an ideal situation, the curve
is steep and the steepest interval is located around the average level of disability
allowing good ability to distinguish people with disability, which is only mildly
below or over the average level. Here, discrimination of 0.01 to 0.24 was considered
“none” (curve approaching a horizontal line), 0.25 to 0.64 “low,” 0.65 to 1.34
“moderate,” 1.35 to 1.69 “high,” and >1.7 was considered “perfect” (the steepest
possible curve).

The Study II employed similar statistical techniques as the Study I did, but this
time evaluating the ODI instead of the WHODAS 2.0. In addition to the EFA and
the IRT, the Study II used a Cronbach’s alpha as a measure of internal consistency
and the CFA to describe the factor structure of ODI in way, which is more
sophisticated than the EFA. A Cronbach’s alpha >0.9 was considered “excellent”,
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>0.8 “good”, >0.7 “acceptable”, >0.6 “questionable”, >0.5 “poor”, and <0.5
“unacceptable”. Cronbach’s o one-side 95% CL was computed.

The CFA goodness of fit was assessed by using the Root Mean Square Error of
Approximation (RMSEA). Covariances were added one at a time until the RMSEA
achieved the level of <0.05.

The Study III investigated the convergent validity of the WHODAS 2.0 using a
Spearman’s rank correlation test (correlation between ordinal scores of individual
items) or a Pearson product-moment correlation test (correlations between
continuous composite score and pain severity). A correlation of < 0.70 was
considered “very strong”, 0.40-0.69 “strong”, 0.30—0.39 “moderate”, 0.20-0.29
“weak”, and <0.19 “none or negligible correlation”. The results were reported along
with 95% Cls based on the Fisher’s transformation.

Similarly to the Study III, the Study V employed a Spearman’s rank correlation
coefficient to investigate the convergent validity of the WHODAS 2.0 in relation to
the ODI.

All the analyses were conducted using Stata/IC Statistical Software: Releases
14-16 (StataCorp LP, College Station, Texas, USA).

Table 9. Summary of statistical methods used in this thesis.

Method Purpose Definition, meaning or interpretation

Absolute numbers and To describe the
percentages distribution of estimates
within the studied samples

Mean and standard To describe normally Mean (average) — sum of all estimates in

deviations distributed continuous or  the data set divided by the number of
ordinal estimates values

Median, range and To describe abnormally Median — middle value when estimates are

interquartile range distributed continuous or  ordered from smallest to highest. Range —
ordinal estimates interval between minimum and maximum

estimates. Interquartile range (IQR) —
interval between 25% and 75% quartiles.

95% confidence To describe with 95% Because the true population mean is
interval/ limit confidence the possible unknown, 95% confidence interval (interval
range of mean estimates  between lower and upper confidence limits)

describes with 95% probability the range of
possible mean values that may be
measured if infinite number of similar
samples are drawn from the studied
population

p-value To evaluate the probability All the p-values were two-tailed with the
of observing the estimated level of statistical significance <=0.05
results, assuming that the
null hypothesis is true
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Method

Purpose

Definition, meaning or interpretation

Exploratory factor
analysis (EFA)
(Studies | and 11)

To identify the number of
main factors (latent
variables) responsible for
the composite score of a
scale

In a perfect situation, a scale produces only
one meaningful factor (unidimensionality); if
a composite score describes more than
one factor (multidimen-sionality) the score
is unreliable

Confirmatory factor
analysis (CFA)(Study
1))

Iltem Response Theory
(IRT) (Studies | and I1)

Cronbach’s & (Study
1))

Spearman’s rank
correlation test and
Pearson product-
moment correlation
test (Studies Ill and V)

To identify correlations
between individual items
and an underlying (laten)
trait (here disability)

In this work, IRT describes
two main abilities of the
WHODAS 2.0 - difficulty
and discrimination

A test of internal
consistency

Describe the strength and
the direction of correlation
between two variables

CFA is a form of structured equations
modelling (SEM) which is built based on
the factor structure previously established
by EFA.

Difficulty describes to what extend a
respondent should perceive a trait of
interest (e.g., disability) to give a particular
graded response. In a perfect situation, the
middle of a scale should be associated with
the average severity of trait in the studied
population. Discrimination describes how
well a scale distinguish respondents with
different severity of trait. In other words, it is
the steepness of regression slope. In a
perfect situation a scale is easily able to
distinguish people a trait level a little above
the average from those with a little more
severe trait level.

Internal consistency describes how well the
items of a multiple-item scale are correlated
with each other.

Pearson correlation test applies to
continuous variables and Spearman’s
correlation test to ordinary variables
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5 Results

5.1 Psychometric properties of 12-item self-
administered WHO Disability Schedule 2.0
(Study I)

At the time of publishing the Study I, 501 consecutive patients with chronic
musculoskeletal pain represented 67% of all the available responses. The patients were
referred to an outpatient PRM clinic in 2014-2015 by their physicians (specialists or
general practitioners) (Table 8). They responded to a survey usually within three days
before an actual visit to a clinic. The mean age was 47 (14) years and 65% were women.
Most of the respondents were normally weight with median BMI 26.5 kg/m% Most of
the participants were experiencing only mild restrictions of functioning according to the
WHODAS 2.0 low median estimate of 11 (IQR 6 to 18, range 0 to 43) points.

Of 12 possible factors, two factors were considered to have eigenvalues high
enough to be retained. It has to be noted that one of these two factors had an
eigenvalue far higher than another one —5.15 vs. 1.04 (Table 10 and Figure 3). In
total, these two factors accounted for 97% of the variation (Table 11).

The factor with higher eigenvalue was connected to all 12 items of the
WHODAS 2.0 with loadings (correlation coefficients) varying between 0.55 and
0.77. In turn, another factor was relatively loosely (loadings over 0.40) associated
with three items: “washing”, “dressing”, and “dealing with people you do not know”.
It should be pointed at the surprising observation that that second factor was
correlated with “dealing with people you do not know” even negatively.

Due to such a wide gap between the eigenvalues of two retained factors, the
WHODAS 2.0 composite score was considered to be that close to unidimensionality that
the IRT analysis could be applied. However, to confirm this assumption, a sensitivity
analysis was applied running the IRT without items S8-S10. The results were similar
with the results obtained from the IRT analysis including all 12 items. The IRT analysis
among 489 responses achieved a good fit after five iterations pointing to a sufficient
sample size. The discrimination ability of all the items was high or perfect, all being
statistically significant and all demonstrating narrow 95% Cls (Table 12 and 13).

The difficulty levels of seven items — #S3 Learning a new task, #S4 Joining in
community activities, #S6 Concentrating, #S7 Walking long distances, #S8 Washing,
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#S10 Dealing with people you do not know, #S11 Maintaining a friendship — were
shifted towards the elevated disability level (compared with the average disability level
in the studied population) (Table 13). In other words, these items better describe people
with higher levels of restrictions compared to those with only mild restrictions or without
them at all. This also was true for the composite score when evaluating a test
characteristic curve and a test information function curve (Figures 4 and 5).

Eigenvalues
2

1 2 3 4 5 6 7 8 9 10 11 12
Number

Figure 3. Scree plot of exploratory factor analysis of WHODAS 2.0. From Original Publication I.

Table 10. Exploratory factor analysis of 12-item WHODAS 2.0. Modified from Original Publication I.

Factor Eigenvalue Difference Proportion Cumulative
Factor 1 5.15 4.11 0.81 0.81
Factor 2 1.04 0.42 0.16 0.97
Factor 3 0.63 0.34 0.10 1.07
Factor 4 0.29 0.21 0.05 1.11
Factor 5 0.07 0.11 0.01 1.12
Factor 6 -0.04 0.01 -0.01 1.12
Factor 7 -0.05 0.01 -0.01 1.11
Factor 8 -0.06 0.05 -0.01 1.10
Factor 9 -0.11 0.03 -0.02 1.08
Factor 10 -0.13 0.06 -0.02 1.06
Factor 11 -0.19 0.03 -0.03 1.03
Factor 12 -0.21 0.00 -0.03 1.00
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Table 11. Factor loadings (pattern matrix) and unique variances of two retained factors. Modified

from Original Publication I.

WHODAS 2.0 item Retained Retained Unique
factor 1 factor 2 variance
S1 Standing for long periods 0.63 0.10 0.60
S2 Household responsibilities 0.75 0.28 0.36
S3 Learning a new task 0.55 -0.32 0.59
S4 Joining in community activities 0.77 -0.12 0.39
S5 Emotionally affected by health problems 0.66 -0.14 0.54
S6 Concentrating 0.64 -0.23 0.54
S7 Walking long distances 0.65 0.12 0.56
S8 Washing 0.64 0.44 0.40
S9 Dressing 0.55 0.49 0.46
S10 Dealing with people you do not know 0.59 -0.44 0.46
S11 Maintaining a friendship 0.70 0.32 0.40
S12 Day-to-day work 0.66 -0.13 0.55

Table 12. Discrimination ability of WHODAS 2.0 questionnaire items. Modified from Original

Publication I.
WHODAS 2.0 item Discrimination Lower Upper
95% CI 95% CI
S1 Standing for long periods 1472 1.20 1.73
S2 Household responsibilities 2.282 1.92 2.65
S3 Learning a new task 1.792 1.37 2.21
S4 Joining in community activities 2.822 2.32 3.32
S5 Emotionally affected by health problems 1.852 1.55 2.16
S6 Concentrating 2.022 1.65 2.40
S7 Walking long distances 1.512 1.24 1.79
S8 Washing 1.59° 1.28 1.90
S9 Dressing 1.222 0.97 1.47
S10 Dealing with people you do not know 2.262 1.72 2.80
S11 Maintaining a friendship 2.45°2 1.98 2.93
S12 Day-to-day work 1.812 1.51 2.1

ap value <0.0001
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Table 13. Difficulty of WHODAS 2.0 questionnaire items. Modified from Original Publication I.

95% ClI 95% ClI

Lower Upper Lower Upper

Item Response Disability Limit Limit Item Response Disability Limit Limit
S1 21 -0.69 -089 -049 S7 21 -0.31 -0.48 -0.13
22 -0.06 -0.22 0.1 22 0.52 0.34 0.69

23 0.74 0.54 093 >3 1.02 0.81 1.24

4 1.78 1.46 21 4 1.8 149 212

S2 21 -0.98 -1.15 -0.8 S8 21 0.18 0.02 0.34
22 0.05 -0.08 0.19 22 1.11 0.89 1.33

>3 1.01 0.83 1.18 >3 2.1 1.74 2.46

4 2.03 174 232 4 3.06 248 3.63

S3 21 1.02 0.81 123 S9 21 -0.24 -0.43 -0.04
22 1.59 1.3 1.88 22 1.24 0.97 1.52

23 2.18 1.77 259 >3 24 193 287

4 3.41 263 419 4 4.32 329 535

S4 =1 0.01 -0.11 0.14 S10 =1 1.1 0.91 1.29
22 0.66 0.52 0.8 22 1.59 1.33 1.85

=3 1.13 0.96 1.3 =3 1.92 1.61 2.24

4 1.76 1.52 1.99 4 2.77 226 3.28

S5 21 -1.3 -1.53 -1.08 S11 21 0.42 029 0.56
22 -0.21 -0.36 -0.06 22 1.07 0.89 1.25

=3 0.75 0.57 0.92 =3 1.66 1.41 1.9

4 2.63 22 3.05 4 2.51 212 291

S6 =1 0.3 0.16 045 S12 =1 -1.3 -1.53 -1.07
22 1.02 0.83 1.21 =2 -0.3 -046 -0.14

=3 1.87 158 2.15 =3 0.57 04 0.73

4 2.8 2.32 3.28 4 1.26 1.04 1.48

Cl: confidence interval; WHODAS 2.0: World Health Organization Disability Assessment Schedule.
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Figure 4. Test characteristic curve for 12-item WHODAS 2.0. From Original Publication |I.
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Information
Standard Error

Disability level

Test information ———-—- Standard error

Figure 5. Test information function curve for 12-item WHODAS 2.0. From Original Publication I.

5.2 Psychometric properties of Oswestry Disability
Index (Study II)

Of 1,774 people, who had visited a clinic, 1,246 responded to a survey (response rate
70%). Of them, 837 filled out the ODI. The majority of the respondents had some
diagnosis of LBP or comparable as a primary diagnosis (Table 7). The mean age was
48 (15) and 66% were women. Most of the respondents valued their functional
restrictions caused by LBP as moderate, the ODI median score being 32% (IQR 22—
44%). Also, most of the respondents were experiencing severe pain — median usual
pain scored 7 (IQR: 5-8) points, whereas the worst pain scored 9 (IQR: 8-9) points.

The internal consistency of the ODI was good with Cronbach’s a of 0.85 (lower
95%CI 0.84). The EFA analysis resulted in a unidimensional factor structure. Even
if there seemed to be three factors above the parallel analysis line, two factors had
very small eigenvalues of 0.2 and 0.1 and they were very close to the parallel analysis
line (Figure 6 and Table 14).

This unidimensional factor structure was used as a base for the CFA, which was
conducted among 523 respondents after deleting records with any missing ODI item
response. To achieve a good model fit (RMSEA significance level < 0.05),
covariance between the ‘sitting’ and ‘traveling’ items was added. After that, the
relative % value was 2.3 (df. 34) being close enough to the cutoff point of 2.0, and
the model was accepted (Figure 8). The estimates related to the goodness of model
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fit are shown in Table 15. The standardized regression weights were relatively high
for all 10 items, varying from 0.5 (“sex life”) to 0.7 (“social life”) (Figure 8).

Only five iterations were needed to achieve the acceptable IRT model (n = 837),
which was pointing to the sufficient sample size for such an analysis. For eight items
#1, #3-#7, #9, and #10, the estimates of item difficulty presented an ideal situation —
centrally placed responses of two or three points were associated with average level
of disability in the studied population (Table 16). In other words, these eight items
were well able to measure the entire spectrum of disability severity. In turn, it seemed
that items #2 and #8 might underestimate the severity of disability. For these two
items, considerably more severe disability was needed to choose centrally located
responses of two or three points. The discrimination abilities of seven items — “Pain”,
“Personal care”, “Lifting”, “Walking”, “Standing”, “Social life” and “Travelling” —
were high or perfect, all being statistically significant with narrow 95% Cls (Table
17). Three items, #5 “Sitting”, #7 “Sleeping”, and #8 “Sex life”, demonstrated a
moderate strength of discrimination ability. Both the test characteristic curve and the
test information function curve of the composite ODI score were slightly shifted
toward higher levels of disability (Figure 9 and Figure 10).

Eigenvalues

Factor

—#—— Factor Analysis ———-- Parallel Analysis

Figure 6. Exploratory factor analysis of Oswestry Disability Index. From Original Publication II.
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Table 14. Factor loadings (pattern matrix) and unique variances for exploratory factor analysis of
Oswestry Disability Index. Modified from Original Publication II.

ODI items Loading Unique variance
Item 1: Pain intensity 0.58 0.66
Iltem 2: Personal care 0.64 0.59
Item 3: Lifting 0.68 0.54
ltem 4: Walking 0.63 0.61
ltem 5: Sitting 0.60 0.64
ltem 6: Standing 0.66 0.57
ltem 7: Sleeping 0.57 0.68
ltem 8: Sex life 0.52 0.73
Iltem 9: Social life 0.70 0.51
Iltem 10: Traveling 0.71 0.50
Pain
intensity
.58
Personal
/65 care
Lifting
69
Walking
64
57 Sitting e
66
Standing
.56
Sleeping
52
25 Figure 8. Confirmatory
factor analysis of
: Sex Yy
i life Oswestry Disability Index.
Round shapes e1-e10
represent possible
Social measurement errors.
life One-headed arrows
69 represent correlations,
whereas the two-headed
. arrow represents
Travelling covariance. From Original
Publication II.
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Table 15. Testing goodness of model fit. Modified from Original Publication II.

Methods Value

Standardized root mean square residual (SRMR) 0.32
Bentler-Bonett normed fit index (NFI) 0.96
Bollen's relative fit index (RFI) 0.94
Bollen’s incremental fit index (IF1) 0.98

Tucker-Lewis coefficient (TLI) 0.97
Bentler's comparative fit index (CFl) 0.97
Parsimony ratio (PRATIO) 0.76
Parsimony adjustment to the NFI (PNFI) 0.72
Parsimony adjustment to the CFI (PCFI) 0.74
Akaike information criterion (AIC) 139.4
Browne—Cudeck criterion (BCC) 140.7
Hoelter's ‘critical N’ for a significance level of.05 328

(HOELTER.05)
Hoelter's ‘critical N’ for a significance level of.01 379
(HOELTER.O1)

Methods Value 90% confidence interval
Noncentrality parameter (NCP) 43.4 216 72.9
Minimum value of the discrepancy 0.15 0.04 0.14

(FMIN)
Root mean square error of 0.049 0.035 0.064
approximation (RMSEA)
Except for a constant scale factor 0.27 0.23 0.32
(ECVI)
Method Value d.f. P-value  CMIN/d.f.
Minimized value of the discrepancy 774 34 <0.0001 23

function (CMIN)
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Table 16. Difficulty of Oswestry Disability Index items. Modified from Original Publication II.

95% ClI 95% ClI

Lower Upper Lower Upper

Item Response Difficulty limit limit Item Response Difficulty Limit Limit
1 21 -2.81 -3.21 -2.41 6 21 -1.6 -1.81 -1.4
22 -1.1 -1.29 -0.92 =2 -0.3 -0.42 -0.17
>3 0.59 0.44 0.74 >3 0.29 0.17 0.42
24 1.85 1.59 2.11 24 1.42 1.23 1.61
5 3.65 3.07 4.23 5 3.52 2.98 4.06
2 21 -0.58 -0.72 -0.45 7 =1 =2.77 -3.2 -2.34
22 1.17 1.0 1.35 22 0.38 0.22 0.53
23 25 2.18 2.82 =3 1.6 1.34 1.85
24 343 2.89 3.97 24 3.09 2.61 3.57
5 4.81 3.51 6.1 5 4.2 3.45 4.96
3 1 -2.06 -2.3 -1.81 8 =1 0.43 0.24 0.63
22 -0.7 -0.84 -0.57 2 1.57 1.22 1.91
>3 -0.04 -0.16 0.08 >3 1.77 14 2.14
24 1.05 0.89 1.2 24 2.62 2.09 3.15
5 2.56 2.25 2.88 5 3.93 3.07 4.78
4 21 -0.37 -0.5 -0.24 9 21 -0.68 -0.81 -0.55
22 0.97 0.82 1.12 =2 -0.47 -0.59 -0.45
>3 1.982 1.73 2.22 >3 0.18 0.07 0.29
24 2.72 2.37 3.08 24 1.44 1.26 1.62

5 4.29 3.36 5.21 5 345 2.91 4.0
5 1 -2.23 -2.55 -1.92 10 =1 -1.53 -1.72 -1.35
22 -0.84 -1.01 -0.68 22 -0.22 -0.33 -0.11
=3 0.82 0.65 0.98 =3 1.12 0.97 1.27
24 242 2.09 2.76 >4 1.98 1.76 2.21
5 4.66 3.73 5.59 5 2.76 2.42 3.1

*P = 0.484, all others P<0.0001

Table 17. Discrimination ability of Oswestry Disability Index (n = 837). Modified from Original
Publication II.

Oswestry Disability Discrimination  Standard 95% ClI

Index items coefficient error Z-score ? Lower limit Upper limit

1: Pain intensity 1.35 0.1 13.48 1.16 1.55

2: Personal care 1.66 0.12 13.64 1.42 1.9

3: Lifting 1.73 0.11 15.11 1.51 1.96

4: Walking 1.73 0.13 13.82 1.48 1.97

5: Sitting 1.32 0.1 13.47 1.12 1.51

6: Standing 1.68 0.11 14.77 1.46 1.91

7: Sleeping 1.18 0.1 12.13 0.99 1.37

8: Sex life 1.08 0.12 9.11 0.84 1.31

9: Social life 2.01 0.14 14.45 1.74 2.28

10: Traveling 2.00 0.13 14.99 1.74 2.26

aAll p<0.0001
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Figure 9. Test characteristics curve of Oswestry Disability Index. From Original Publication II.
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Figure 10. Test information function curve of Oswestry Disability Index. From Original Publication
Il
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5.3 Correlation between pain numeric rating scale
and 12-item self-administered WHO Disability
Assessment Schedule 2.0 (Study IlI)

The initial sample for this study was the same as in the Study II. After excluding
those with missing responses to a pain NRS or the WHODAS 2.0, the analyses were
conducted among 1,207 respondents. The average age was 47 (15) years and 66%
were women. Most of the respondents had only mild of functional restrictions as
measured by the median WHODAS 2.0 score of 25% (IQR: 13—40%). The overall
level of pain was, however, at least moderate for the majority of the respondents —
usual pain severity perceived was 7 (IQR: 5-8) points, whereas the worst pain
severity scored 8 (IQR: 7-9) points.

All WHODAS 2.0 items were statistically significantly correlated pain severity.
However, the associations were mainly weak, except for moderate correlations
between pain severity and the WHODAS 2.0 items “S2 household responsibilities”,
“S8 washing”, “S9 dressing”, and “S12 day-to-day work™ (Table 18). Also, the
composite score of the WHODAS 2.0 demonstrated a moderate association of 0.40
with both usual and the worst pain severity. As a sensitivity test, the correlation
between the composite score of WHODAS 2.0 and pain severity was checked also
by using a Pearson’s product-moment correlation, yielding figures that were similar
to Spearman’s correlation coefficients (Figure 11 and Table 19).
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Table 18. Spearman's rank correlation between WHODAS 2.0 items and average and worst pain experienced during the last month measured on a

numeric rating scale of 0 to 10 (n=1 158). Modified from Original Publication IlI.

Average pain

Worst pain

95% confidence interval

95% confidence interval

WHODAS 2.0 items Correlation Lower limit  Upper limit Correlation Lower limit Upper limit
S1 Standing for long periods 0.28 0.23 0.33 0.24 0.18 0.29
S2 Household responsibilities 0.36 0.31 0.41 0.38 0.33 0.43
S3 Learning a new task 0.17 0.1 0.22 0.14 0.08 0.19
S4 Joining in community activities 0.29 0.23 0.34 0.29 0.24 0.34
S5 Emotionally affected by health problems 0.24 0.19 0.30 0.25 0.20 0.31
S6 Concentrating 0.24 0.18 0.29 0.25 0.19 0.30
S7 Walking a long distance 0.28 0.22 0.33 0.24 0.18 0.29
S8 Washing 0.33 0.27 0.37 0.34 0.29 0.39
S9 Dressing 0.30 0.25 0.35 0.36 0.31 0.41
S10 Dealing with people you do not know 0.14 0.08 0.20 0122 0.06 0.17
S11 Maintaining a friendship 0.18 0.13 0.24 0.23 0.18 0.28
S12 Day-to-day work 0.25 0.20 0.31 0.32 0.27 0.37
Total score 0.41 0.36 0.45 0.42 0.37 0.46

2 p=0.0001, all other p values <0.0001

punjieg es3



Results

Average pain Worst pain

S2
S1

S6

S5

S12
S12

Figure 11. Radar chart showing correlations between pain severity measured on a numeric rating
scale and functioning limitations measured by 12 items of the WHO Disability Assessment
Schedule (WHODAS) 2.0. WHODAS 2.0 items representing ‘physical’ domain of
functioning. From Original Publication IlI.
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Table 19. Spearman'’s correlations between WHODAS 2.0 items (n = 1207). Modified from Original Publication IlI.

2 2 = 5 & % £ S8 £ 895 &
# & £ £ § ® § E3Eg gozs B

WHODAS 2.0 items » 82 5 8 8 » @ 38E8E 83w R n&

S1 Standing 1.00

S2 Household 047 1.00

S7 Walking 0.61 042 1.00

S8 Washing 030 052 034 1.00

S9 Dressing 029 047 027 075 1.00

S12 Work 0.30 0.51 030 041 0.37 1.00

S3 Learning 027 029 025 0.21 0.16 0.18 ! 1.00

S4 Community activities 044 054 043 038 0.31 043 | 045 1.00

S5 Emotional affectedness 032 049 0.31 035 029 041 ! 035 052 1.00

S6 Concentrating 0.33 0.41 0.31 035 027 038 { 042 047 050 1.00

S10 Dealing with people you do not know 0.22 0.29 0.22 0.25 0.19 025 | 049 049 036 043 1.00

S11 Friendship 027 041 0.32  0.31 024 038 ! 042 057 054 046 0.58 1.00

Area within dash line borders represents correlations between items belonging to “physical” and “psychological” domains of WHODAS 2.0.
In this area, strong correlations >0.40 are shown in bold.

p<0.0001 for all correlations in the table.
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5.4 Correlation between Oswestlal Disability Index
and 12-item self-administered WHO Disability
Assessment Schedule 2.0 (Study V)

The sample was formed of those 1,379 people, who responded to both the ODI and
the WHODAS 2.0. Their mean age was 48 (SD 15) years and 64% were women.
The respondents were slightly overweight with BMI of 29.4 (76.4) kg/m? The
severity of usual pain was moderate 6.4 (1.9) points, while the worst pain severity
was a little worse with 8.2 (1.6) points. On average, the respondents were
experiencing moderate restrictions of functioning as measured by the ODI — 34%
(16%). A similar situation was observed when measuring functional restriction using
the WHODAS 2.0 — the severity of restrictions was moderate 14.4 (SD 9.4) points.
Of all the possible 143 correlations, 46 (32%) were strong and nine (6%) were very
strong (Table 20). All the correlation coefficients were positive and significant, with
P values of <0.0001. Of the ODI items, items #9 “Social life” and #10 “Travelling”
correlated with the individual items of the WHODAS 2.0 especially well. Also, clear
positive association between the composite scores of two scales was observed.

Table 20. Spearman’s rank correlations between 12-item WHO Disability Assessment Schedule
2.0 and Oswestry disability index. Modified from Original Publication V.

oDl WHODAS 2.0 items
items 1 2 3 4 5 6 7 8 9 10 11 12 Total
1 o 038 040 0.15 033 030 023 035 033 030 0.16 0.23 0.36 0.43
n 1300 1298 1265 1288 1287 1287 1296 1313 1313 1300 1302 1204 1341
2 P 038 048 021 040 030 026 039 0.60 0.64 0.17 025 0.37 0.54
n 1300 1298 1266 1288 1285 1284 1294 1314 1314 1300 1302 1204 1341
3 p 043 050 022 [ 041 028 025 045 041 038 0.18 0.26 047 0.52
n_ 1304 1300 1269 1292 1289 1288 1296 1316 1317 1303 1305 1208 1344
4 pl 054 045 023 1042 024 024 POWZN 040 034 019 0.25 0.38 0.56
n 1274 1271 1242 1263 1257 1257 1268 1285 1284 1275 1276 1177 1308
5 p 030 031 0.16 030 027 027 024 033 032 010 0.20 037 0.38
n 1286 1282 1252 1274 1269 1270 1278 1298 1298 1286 1288 1190 1324
6 P 046 021 040 026 029 051 036 031 016 0.25 0.38  0.55
n_ 1284 1278 1246 1269 1266 1267 1274 1294 1294 1281 1284 1188 1318
7 P 030 033 0.18 031 025 021 028 030 030 0.18 0.22 0.30 0.37
n 1280 1278 1248 1270 1268 1265 1273 1295 1295 1282 1284 1189 1321
g P 030 037 016 037 032 030 034 042 037 017 028 0.36 0.46
n 1003 998 986 1001 994 996 996 1011 1009 1004 1005 944 1028
9 P 044 055 031 056 044 038 050 045 040 031 048 048 0.63
n_ 1268 1266 1233 1258 1256 1257 1261 1281 1281 1270 1271 1180 1306
10 P 045 047 023 1046 031 033 044 042 041 022 0.29 0.49 0.54
n 1264 1259 1232 1254 1254 1249 1256 1276 1276 1266 1268 1174 1300
Total P 0.62 062 029 058 042 040 061 0.57 052 025 0.39 0.56
n 1333 1330 1297 1319 1319 1318 1327 1348 1349 1335 1337 1236 1379

All the P values are <0.0001. The strength of shading corresponds to the strength of the correlation.
WHODAS 2.0 items: S1 standing, S2 household responsibilities, S3 learning a new task, S4 joining in
community activities, S5 emotionally affected, S6 concentrating, S7 walking long distances, S8
washing whole body, S9 getting dressed, S10 dealing with people you do not know, S11 maintaining
friendships and S12 work/school activities. Oswestry disability index items: 1, pain intensity; 2,
personal care (washing, dressing etc.); 3, lifting; 4, walking; 5, sitting; 6, standing; 7, sleeping; 8, sex
life (if applicable); 9, social life; and 10 traveling. WHODAS, WHO Disability Assessment Schedule.
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§) Discussion

This thesis provides evidence on both construct and convergent validity for the 12-
item self-administered WHODAS 2.0 among patients with LBP. Six out of seven
priori-set hypotheses were confirmed. One of the major strengths of this study was
large sample size, which was able to provide strong enough power for the statistical
analysis methods that were used, particularly in the factor analyses and IRT models.

6.1 Psychometric properties of the World Health
Organization Disability Assessment Schedule 2.0

The main results of first study were that the 12-item self-administered WHODAS
2.0 had good psychometric properties in the studied population.

The results did not support the conclusions regarding unidimensionality for the
measure as have previously been described (Schiavolin et al., 2014; Kimber et al.,
2015), but they did support the findings of multidimensionality observed by other
researchers (Luciano et al., 2010; Sousa et al., 2010; Saltychev et al., 2021). These
differences may be explained by the differences in the samples of the studies —
disease-specific cohorts vs. more general cohorts; acute vs. chronic LBP; different
gender and age distributions and different versions of the WHODAS 2.0 used in
relation to the types of administration (interview-administered vs. self-administered
vs. proxy-administered) and number of total items (12, 12+24, 36).

As noted in this thesis’ review of the literature (Table 2), 60% of the ICF categories
included in the original 36-item version were lost when a 12-item version was derived
of the original 36-item version. Among these were such items as d410, Changing basic
body positions; d430, Lifting and carrying objects; and d460, Moving around in
different locations. These categories all include normal activities of daily living i.e.,
bending, rolling while lying, lifting, carrying objects, and maintaining positions such
as sitting or standing. They are all included in the ICF’s core set for LBP. Cieza et al.
(2004) concluded that overall, the limitations and restrictions to activities and
participation may be most relevant to patients with LBP. Fatoye et al. (2019) also
found that some of the risk factors for LBP were lifting and bending.

The finding that the items of WHODAS 2.0 were able to discriminate between
respondents with a higher disability level and those with a lower disability level was
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in accordance with the results of previous studies (Buist-Bouwman et al., 2008;
Hudson et al., 2008; Luciano et al., 2010; Schiavolin et al., 2014).

The novel finding was that the 12-item self-administered WHODAS 2.0 was
more sensitive in discriminating between disability levels at the higher end of
disability continuum (“much more” vs. “more” than average) disability than between
“more” and “less” than average disability.

6.2 Psychometric properties of the Oswestry
Disability Index

The second study found the ODI being internally consistent and unidimensional
scale. It also showed good construct validity and the ability to differentiate between
the severity of functional disability.

This result concurs with findings of previous studies (Lauridsen et al., 2006; Valasek
et al., 2013; Sheahan et al.,, 2015; van Hooff et al., 2015), and contradicts the
multidimensionality described by others (Osthus et al., 2006; Payares et al., 2011;
Pekkanen et al., 2011; Algarni et al., 2014; Lee et al., 2017). The differences may be
explained by the differences in sample sizes—all the mentioned research sample sizes
varied between 96 and 244 participants, which might be too limited for stable estimates in
factor analyses. For the ODI, that a sample size of 500—1,000 has been suggested to ensure
a reliable factor analysis. Previously, the unidimensionality of ODI was confirmed by a
large sample size of 35,264 respondents with LBP (Gabel et al., 2017). Some previous
studies have reported weaknesses in the ODI’s psychometric properties (Chow et al., 2005;
Davidson, 2008; Dawson et al., 2010; Lochhead et al., 2013; Algami et al., 2014), which
could possibly be explained by their limited sample sizes (79 to 214 participants).

The good reliability of ODI found in this study has been supported by a similar
sample size in the study by Brodke et al. (2017) with exception of weaker evidence
of unidimensionality. The differences could be related to the use of different
statistical methods i.e., Rasch analysis vs. IRT. This study supported the ODI’s good
psychometric properties among Finnish chronic LBP in terms of internal
consistency, unidimensionality, excellent construct validity and an ability to
differentiate the severity of functional disability.

6.3 Correlation between pain numerical ratings
scale and the World Health Organization
Disability Assessment Schedule 2.0

The results of the third study supported a weak to moderate positive association
between pain severity measured by an NRS and limitations of functioning measured
by WHODAS 2.0.
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Likewise, some previous studies have reported a weak or moderate correlation
between pain severity and WHODAS 2.0 (Baron et al., 2008; Garin et al., 2010;
Silva et al., 2013)

Contrary to the findings of this study, van Tubergen et al. (2003) reported a
strong positive correlation between an NRS and the WHODAS 2.0 among people
with ankylosing spondylitis. Several factors may explain this difference. Ankylosing
spondylitis is an inflammatory disease, while a correlation between pain and
functioning may be stronger which provokes the pain, as opposed to this study’s
patients, who had non-inflammatory chronic musculoskeletal pain. Secondly, some
evidence suggests that the correlation between pain and functioning may be stronger
in longitudinal studies than in cross-sectional studies (McGorry et al., 2011).

6.4 Correlation between the Oswestry Disability
Index and the World Health Organization
Disability Assessment Schedule 2.0

The study observed a strong positive association between one-third of the WHODAS
2.0 items and the ODI. The association were stronger among items defining physical
rather than social or psychological functioning. Only a few studies have focused on
the comparison between the WHODAS 2.0 and the ODI. The findings agreed with
the results of Cwirlej-Sozanska et al. (2020a), who observed a strong association
between all the domains of the 36-item interviewer-administered WHODAS 2.0 and
the ODI. An association has been detected between the WHODAS 2.0 and the
RMDAQ, a scale close to the ODI (Igwesi-Chidobe et al., 2020). The generalization
of the study (Barlund et al., 2021) findings may be affected by several factors. CLBP
as diagnosis was not specifically addressed but LBP, women were mainly presented
in age group around 50 years and WHODAS 2.0 and ODI having some similar items
possibly affecting psychometrics of responses. Also, some of the correlations may
not have any real-life importance, e.g., correlation between WHODAS 2.0 item #S6
‘Concentrating on doing something for 10 min’ and ODI’s item #10 ‘Travelling’.
Regardless of these addressed weaknesses, this study was the first with large enough
sample size for proper statistical significance levels in correlations.

While being an LBP-specific scale, the ODI describes solely the impact of pain
on physical functioning and participation, it misses psychological aspect. One out of
then items describes the effect of pain on participation, i.e., #9 ‘Social life’.
WHODAS 2.0, on the contrary, describes more psychological and social aspects of
functioning with total of eight items out of twelve. More common restrictions in
activities of daily living in LPB, like difficulties in sitting, sleeping, lifting, and
travelling, are left undefined. Similarly, the WHODAS 2.0 fails to address pain
intensity.
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Based on the evidence presented previously, it is suggested that the WHODAS
2.0 and the ODI may supplement combined, at the same time expanding the view to
functioning.

6.5 Evidence from systematic review of using
12-item self-administered WHO Disability
Assessment Schedule 2.0 among general
population and people with non-acute physical
causes of disability

The results of the fifth study showed evidence of a substantial floor effect in the 12-
item WHODAS 2.0, which may limit the use of the measure as a screening tool in a
general population with mild severity. Evidently, the measure produces reliable
repeated measurements, and over time this encourages the screening of functioning.
Multidimensionality, as opposed to unidimensionality, affects the use of the total
score as a comparison, and is not recommended in this population.

The findings were in accordance with the only similar study previously
conducted by Federici et al. (2017). A floor effect was found in some populations,
strong correlations with some activity limitation measures, and moderate to strong
correlations with disease-specific measures of various conditions including back
pain. This review’s findings of good concurrent validity were supported.

Contrary to the multidimensionality found in this review, Federici et al. (2017)
emphasized the unidimensional nature of the measure. These differences may be
explained by the reviews’ different views of measuring selection: This review merely
narrowed the search down to a 12-item self-administered version, whereas the other
review chose all the different versions of WHODAS 2.0 (36, 12, 12-24; interview-
administered, self-administered and proxy-administered), including the children’s
version. The majority of the papers included in this review were published after the
review by Federici et al. (2017), and this may also have influenced the conclusions.

As a novel finding, this review underlined the evidence supporting the
multidimensionality of the 12-item self-administered WHODAS 2.0, the use of the
scores of individual items instead of a total score, and the possible presentation of
the score as a profile.

6.6 Summary of confirmation of a priori set
hypotheses for validation of 12-item self-
administered WHODAS 2.0

It has been suggested that in the assessment of the construct validity of a measure,
the results should support a minimum of 75% of an a priori set hypothesis (Terwee
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et al., 2007; Prinsen et al., 2016). In this thesis, 85% of priori-set hypotheses were
supported by the combined results of this thesis. Only one priori-set hypothesis was
not supported evidence from this study. The association between pain severity
measured by using an NRS was expected to be positively and moderately or strongly
correlated with WHODAS, evidence showed weak to moderate correlations.

Overall, the good and adequate construct and convergent validity of the Finnish
version of thel2-item self-administered WHODAS 2.0 in this population was

supported (Table 21).

Table 21. Summary of hypotheses confirmations.

Originally set a priori hypotheses

Results supporting hypotheses

1. The 12-item self-administered WHODAS
2.0 is an internally consistent a
unidimensional identifying only a single
underlying latent trait, a “general disability
factor”, in people with chronic
musculoskeletal pain. (Study I)

2. The 12-item self-administered WHODAS 2.0
is able to distinguish different levels of
functioning among people with chronic
musculoskeletal. (Study I).

3. The ODI is an internally consistent and
unidimensional scale identifying only a single
underlying latent trait, a “general factor” in
people with LBP. (Study II)

4. The ODI is able to distinguish different levels
of functioning among people with LBP.
(Study II)

5. Pain severity measured by using an NRS is
positively and moderately or strongly
associated with the 12-tem self-
administered WHODAS 2.0. (Study IlI)

6. The available evidence of the systematic
review supports the use of the 12-item self-
administered among the general population
and among people with non-acute physical
causes of LBP. (Study 1V)

7. The 12-item self-administered WHODAS 2.0
is positively and moderately or strongly
associated with the ODI in people with LBP.
(Study V)

« Results support the hypothesis.
Although some slight uncertainty of
unidimensionality, one-dimensionality, one
single latent trait, was agreed. Further research
was encouraged.

« Results support the hypothesis. The
ability to distinguish all the items was shown to
be high or perfect under all the different
response options and among people with both
less and greater disability.

« Results support the hypothesis. The ODI
is an internally consistent, unidimensional scale
with overall excellent construct validity.

« Results support the hypothesis. Among
LBP, the ODI was found capable to discriminate
the severity of functional disability, better with
above-average disability levels.

& Results do not support the hypothesis.
The association between pain severity
measured by using an NRS with 12-item self-
administered WHODAS 2.0 was found to be
weak to moderate.

« Results support the hypothesis. The 12-
item WHODAS 2.0 was found to be internally
consistent and reliable scale, good correlation
with other disability measures was supported
too.

« Results support the hypothesis. Positive
and moderate or strong correlations were
identified. Evidence supports using both
measures together in gathering information from
the functioning of people with CLBP
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6.7 Limitations of the studies

As the original studies were closely related to the original sample of a cross-sectional
cohort of physician-selected patients, selection bias may have occurred, although it
was not observed. Furthermore, no information could be attained on the possible
changes in the scores over time. The samples in the original studies were somewhat
over-represented by female participants and limited to certain age groups. These
factors may both affect the generalization of the results.

The ODI’s low response rates may increase selection bias and negatively impact
generalization. In addition, the patients entering the PMR clinic were all
experiencing longer, more chronic periods of musculoskeletal pain. As such, these
samples lacked patients with acute or subacute pain experiences. This imbalance
may also affect the generalization of the results.

Also, it is important to understand that 1988 patients, who answered to
questionnaire in this cohort cross-sectional study, were rather heterogeneous study
population. Exact confirmation of those patient who were acute instead of being
chronic was missing,. It is possible that large total sample sizes alleviates this problem.
In addition, the specific Physical and Rehabilitation Medicine Clinic did not have a
24/7 clinic for acute patients. Often in Finland, for patients to get an appointment with
the University hospital specialist takes several months time. In this case, 1-2 months.

One obvious limitation was that the original planning and collection of data for
this cohort started before the official Finnish translation of WHODAS 2.0 was
finalized. On some of the difficulty levels, the Finnish terminology varied in the
different versions. This semantic misalignment may have influenced how
respondents understood and answered some of the levels. It may also have affected
the interpretation of the final results.

In the systematic review, the research papers included in the final level were rather
heterogeneous and were also limited by small sample sizes. In addition, there was a
shortage of relevant papers from the same patient group, and the joint sample sizes
remained small. This limited any comprehensive analysis and conclusions. In the review,
uncertainty regarding the methodological quality of the included papers meant it was not
possible to generalize any of the results. This uncertainty about psychometrics due to the
lack of methodological quality was a disturbing finding and is supported by the
systematic review by Chiarotto et al. (2019) of the measuring properties of the VAS,
NRSs and the Pain Severity Subscale of the Brief Pain Inventory for LBP.

Although today, self-reporting of outcome measures is highly recommended and
have their strengths, PROMs have some possible limitations (Fowler, 2009; Cella et
al., 2015). In patient-reported outcomes, the obvious strength is that the respondent
provides an expert opinion, as it based on their personal experience. Moreover, as no
interviewer is involved, the sensitive data collected may be more valid (Fowler,
2009). Difficulties in cognition and communication skills, and possible defects
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related to age or developmental level may affect the reliability of responses. In some
cases, good reading and writing skills play a role (Cella et al., 2015). This type of
response is one of the most cost-effective ways of reporting, as it also encourages
respondents to answer at their own pace. Nonetheless, the downside to self-reporting
is that in the event of problems, no assistive questions can be provided, and the
likelihood of missing data increases. Moreover, the questionnaires need to be simple
enough to suit the level of all the respondents. Methods of administration may also
vary. A paper-and-pencil method may create errors in the data entry, and scoring is
often more time consuming. The setting of the data collection can also make a
difference. The clinical setting may increase respondents’ anxiety, and possible
interruptions may lead to missing data. Although answering at home may increase
overall patient safety and data security, and lead to more accessible responses, the
real respondent cannot be controlled (Fowler, 2009). Also, some evidence
(Rasmussen et al., 2018) state that there may be a recall bias among LBP individuals,
high variability in retrospective measurements of LBP.

Finally, in convergent evidence studies, the instruments being tested directly
should be maximally different. The instruments in this thesis make defining the
meaning of “maximally different” difficult. It has been suggested that a self-report
scale versus an observer-report scale could solve this. It is possible that the different
measurements used in this thesis, although all self-report versions, met the
requirement to be maximally different, partly also because they did not share one
and the same conceptual framework (Streiner et al., 2015).

6.8 Practical implications and suggestions for
further research

The findings of the construct validation supported the hypotheses in the described
patient sample.

The use of the 12-item self-administered WHODAS 2.0 is recommended, as it is
a fast, convenient, and practical tool for measuring disability. Due to the observed
multidimensionality of the measure, the use of WHODAS to create a profile of
functioning seems more appropriate than using a total sum score. The joint use of
the ODI, an NRS, and the WHODAS 2.0 among chronic LBP patients is
recommended as these tools do not completely substitute each other. Finally, a
considerable floor effect of the WHODAS 2.0 was observed.

Further investigation may include similar validation studies across the specific
subtypes of LBP (acute vs. subacute vs. chronic), different age groups and different
versions of the 12-item WHODAS 2.0 (interview-administered vs. self-administered
vs. proxy). The reason for the observed shift to higher difficulty levels in certain
items with higher disability levels could also be of great interest.
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V4 Conclusions

The internal consistency of WHODAS 2.0 was good. The EFA revealed two retained
factors, suggesting that the WHODAS 2.0 may be of better use to construct a profile
of functioning rather than to calculate a single total score. The ability to discriminate
among all the items was high or perfect with a shift towards higher levels of
disability. This means that the WHODAS 2.0 may perform better among patients
with more severe disability levels. The correlation between pain severity measured
by an NRS and functioning levels measured by WHODAS 2.0 was weak to
moderate, with slightly stronger associations in the physical domains of functioning.
In comparison to the ODI, items defining physical functioning demonstrated
stronger correlations than items defining social or psychological functioning. The
Finnish version of the 12-item WHODAS 2.0 is a valid tool for measuring
restrictions to activity and participation among patients with LBP.
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