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Abstract

Background: Chronic low back pain is a multidimensional syndrome affecting physical activity and function,
health-related quality of life and employment status. The aim of the study was to quantify the cross-sectional and
longitudinal validity of single measurement scales in specific construct domains and to examine how they combine
to build a comprehensive outcome, covering the complex construct of chronic low back pain before and after a
standardized interdisciplinary pain program.

Methods: This prospective cohort study assessed 177 patients using the Short Form 36 (SF-36), the
Multidimensional Pain Inventory (MPI), the Symptom Checklist-90-Revised (SCL-90-R), the Oswestry Disability Index
(ODI), and 2 functional performance tests, the Back Performance Scale (BPS) and the 6-Minute Walking Distance
(6BMWD). The comprehensiveness and overlap of the constructs used were quantified cross-sectionally and
longitudinally by bivariate correlations, exploratory factor analysis, and effect sizes.

Results: The mean age of the participants was 48.0 years (+/— 12.7); 59.3% were female. Correlations of baseline
scores ranged from r=—0.01 (BPS with MPI Life control) to r=10.76 (SF-36 Mental health with MPI Negative mood).
SF-36 Physical functioning correlated highest with the functional performance tests (r=0.58 BPS, 0.67 6MWD) and
ODI (0.56). Correlations of change scores (difference of follow-up — baseline score) were consistent but weaker.
Factor analysis revealed 2 factors: “psychosocial” and “pain & function” (totally explained variance 44.0-60.9%).
Psychosocial factors loaded strongest (up to 0.89 SCL-90-R) on the first factor, covering 2/3 of the explained
variance. Pain and function (ing) loaded more strongly on the second factor (up to 0.81 SF-36 Physical functioning
at follow-up). All scales showed improvements, with effect sizes ranging from 0.16-0.67.
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Conclusions: Our results confirm previous findings that the chronic low back pain syndrome is highly multifactorial
and comprises many more dimensions of health and quality of life than merely back-related functioning. A
comprehensive outcome measurement should include the predominant psychosocial domain and a broad
spectrum of measurement constructs in order to assess the full complexity of the chronic low back syndrome.
Convergence and divergence of the scales capture the overlapping contents and nuances within the constructs.

Keywords: Multidimensional assessment, Validity, Chronic low back pain, Measurement scales, Patient-reported
outcome measurements, Performance-based outcome measurements

Background

Low back pain is the leading cause of disability world-
wide; it is associated with disability including impair-
ments (e.g. loss of function), activity limitations, and
participation, e.g. in social activities and employment [1].
Between 1990 and 2013, low back pain was globally the
top cause of years lived with disability [1]. Although the
prognosis of unspecific low back pain is good, for some
patients the pain becomes persistent, reducing their
health-related quality of life (HRQoL), including their
physical, mental, emotional and social functioning [2, 3].
For persistent, chronic low back pain (CLBP), compre-
hensive treatment integrating biopsychosocial features is
recommended [4—6]. Therefore, not only disease-specific
but also the comprehensive measurement of pain and
pain-related psychosocial co-factors is needed.

The consensus statement of the VAPAIN (Validation
and Application of a patient-relevant core set of outcome
domains to assess multimodal PAIN therapy) expert
panel, which specifically addressed the interdisciplinary
multimodal pain treatment of chronic pain, recommended
that the measurement of psychosocial factors should not
be confined to anxiety and depression but include further
distressing emotions, and social participation [7]. Other
consensus statements advocate the combined use of
patient-reported outcome measurements (PROMs) and
performance-based measures (PBMs) to obtain comple-
mentary information [8, 9]. However, a systematic review
of the psychometric measurement properties of instru-
ments used to measure HRQoL in CLBP found that evi-
dence regarding PROMs and the instruments’ validity was
largely missing [10].

Validity is an instrument’s most important psychomet-
ric property: it proves whether the tool measures what it
is designed to measure [11]. In CLBP, there is some evi-
dence of fair to good validity when two to three instru-
ments are compared, as is the case in most validity
studies in specific measurement domains [12—-17]. The
combination of more than three instruments to capture
the multidimensionality of CLBP has not been tested to
date. In addition, we do not know how single validated
measurement scales work together and combine to build
a valid and comprehensive multidimensional assessment

of the complexity of CLBP. An expert panel concluded
that “composite outcome measures may move us closer
to important outcomes” but more data on their perform-
ance are needed in terms of reliability, validity (including
longitudinal responsiveness), and prognostic value [18].

The aim of the study was to quantify the cross-
sectional and longitudinal validity of single measurement
scales in specific construct domains and to examine how
they combine to build a comprehensive outcome, cover-
ing the complex construct of chronic low back pain be-
fore and after a standardized interdisciplinary pain
program. The study contributes to the knowledge of
construct overlap and of a composite assessment of the
complexity of the CLBP syndrome.

Methods

Patients

The patients in this study were recruited at the pain
center of the rehabilitation clinic “Rehaklinik” in Bad
Zurzach, Switzerland. All patients were referred to
the Zurzach Interdisciplinary Pain Program (ZISP) by
their family physician or rheumatologist. Between
November 2010 and May 2019, patients with chronic
non-specific low back pain who attended the ZISP for
the first time were asked to participate in the study.
Further inclusion criteria were age>18years and
persistent pain for >3 months at inclusion in the pro-
gram. Exclusion criteria were severe somatic or men-
tal conditions that prevented participation in the pain
program, insufficient German language skills (reading
and writing) for completion of the assessment tool,
second participation in the program, and refusal to
participate in the pain program or the study.

Before joining the ZISP and on the basis of their ad-
mission reports, potential participants had been con-
tacted by telephone to evaluate the inclusion and
exclusion criteria. Patients of whom the oral German
was insufficient to follow the group program (an exclu-
sion criterion of the ZISP) were admitted to a different,
individualized pain program in our clinic.

Written informed consent was obtained from all par-
ticipants. The study protocol was approved by the Local
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Ethics Commission (Health Department of Aarau,
Switzerland, EK AG 2008/026).

Intervention

The ZISP is a standardized inpatient pain management
program for the treatment of chronic musculoskeletal
pain disorders. The program is comprehensive and inter-
disciplinary, comprising active physiotherapy, aerobic
endurance training, Qigong/tai chi exercises, individual
psychotherapy, including cognitive behavioral therapy,
participation in a pain coping group, information and
education sessions on the pathophysiology of pain mech-
anisms and the management of chronic disabling pain,
relaxation therapy, humor therapy, horticultural therapy,
nursing care, and regular medical consultations, includ-
ing pharmacotherapy. The program is group based, lasts
4 weeks, comprises an average of 20 therapy sessions/
units per week and a total of over 100 h of therapy per
program. Details of the ZISP have been published else-
where [19, 20].

Measures

In the choice of the outcome instruments, tested and
documented validity was the most important selection
criterion. At the time of the initial project in the mid
1990s, evidence of validity was still thin on the ground
and further literature, especially on recommended core
sets, did not exist. After the first phase of the project,
the choice of measures was revised on the basis of the
results of the previous studies in our institution [19-22].
In particular, relative weak responsive scales were elimi-
nated [22].

Recommended core outcome domains for clinical tri-
als of patients with chronic pain in general, and the
complex biopsychosocial construct of CLBP specifically,
were considered if available. In the meantime several
recommendations for instrument sets for standardized
outcome measurement in CLBP have been published
[18, 23, 24]. So far, no international consensus has been
reached however. For this study population with CLBP,
enrolled in an interdisciplinary pain treatment program,
several core outcome sets were applicable, depending on
the focus of assessment, namely low back pain [25],
interdisciplinary multimodal pain therapy [7], and
chronic pain in general [26]. As a result, HRQoL, and
physical, emotional, and social functioning were assessed
by 4 PROMs and 2 PBMs (described in detail below), in
order to achieve a comprehensive, multidimensional and
biopsychosocial assessment of CLBP.

Sociodemographic and potentially confounding param-
eters, such as age, gender, occupation (working capacity),
living conditions, sports habits, and formal education,
were recorded at admission to the clinic on a standard-
ized form used in many previous studies [20, 21].
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Comorbidities were retrieved from the patient’s medical
history. The validated German versions of the following
4 PROMs used in our study were applied [27-30].

The Medical Outcomes Study Short Form 36 Health
Survey (SF-36) comprehensively measures physical,
mental and psychosocial health and various dimensions
of quality of life [31]. This instrument contains 36 items
categorized in 8 health domains: Bodily pain, Physical
functioning, Role physical, General health, Vitality,
Social functioning, Role emotional, and Mental health.
The SF-36 is a commonly used and widely recom-
mended generic questionnaire for the self-assessment of
HRQoL in chronic pain diseases such as CLBP [12, 32,
33]. It has been extensively tested in CLBP for both
validity and reliability [12].

The West Haven-Yale Multidimensional Pain Inven-
tory (MPI) assesses pain and psychosocial and behavioral
aspects in patients with chronic pain. The MPI is divided
into 11 subscales grouped into 3 sections: 1) Pain im-
pact: Pain severity, Interference due to pain, Life control,
Affective distress (synonymously described as negative
mood), Support, 2) Response by significant others: Nega-
tive, Solicitous and Distracting responses, and 3) Activ-
ities: Household chores, Outdoor Work, Activities away
from home, and Social activities. An additional general
activity level score is calculated by 4 separate activity do-
mains [13]. Excellent reliability and validity in low back
pain has been reported [17].

The Symptom Checklist 90-revised (SCL-90-R) is a
self-report instrument that measures a broad range of
symptoms of psychological distress and psychiatric ill-
ness and is widely used with patients with chronic low
back pain [14, 29, 34—37]. From the total of 9 scales of
the SCL-90-R the following 4 were assessed in our study:
Somatization (12 items), Anxiety (10 items), Depression
(13 items) and Anger-hostility (6 items). The validity of
the SCL-90-R is documented by extensive use in psychi-
atric conditions.

The Oswestry Disability Index (ODI) is a self-
administered condition-specific questionnaire for pa-
tients with back pain. It assesses pain-related functional
disability by means of 10 items, 9 of which deal with ac-
tivities of daily living (personal care, lifting, walking, sit-
ting, standing, sleeping, sex life, social life, and
travelling) and one covers the intensity of pain. The total
ODI score ranges from 0=no disability to 100 = bed-
bound [38]. It is one of the most commonly used instru-
ments with good measurement properties (reliability,
validity and responsiveness) for evaluating physical func-
tioning and spine-related disability in patients with low
back pain [12, 39-41].

In addition to the 4 PROMs described above, we used
2 PBMs. The Back Performance Scale (BPS) is a physical
performance assessment instrument covering 5 different
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activities that are often limited in patients with back
pain: the Sock test, Pick-up test, Roll-up test, Fingertip-
to-floor test and Lift test. Each test is scored separately
on a Likert-scale from 0 to 3; the sum of the scores gives
a total maximum score of 15 (=major activity limita-
tions). The 5 tests together capture physical limitation
better than separate tests [42]. A detailed description of
the 5 tests can be found in the literature [15]. The BPS
is a reliable and valid outcome measurement tool [15].

The 6 Minute Walking Distance test (6MWD) mea-
sures the distance walked in 6 min on a premeasured,
100 m long, flat walking surface with interval markings
every 5m. The greater the distance covered, the better
the performance. The 6MWD is an easy functional per-
formance test requiring minimal equipment [16]. It is
recommended for the assessment of physical function in
chronic pain trials [9].

Analysis

The patients were assessed on admission to the clinic
(baseline measurement before therapy) and again on dis-
charge from the pain program after 4 weeks’ treatment
(follow-up measurement). The instrument-specific
“missing rules” had to be fulfilled in order to determine
the scales. Thus, at least 50% of the items had to be
completed for each of the SF-36 scales, and 3/4 (76%)
for the SCL-90-R [29, 43]. Since for the other instru-
ments no missing rules were reported in the initial pa-
pers describing the original questionnaires, we applied
the 2/3 missing rule (completion of 67% of the items re-
quired to determine the score) as previously reported
[44]. All analyses were performed using the statistical
software package IBM SPSS 25.0 for Windows® (SPSS
Inc., Chicago, IL, USA).

In this study, all scores, except those of the 6MWD,
were converted into scales ranging from 0 to 100. The
score 0 indicates maximum limitation, disability, or
symptoms whereas the score 100 means no limitation,
disability or symptoms. The purpose was to facilitate
comparison between the different scoring systems of the
assessment tools included in this study. Mean values
with standard deviation and, for effect quantification, ef-
fect sizes (ESs) according to Kazis [45] and standardized
response mean (SRM) according to Liang [46] were cal-
culated. The ES according to Kazis is defined as the
score difference (follow-up — baseline) divided by the
standard deviation of the baseline score [45]. The SRM
is defined as the score difference (follow-up — baseline)
divided by the standard deviation of the score differences
(follow-up — baseline) [46]. For both the ES and the
SRM a positive value of > 0.80 is considered as showing
a large, 0.50 — 0.79 a moderate, 0.20-0.49 a small, and
0.00-0.19 a very small improvement. A negative ES or
SRM reflects worsening.
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For the analysis of the construct validity, bivariate
Pearson correlations and factor analyses were calculated
[11, 47]. The correlation reflects the strength of the as-
sociation between two variables. There is no generally
applied rule for the classification of correlation coeffi-
cients, but a correlation coefficient (r) above 0.75 can be
considered an excellent association, 0.50—0.75 moderate
to good, 0.25-0.50 fair, and 0.00-0.25 little or no rela-
tionship [47].

Factor analysis is a multivariate correlation analysis
aimed at reducing the number of dimensions, identifying
common constructs and explaining the nature of their
interrelations [47, 48]. For the extraction of the number
of factors of the factor analysis, “Velicer's minimum
average partial (MAP) test” and “parallel analysis” were
used [49]. The factor load reflects the construct conver-
gence of the scale to the major underlying, common di-
mension of the factor. Large factor loads indicate the
representation of the same wunderlying construct,
whereas small factor loads do not [49].

We chose two criteria to determine the sample size:
first, a factor analysis should comprise at least 5 cases
per variable, i.e. 5*20(scales) = 100 patients, in order to
be sufficiently determinate [49]. Second, patient recruit-
ment was continued until the sample reached the size at
which small effects (ES according to Kazis >0.21) were
statistically significant from 0, which means that the 95%
confidence interval excluded 0 [50].

Results

Patients

The sociodemographic variables and disease-relevant
characteristics are shown in Table 1. The flow chart of
participants is presented in Fig. 1. The complete data of
n =177 patients were available. The mean participant
was 48.0years old, female (59.3%), educated to voca-
tional training level (50.3%) and currently not working
(46.3%). Typical patients were living with a partner
(53.1%), were not regularly involved in sports (46.9%)
and suffered from at least one comorbidity (28.8%).

Outcome and comparison of score changes (baseline to
follow-up)

At baseline, the highest scores (=best health) on all
PROMs were measured on the 4 scales of the SCL-90-R,
with the highest mean score on the Anger-hostility
dimension (m =78.5, sd =17.9) (Table 2). The scores on
both the ODI (m = 55.5, sd = 12.4) and the MPI Life con-
trol (m=51.4, sd =21.0) scales were above 50, whereas
all other scores were below 50. The lowest score was on
SF-36 Bodily pain with m=19.0 (sd =13.9), indicating
intense pain. On the BPS the mean score was 51.7 (sd =
22.6) and the 6MWD measured a mean distance of
403.6 m (sd = 155.2).
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Table 1 Socio-demographic and disease-relevant data (n = 177)

n %
Age mean +/— sd (years) 177 480 (12.7)
Sex female 105 593
Education® Basic school (8-9 years) 52 294
Vocational training 89 503

College/high school/university 33 186

Working capadtyb Not working 82 463
Part time 49 277
Full time (42 h/week) 37 209

Living conditions® Alone 49 277
With partner 94 531
other 32 181

Sports, hours/week®  None 83 469
<1 23 13.0
1-2 35 19.8
>2 30 169

Comorbidities® none 18 102
1 51 288
2 35 198
3 29 164
4 23 13.0
25 20 113

Legend: sd = standard deviation

@Missings: n =3

bMissings: n=9

“Missings: n =2

4Missings: n =6

eMissings: n =1

After treatment (follow-up), all scores were higher, in-
dicating improvement and better health. The highest
scores were again on the SCL-90-R, the top score being
on Anger-hostility (m = 83.5, sd = 17.1). Score differences
(follow-up — baseline) were greatest on SF-36 Vitality
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(mean difference = 12.5, sd = 18.5), SF-36 Social func-
tioning and MPI Negative mood (11.1 each, sd =26.2
and 24.7 respectively), BPS (10.9, sd =17.7), and SF-36
Bodily pain (10.2, sd =13.9). All other score differences
ranged between 3.0 (sd =9.99) (ODI) and 9.9 (sd = 20.6)
(SE-36 Role physical). The 6MWD scores between base-
line and follow-up differed on average by 40.8 m (sd =
99.2). SF-36 Bodily pain showed the highest ES and
SRM (both 0.73). Second highest were SF-36 Vitality,
with an ES of 0.67 and an SRM of 0.68. The smallest
changes were observed on SCL-90-R Anxiety, where the
ES of 0.16 was not significantly different from 0. All
other ESs and SRMs reached statistical significance.

Cross-sectional construct validity

At baseline (Table 3), an excellent association and strong
correlation (r > 0.75) was observed between SF-36 Men-
tal health and MPI Negative mood (0.76), and between
SCL-90-R Anxiety and Depression (0.79). Of the total of
190 correlations 41 (=21.6%) were moderate to good
(0.75-0.50). SE-36 Bodily pain correlated with MPI Pain
severity (0.66) and with MPI Interference (0.59). The
PBMs correlated with the SF-36 Physical functioning
with r=0.52 BPS, with r=0.63 6MWD, and with r=
0.56 ODI. A correlation of r=0.65 was found between
the BPS and the 6MWD, the strongest correlation for
both PBM. All other correlations between the self-
assessments and the BPS or the 6MWD were lower. The
ODI correlated highest with MPI Interference (0.66). All
other correlations (146/190 = 76.8%) were fair or showed
little or no relationship (< 0.50).

At follow-up (Table 4), the following excellent associa-
tions were found: SF-36 Mental health with MPI Nega-
tive mood (0.76), SF-36 Vitality with Negative mood
(0.75), MPI Pain severity with Interference (0.75), SCL-
90-R Somatization with Depression (0.77), SCL-90-R
Anxiety with Depression (0.84) and with Anger-hostility

-

n=262

Compliance n=21

4{ Exclusion n=53

Language n=25

n=209

Other reasons n=7

Compliance n=13

Drop out n=32

Premature discharge n=14 ‘

n=177

Fig. 1 Flow chart of study participants

Other reasons n=5
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Table 2 Baseline and follow-up scores, score differences, effect sizes and standardized response mean of all assessments

Page 6 of 13

Baseline (mean) SD Follow-up (mean) SD Difference (mean) SD ES SRM
SF-36
Physical functioning (PF) 47.1 186 533 200 62 158 033 039
Role physical (RP) 263 179 362 196 99 206 055 048
Bodily pain (BP) 19.0 139 292 15.0 102 139 073 073
General health (GH) 42.1 164  46.1 182 39 161 024 025
Vitality (VT) 304 186 429 203 125 185 067 068
Social functioning (SF) 414 279 524 27.1 1.1 262 040 042
Role emotional (RE) 438 310 510 295 72 288 023 025
Mental health (MH) 484 210 575 212 91 189 043 048
MPI
Pain severity (PS) 243 151 341 187 97 167 064 058
Interference (INT) 284 157 378 194 94 144 060 065
Negative mood (NM) 414 224 525 24.0 1.1 247 050 045
Life control (LIF) 514 210 571 209 57 230 027 025
Social and away from home activities (SOC) 408 199 447 178 39 141 020 028
SCL-90-R
Somatization (SOM) 64.7 162 69.7 175 50 120 031 041
Anxiety (ANX) 73.7 228 773 220 36 140 016 025
Depression (DEP) 616 225 699 222 83 151 037 055
Anger-hostility (AH) 785 179 835 17.1 49 145 028 034
ODI total score 555 124 585 136 30 99 025 031
Back Performance Scale (BPS) 517 266 626 255 109 177 041 061
6 Minute Walking Distance (6MWD; m) 403.6 1552 4444 155.1 408 992 026 041

Legend: SF-36 Short Form 36, MPI Multidimensional Pain Inventory, SCL-90-R Symptom Checklist-90-Revised, ODI Oswestry Disability Index, SD standard deviation,

ES Effect size, SRM Standard response mean, m meter. 0 = maximum pain/symptoms/disability, 100 = no pain/symptoms/full function

(0.78), and SCL-90-R Depression with Anger-hostility
(0.76). In 62/190 (=32.6%) correlations the associations
were moderate to good. SF-36 Bodily pain correlated
highest with the ODI (0.66). The PBMs correlated with
SF-36 Physical functioning with r=0.53 BPS, with r=
0.55 6MWD, and with r =0.69 ODI. A correlation of r =
0.61 was found between the BPS and the 6MWD, which
was also the strongest correlation for both PBMs in the
follow-up measurements. The ODI correlated highest
with MPI Pain severity (0.73). All other correlations
(121/190 = 63.7%) were fair or showed little or no rela-
tionship (< 0.50).

Longitudinal construct validity

In the longitudinal construct validity (difference follow-
up — baseline score; Table 5), the best correlation of r =
0.67 was between SCL-90-R Anxiety and Depression.
Moderate to good correlations were observed in 13/190
(=6.8%) correlations. SF-36 Bodily pain correlated high-
est with MPI Pain severity (0.55). The PBMs correlated
with the SF-36 Physical functioning with r=0.22 BPS,
with r=032 6MWD, and with r=039 ODIL A

correlation of r=0.37 was found between the BPS and
the 6MWD, which for both PBMs was the strongest cor-
relation among the longitudinal measurements. The
ODI correlated highest with MPI Pain severity (0.50).
All other correlations (177/190 =93.2%) were fair or
showed little or no relationship (r < 0.50).

Factor analysis

The factor analysis revealed 2 factors for the baseline
scores, follow-up scores and score differences (differ-
ence follow-up — baseline score) (Table 6). The total
explained variance at baseline was 55.3%, at follow-
up 60.9%, and for the score differences 44.0%. Over-
all, a similar pattern emerged in all 3 analyses, with
generally weaker factor loads on the score
differences.

In all 3 analyses, the psychosocial factor explained var-
iances between 33.5 and 48.9%. SF-36 Mental health,
MPI Negative mood and SCL-90-R Anxiety, Depression
and Anger-hostility attained the highest psychosocial
factor loads with up to 0.89. In the analysis of score dif-
ferences, SF-36 Vitality and Role emotional and SCL-90-
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Table 3 Cross-sectional construct validity: bivariate Pearson correlations of baseline scores
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SF-36 MPI SCL-90-R oDl BPS 6MWD
PF RP BP GH VI SF RE MH PS |INT NM LIF SOC SOM ANX DEP AH
SF-36
PF 1.00 039 036 030 024 035 039 030 031 045 030 019 023 031 024 029 019 056 052 063
RP 1.00 045 020 034 040 034 028 037 049 031 014 012 013 011 025 024 040 021 027
BP 100 025 039 044 028 031 066 059 038 023 027 024 017 031 024 049 028 043
GH 1.00 050 038 034 048 030 039 042 036 036 043 047 054 039 038 025 024
vT 1.00 052 041 067 038 058 060 052 042 047 051 067 049 044 016 022
SF 100 052 060 048 072 063 043 046 037 043 058 045 051 018 028
RE 1.00 064 025 051 057 032 024 033 042 054 042 037 021 0.28
MH 1.00 032 060 076 052 033 050 067 074 063 041 022 019
MPI
PS 100 063 041 022 024 025 017 029 025 053 025 032
INT 1.00 065 038 041 035 040 054 050 066 032 039
NM 1.00 063 042 035 055 066 064 041 013 018
LIF 100 036 025 042 053 046 025 -001 006
SOC 100 016 021 039 022 038 007 016
SCL-90-R
SOM 1.00 071 067 047 043 029 029
ANX 1.00 079 068 035 023 012
DEP 1.00 071 045 018 0.8
AH 1.00 031 007 005
ODI total score 1.00 048 045
BPS 1.00 065
6MWD 1.00

Legend: SF-36 Short Form 36, MPI Multidimensional Pain Inventory, ODI Oswestry Disability Index, SCL-90-R Symptom Checklist-90-Revised, BPS Back Performance
Scale, MWD 6 Minute Walking Distance, PF Physical functioning, RP Role physical, BP Bodily pain, GH General health, VT Vitality, SF Social functioning, RE Role
emotional, MH Mental health, PS Pain severity, INT Interference, NM Negative mood, LIF Life control, SOC Social and away from home activities, SOM Somatization,

ANX Anxiety, DEP Depression, AH Anger-hostility

R Somatization loaded less strongly than at baseline and
follow-up.

The pain & function factor explained variances
between 10.5 and 12.3%, with the BPS loading moder-
ately (0.69 and 0.68) on this factor at baseline and
follow-up, but not on the score differences. The 6MWD
loaded 0.79 at baseline and 0.71 at follow-up, but more
weakly (0.52) on the score differences. SF-36 Physical
functioning and Bodily pain, MPI Pain severity and
Interference, and the ODI loaded strongly on the pain &
function factor in all 3 analyses. SF-36 Role physical
alone loaded strongly (0.76) on the follow-up measure-
ment only.

Discussion

This study investigated the comprehensive scope of a
multidimensional, biopsychosocial approach to the as-
sessment of patients with CLBP, which applied a range
of 4 PROMs and 2 PBMs and determined the cross-
sectional and longitudinal validity of those measures.

The patients were assessed before and after attending a
standardized interdisciplinary pain management pro-
gram for chronic musculoskeletal disorders. Validity was
quantified by direct comparison of the scales of the indi-
vidual validated instruments, as there is no “gold stand-
ard” for evaluating PROMs. This is to our knowledge
the first study to compare such a large number of
generic and disease-specific scales, both self-rated and
examiner-based, combined in a single set for the assess-
ment of CLBP.

In our study most bivariate correlations between the
scales, both cross-sectional and longitudinal, PROMs
and PBMs, were moderate to fair, indicating that those
measures reflect somewhat different aspects of disability.
The evidence of a relationship between disability,
whether self-reported or performance-based, and
psychological factors is inconclusive. Independently of
the measurement scales used, most correlations and
associations between the two as reported in the litera-
ture were weak to moderate, and some studies showed
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Table 4 Cross-sectional construct validity: bivariate Pearson correlations of follow-up scores
SF-36 MPI SCL-90-R OoDI BPS 6MWD
PF RP BP GH VI SF RE MH PS |INT NM LIF SOC SOM ANX DEP AH
SF-36
PF 100 060 056 044 041 028 039 028 054 060 033 029 038 041 032 039 027 069 053 055
RP 1.00 058 034 036 025 053 027 053 051 031 024 023 034 021 029 026 058 046 042
BP 100 034 045 042 045 043 062 060 043 038 046 039 030 041 028 066 039 036
GH 100 057 034 038 056 054 055 054 046 038 053 058 058 049 053 033 027
VT 1.00 052 049 075 049 056 062 060 045 063 055 068 047 049 034 026
SF 100 053 061 033 054 051 057 039 050 048 056 039 041 018 0.16
RE 100 056 039 051 054 041 026 040 038 048 032 051 031 024
MH 100 041 052 076 068 037 057 067 073 059 044 025 017
MPI
PS 100 075 046 038 037 053 042 048 038 073 038 037
INT 1.00 053 048 053 060 051 060 044 072 034 035
NM 1.00 072 034 056 064 069 065 045 029 025
LIF 100 037 047 051 059 047 037 016 017
SOC 100 037 029 046 027 049 020 026
SCL-90-R
SOM 100 074 077 065 061 032 031
ANX 100 084 078 046 027 013
DEP 1.00 076 056 031 025
AH 100 044 020 018
ODI total score 100 049 052
BPS 1.00 061
6MWD 1.00

Legend: SF-36 Short Form 36, MPI Multidimensional Pain Inventory, ODI Oswestry Disability Index, SCL-90-R Symptom Checklist-90-Revised, BPS Back Performance
Scale, MWD 6 Minute Walking Distance, PF Physical functioning, RP Role physical, BP Bodily pain, GH General health, VT Vitality, SF Social functioning, RE Role
emotional, MH Mental health, PS Pain severity, INT Interference, NM Negative mood, LIF Life control, SOC Social and away from home activities, SOM Somatization,

ANX Anxiety, DEP Depression, AH Anger-hostility

no association at all [14, 35, 36]. Moderate correlations
were found between PROMs and PBMs for physical
function [51], while for work-related limitations large
differences between the constructs of PROMs and PBMs
were shown [52].

The construct of pain itself is covered by the MPI Pain
severity scale alone. Its 3 items focus exclusively on pain,
namely the severity and level of pain and the amount of
suffering caused by pain [13]. The functional conse-
quences of pain, however, are comprehensively covered
by 10 items in the MPI Interference due to pain scale.
The SF-36 Bodily pain scale has two items, one quantify-
ing the strength of pain, the other the interference of
pain in the performance of activities of daily living.
These 3 scales showed moderate correlations, between
0.55 and 0.66 (7/9 correlations of the 3 correlation ana-
lyses, with 2 exceptions). The ESs ranged between 0.60
and 0.73 and were among the highest observed effects of
all scales. Thus both the chronic-pain-specific MPI and
the generic SF-36 performed well in this construct and

showed moderate construct overlap. In one longitudinal
study after treatment in a multidisciplinary pain center,
the same scales reached ESs between 0.41 and 0.44; an
overlap between SF-36 Bodily pain and MPI Pain sever-
ity was reported with a cross-sectional correlation of r =
0.71 [53].

Among the 6 scales that cover the domain of physical
functioning (SF-36 Physical functioning, SF-36 Role
physical, MPI Interference, ODI, BPS and 6MWD) 24/
28 cross-sectional correlations ranging between 0.42 and
0.72 were found. In the longitudinal analysis, the levels
were markedly lower, ranging from 0.20-0.47 in 11/14
comparisons. In this group of scales, the SF-36 Role
physical and the BPS showed the lowest correlations,
meaning that the construct overlap of those 2 functional
scales is moderate to weak. Notably, if we take the BPS
as the “gold” standard (for criterion validity) for asses-
sing low back pain function (which would be expected
from the a priori construct), we find that the construct
convergence to the self-assessment scales is rather weak
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Table 5 Longitudinal construct validity: bivariate Pearson correlations of change scores (difference of follow-up — baseline score)

SF-36 MPI SCL-90-R oDl BPS 6MWD
PF RP BP GH VI SF RE MH PS |INT NM LIF SOC SOM ANX DEP AH
SF-36
PF 1.00 034 040 027 035 018 027 023 036 041 033 027 028 028 011 024 012 039 022 032
RP 1.00 034 022 034 020 037 020 044 034 022 023 014 018 010 022 021 034 008 018
BP 100 029 045 031 034 042 055 046 035 037 024 040 025 033 016 044 022 015
GH 1.00 043 024 027 036 032 030 038 039 015 030 035 045 024 018 =003 0.7
vT 1.00 028 030 060 040 047 051 054 021 031 021 040 028 047 015 022
SF 100 043 048 015 030 039 044 014 020 033 042 026 019 004 007
RE 1.00 046 021 026 040 028 013 018 016 029 017 019 004 013
MH 1.00 0.18 030 060 059 019 029 038 045 036 028 007 014
MPI
PS 100 065 029 028 019 034 011 023 014 050 016 025
INT 100 034 029 029 034 025 035 022 047 014 023
NM 1.00 068 033 020 032 048 049 030 013 0.8
LIF 100 025 019 024 047 039 028 008 0.9
SOC 1.00 021 013 026 018 028 007 015
SCL-90-R
SOM 1.00 061 056 036 038 017 021
ANX 1.00 067 054 020 -005 -001
DEP 1.00 061 024 008 0.14
AH 1.00 015 003 007
ODI total score 1.00 020 027
BPS 1.00 037
6MWD 1.00

Legend: SF-36 Short Form 36, MPI Multidimensional Pain Inventory, ODI Oswestry Disability Index, SCL-90-R Symptom Checklist-90-Revised, BPS Back Performance
Scale, MWD 6 Minute Walking Distance, PF Physical functioning, RP Role physical, BP Bodily pain, GH General health, VT Vitality, SF Social functioning, RE Role
emotional, MH Mental health, PS Pain severity, INT Interference, NM Negative mood, LIF Life control, SOC Social and away from home activities, SOM Somatization,

ANX Anxiety, DEP Depression, AH Anger-hostility

(correlations between 0.08 and 0.53). Overall, correlation
and factor analyses showed that the construct of the
self-assessment scales is moderately different from that
of the BPS and mainly covers ambulation (e.g. 5/10
items of SF-36 Physical functioning). This is corrobo-
rated by the higher correlations of the self-assessment
scales to the 6MWD than to the BPS. Finally, the con-
struct of physical function could not be separated from
that of pain in the factor analysis.

The ODI was designed as a condition-specific PROM
for physical disability or function [30, 38]. Nevertheless,
4 out of 10 items address health constructs other than
physical functioning, namely pain intensity, social life,
traveling and sleep [54, 55]. The ODI is included in the
weaker pain & function factor in all 3 factor analyses
(Table 6) indicating multidimensionality, although the
current evidence about the dimensionality of the ODI is
controversial [40, 56].

The ODI correlated highest with MPI Interference but
lower to SF-36 Physical functioning, BPS and 6MWD in

our data. On the item level, the ODI includes statements
of disability / limitation due to pain, pain changes, sup-
port needed from other persons or devices (stick or
crutches), and quality of movement. The lumping to-
gether of diverse concepts blurs the specific function
content [57, 58]. This finding is endorsed by a systematic
review of 36 back-specific questionnaires whose con-
structs included psychosocial and physical functions as
well as pain and sleep [54].

It is worth noting that the ODI’s cross-sectional corre-
lations were found to be weak (0.30, 0.35, and 0.41) with
three physical performance tests measuring impairment
in CLBP [59]. Moreover, the correlations between low-
back-pain-specific PROMs and the Isernhagen Work
Systems Functional Capacity Evaluation (FCE) in pa-
tients with CLBP, which were expected to be strong (r >
0.75), turned out to be moderate to weak (r=0.52 for
OD]), including on the item-level [60]. After spinal oper-
ations, the reported correlation between the ODI and
SF-36  Physical function was r=0.77, which is
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Table 6 Factor loads of baseline scores, follow-up scores and score differences (difference of follow-up — baseline score)

baseline follow-up score differences
Psychosocial Pain & Psychosocial Pain & Psychosocial Pain &
factor Function factor Function factor Function
SF-36
Physical functioning (PF) 0.16 0.73 0.19 0.81 0.18 0.65
Role physical (RP) 0.20 0.56 0.14 0.76 0.19 0.54
Bodlily pain (BP) 0.24 0.68 031 0.70 035 0.62
General health (GH) 057 027 0.60 038 053 024
Vitality (VT) 0.73 0.27 0.72 0.34 0.50 0.52
Social functioning (SF) 0.63 0.44 0.66 021 0.59 013
Role emotional (RE) 0.57 033 048 044 043 0.30
Mental health (MH) 0.84 0.21 0.86 0.17 0.71 0.22
MPI
Pain severity (PS) 0.27 0.63 039 0.68 0.15 0.76
Interference (INT) 057 063 0.54 063 0.31 0.67
Negative mood (NM) 0.80 0.24 0.81 0.22 0.69 0.29
Life control (LIF) 0.68 0.03 0.75 0.15 065 0.27
Social and away from home activities (SOC) 043 0.25 0.40 0.40 0.25 033
SCL-90-R
Somatization (SOM) 0.60 023 0.72 034 0.51 030
Anxiety (ANX) 0.81 0.05 0.84 0.13 0.75 -0.08
Depression (DEP) 0.89 0.16 0.87 0.25 0.82 0.12
Anger-hostility (AH) 0.80 0.04 0.78 0.11 0.71 -0.03
oDI 0.36 0.71 040 0.78 0.20 0.68
Back Performance Scale 0.01 0.69 0.11 0.68 -0.08 044
6 Minute Walking Distance (m) 0.00 0.79 0.03 0.71 0.01 0.52
Explained variance (%) 430 123 489 119 335 10.5
Total explained variance (%) 553 60.9 440

Legend: SF-36 Short Form 36, MPI Multidimensional Pain Inventory, SCL-90-R Symptom Checklist-90-Revised, ODI Oswestry Disability Index, m meter

comparable to our correlation at follow-up (Table 4)
[61]. Our data showed correlations with the functional
tests between 0.45 and 0.52 in the cross-sectional ana-
lysis and between 0.20 and 0.27 in the longitudinal
analysis.

The mental and especially the affective health
domain is covered by SF-36 Mental health, MPI
Negative mood, SCL-90-R Anxiety and Depression,
and partially by SCL-90-R Anger-hostility. The cross-
sectional overlap, with correlations ranging from
0.55-0.84 (12 cross-sectional correlations), was good
and the longitudinal overlap, ranging from 0.38-0.67
(6 longitudinal correlations), a little lower but still
good enough to show moderate construct overlap.
The relatively broad construct of mood / affective
symptoms is well covered by the above 5 scales. This
finding is supported by the factor analyses, where to-
gether those 5 scales built a strong psychosocial fac-
tor explaining much more variance than the pain &

function factor in each analysis. Together with the re-
sults of the responsiveness analysis, the validity of
those 5 scales was satisfactory. Although SF-36 Vital-
ity and Social functioning and MPI Life control also
loaded on the psychosocial factor, they cover partially
different constructs. They are closely, but not solely,
related to affective health and showed somewhat less
construct overlap in the correlation analysis.

We found no study in the literature that had used cor-
relation coefficients to investigate the mental health
scales of the SF-36, the MPI or the SCL-90-R in patients
with CLBP. Only one cross-sectional comparison (n =
152) reported correlations of the Roland Morris Disabil-
ity Questionnaire (RMDQ) with SCL-90-R Somatization
by r=0.29, with Anxiety by r=0.19, and with Depres-
sion by r=0.26 [37]. The correlation of the RMDQ with
the ODI was r=0.80 in the German ODI validation
study [30]. In our study the correlation levels of the ODI
to the 3 SCL-90 R scales (Somatization, Anxiety, and
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Depression) were higher than those of the RMDQ listed
above.

SE-36 Social functioning and MPI Social and away-
from-home activities correlated less than their con-
structs might lead us to expect: namely, cross-sectionally
0.46 and 0.39 and longitudinally 0.14, indicating that
these 2 scales converged weakly. In the factor analyses,
both loaded moderately on the psychosocial factor with
SF-36 Social functioning loading slightly more strongly.

The CLBP syndrome comprises many more dimen-
sions of health and quality of life than just back-related
functioning. The combined use of PROMs and PBMs in
this study provided comprehensive and complementary
information on pain, psychosocial and physical function-
ing and limitations, and HRQoL in patients with CLBP
undergoing standardized multidisciplinary rehabilitation
for chronic musculoskeletal pain. The observation that
all scales of the comprehensive, generic SF-36 showed
much lower levels of health than expected by the popu-
lation norms in our former study underlines its multidi-
mensionality [19].

The comprehensiveness of the assessment of CLBP is
a strength of this study. All the measurement instru-
ments used in the study are in common clinical use in
CLBP populations. They are well studied and have good
psychometric measurement properties. The PROMs in-
cluded generic and disease-specific instruments as well
as psychosocial measurements. Exploratory factor ana-
lysis provided (biopsychosocial) model-directed findings
in contrast to pre-determined, hypothesis-directed, con-
firmatory factor analysis. Furthermore, patients were
assessed not only cross-sectionally, at one point in time,
but also longitudinally on the basis of published com-
parative data. A limitation of our study is that the data
were collected in a specific patient population with the
diagnosis of CLBP in a multidisciplinary pain program,
which might reduce the generalizability of the results.

Conclusions
The selected set of individually validated measurement
scales appeared to provide comprehensive coverage and
assessment of the complex, multidimensional CLBP syn-
drome. This is supported by the high levels of explained
variance in the factor analyses and by the observation
that all scales in the current assessment set revealed im-
provement after the multimodal pain program. The pic-
ture of the CLBP syndrome was dominated by the
psychosocial domain, which explained most of the vari-
ance. The need to employ a broad spectrum of measure-
ment constructs was supported by the fact that many
scales showed only partial convergence within the same
domain.

As expected, the pain, pain interference and function
scales of the self-assessments showed high construct
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overlap with each other and with the functional per-
formance tests. Divergence was seen in the BPS and
6MWD to the psychosocial factor. MPI Interference and
the ODI, however, loaded also on the psychosocial fac-
tor, whereas SF-36 Social functioning and SF-36 Vitality
converged also to the pain & function dimension. High
specific construct convergence, especially in the psycho-
social domain, was observed on the SCL-90 scales (ex-
cept Somatization) and MPI Life control and to a lesser
degree on the other MPI and the SF-36 scales. All SCL-
90 scales (except Somatization) diverged strongly from
the pain & function dimension.

The comprehensiveness of the measurement, the con-
sistent findings for cross-sectional and longitudinal out-
come and the exploratory nature of the (factor-) analysis
may be helpful in the planning and design of future
studies or in the assessment of clinical routine. For the
clinical outcome measurement of multimodal rehabilita-
tion of CLBP, we recommend a minimum set of instru-
ments consisting of the SF-36 Bodily pain, SF-36
Vitality, SF-36 Social functioning, MPI Interference,
SCL-90R Anxiety, and SCL-90R Depression. The find-
ings should be confirmed by further research and the
sets should be adapted according to specific therapeutic
focus and to research aims.

Abbreviations

6MWD: 6 Minute Walking Distance; BPS: Back Performance Scale;

CLBP: Chronic Low Back Pain; ES: Effect size; HRQoL: Health-related Quality of
Life; m: Mean; max: Maximum; MPI: Multidimensional Pain Inventory;

ODI: Oswestry Disability Index; PBM: Performance-Based Measure;

PROM: Patient Reported Outcome Measurement; SCL-90-R: Symptom
Checklist-90-Revised; sd: Standard deviation; SF-36 : Medical Outcomes Study
Short Form 36 Health Survey; SRM: Standard response mean; VAPA

IN: Validation and Application of a patient-relevant core set of outcome do-
mains to assess multimodal PAIN therapy; ZISP: Zurzach Interdisciplinary Pain
Program (Zurzacher Interdisziplindres Schmerz Programm)

Acknowledgements

We thank all patients for their voluntary participation in the study and the
members of the Pain Center of the rehabilitation clinic “RehaClinic” in Bad
Zurzach, Switzerland. We would also like to thank Elisabeth Kyrke for the
English editing of this article. This study was supported by the Zurzach
Rehabilitation Foundation SPA, Bad Zurzach, Switzerland.

Authors’ contributions

The authors’ contributions have been as follows: study planning (TB, FA, SL,
AE, PS); data collection (TB, SL); statistical analyses and interpretation of data
(TB, FA); draft study report (TB, FA); revision and finalization to the
manuscript (TB, FA, SL, AE, PS); supervision and provision of resources (PS).
All authors read and approved the final manuscript.

Funding
There are no sources of funding to declare.

Availability of data and materials
All data and material are freely available. Please contact the corresponding
author for data requests.



Benz et al. BMC Musculoskeletal Disorders (2021) 22:291

Declarations

Ethics approval and consent to participate

The study was approved by the Ethics Committee of Aarau, Canton Aargau,
Switzerland (EK AG 2008/026). Written informed consent was obtained from
all study participants.

Consent for publication
Not applicable. Data do not contain any personal data.

Competing interests
There are no conflicts of interests or competing interests to declare.

Author details

"Research Department, Rehaklinik Bad Zurzach, Zurzach Care Group,
Quellenstrasse 34, Bad Zurzach, Switzerland. “Institute of Psychology,
University of Bern, Fabrikstrasse 8, Bern, Switzerland. 3Graduate School for
Health Sciences, University of Bern, Bern, Switzerland. “Institute of
Physiotherapy, School of Health Professions, Zurich University of Applied
Sciences, Winterthur, Switzerland.

Received: 2 June 2020 Accepted: 2 March 2021
Published online: 20 March 2021

References

1. Global Burden of Disease Study 2013 Collaborators. Global, regional, and
national incidence, prevalence, and years lived with disability for 301 acute
and chronic diseases and injuries in 188 countries, 1990-2013: a systematic
analysis for the Global Burden of Disease Study 2013. Lancet Lond Engl.
2015;386:743-800.

2. Niv D, Kreitler S. Pain and quality of life. Pain Pract Off J World Inst Pain.
2001;1:150-61.

3. Henschke N, Maher CG, Refshauge KM, Herbert RD, Cumming RG, Bleasel J,
et al. Prognosis in patients with recent onset low back pain in Australian
primary care: inception cohort study. BMJ. 2008;337:a171.

4. Nicholas MK, Linton SJ, Watson PJ, Main CJ. “Decade of the flags” working
group. Early identification and management of psychological risk factors
("yellow flags”) in patients with low back pain: a reappraisal. Phys Ther. 2011;
91:737-53.

5. Waddell G, Burton AK. Concepts of rehabilitation for the management of
low back pain. Best Pract Res Clin Rheumatol. 2005;19:655-70.

6. Salathé CR, Trippolini MA, Terribilini LC, Oliveri M, Elfering A. Assessing
psycho-social barriers to rehabilitation in injured workers with chronic
musculoskeletal pain: development and item properties of the yellow flag
questionnaire (YFQ). J Occup Rehabil. 2018;28:365-76.

7. Kaiser U, Kopkow C, Deckert S, Neustadt K, Jacobi L, Cameron P, et al.
Developing a core outcome domain set to assessing effectiveness of
interdisciplinary multimodal pain therapy: the VAPAIN consensus statement
on core outcome domains. Pain. 2018;159:673-83.

8. Simmonds MJ, Olson SL, Jones S, Hussein T, Lee CE, Novy D, et al.
Psychometric characteristics and clinical usefulness of physical performance
tests in patients with low back pain. Spine. 1998;23:2412-21.

9. Taylor AM, Phillips K, Patel KV, Turk DC, Dworkin RH, Beaton D, et al.
Assessment of physical function and participation in chronic pain clinical
trials: IMMPACT/OMERACT recommendations. Pain. 2016;157:1836-50.

10.  Chiarotto A, Terwee CB, Kamper SJ, Boers M, Ostelo RW. Evidence on the
measurement properties of health-related quality of life instruments is
largely missing in patients with low back pain: a systematic review. J Clin
Epidemiol. 2018;102:23-37.

11, Streiner DL, Norman GR, Cairney J. Health measurement scales. 5th edition.
Revised. Oxford: Oxford University Press; 2015.

12. Chapman JR, Norvell DC, Hermsmeyer JT, Bransford RJ, DeVine J, McGirt MJ,
et al. Evaluating common outcomes for measuring treatment success for
chronic low back pain. Spine. 2011;36(21 Suppl):S54-68.

13. Kerns RD, Turk DC, Rudy TE. The west haven-Yale multidimensional pain
inventory (WHYMPI). Pain. 1985;23:345-56.

14.  Schiphorst Preuper HR, Reneman MF, Boonstra AM, Dijkstra PU, Versteegen
GJ, Geertzen JHB, et al. Relationship between psychological factors and
performance-based and self-reported disability in chronic low back pain. Eur
Spine J. 2008;17:1448-56.

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

Page 12 of 13

Magnussen L, Strand LI, Lygren H. Reliability and validity of the back
performance scale: observing activity limitation in patients with back pain.
Spine. 2004;29:903-7.

Bennell K, Dobson F, Hinman R. Measures of physical performance
assessments: self-paced walk test (SPWT), stair climb test (SCT), six-minute walk
test (6MWT), chair stand test (CST), timed up & go (TUG), sock test, lift and
carry test (LCT), and Car task. Arthritis Care Res. 2011,63(Suppl 11):5350-70.
Garg A, Pathak H, Churyukanov MV, Uppin RB, Slobodin TM. Low back pain:
critical assessment of various scales. Eur Spine J. 2020,29:503-18.

Deyo RA, Dworkin SF, Amtmann D, Andersson G, Borenstein D, Carragee E,
et al. Report of the NIH task force on research standards for chronic low
Back pain. Spine J Off J North Am Spine Soc. 2014;14:1375-91.

Angst F, Brioschi R, Main CJ, Lehmann S, Aeschlimann A. Interdisciplinary
rehabilitation in fibromyalgia and chronic Back pain: a prospective outcome
study. J Pain. 2006;7:807-15.

Angst F, Verra M, Lehmann S, Brioschi R, Aeschlimann A. Clinical
effectiveness of an interdisciplinary pain management programme
compared with standard inpatient rehabilitation in chronic pain: a
naturalistic, prospective controlled cohort study. J Rehabil Med. 2009;41:
569-75.

Benz T, Lehmann S, Brioschi R, Elfering A, Aeschlimann A, Angst F.
Comparison of short- and mid-term outcomes of Italian- and German-
speaking patients after an interdisciplinary pain management programme in
Switzerland: a prospective cohort study. J Rehabil Med. 2019;51:127-35.
Angst F, Verra ML, Lehmann S, Aeschlimann A. Responsiveness of five
condition-specific and generic outcome assessment instruments for chronic
pain. BMC Med Res Methodol. 2008;8:26.

Clement RC, Welander A, Stowell C, Cha TD, Chen JL, Davies M, et al. A
proposed set of metrics for standardized outcome reporting in the
management of low back pain. Acta Orthop. 2015;86:523-33.

Deyo RA, Battie M, Beurskens AJ, Bombardier C, Croft P, Koes B, et al.
Outcome measures for low back pain research. A proposal for standardized
use. Spine. 1998;23:2003-13.

Chiarotto A, Boers M, Deyo RA, Buchbinder R, Corbin TP, Costa LOP, et al.
Core outcome measurement instruments for clinical trials in nonspecific
low back pain. Pain. 2018;159:481-95.

Dworkin RH, Turk DC, Farrar JT, Haythornthwaite JA, Jensen MP, Katz NP,

et al. Core outcome measures for chronic pain clinical trials: IMMPACT
recommendations. Pain. 2005;113:9-19.

Bullinger M, Alonso J, Apolone G, Leplege A, Sullivan M, Wood-Dauphinee
S, et al. Translating health status questionnaires and evaluating their quality:
the IQOLA project approach. J Clin Epidemiol. 1998,51:913-23.

Flor H, Rudy TE, Birbaumer N, Streit B, Schugens MM. The applicability of
the west haven-Yale multidimensional pain inventory in German-speaking
countries. Data on the reliability and validity of the MPI-D. Schmerz Berl Ger.
1990:4:82-7.

Franke GH. SCL-90-R. Symptom-Checkliste Von Derogatis-Dtsch Version Gott
Beltz; 1995.

Mannion AF, Junge A, Fairbank JCT, Dvorak J, Grob D. Development of a
German version of the Oswestry disability index. Part 1: cross-cultural
adaptation, reliability, and validity. Eur Spine J. 2006;15:55-65.

Ware JE, Snow KK, Kosinski M, Gandek B. New England Medical Center
Hospital, health institute. SF-36 health survey: manual and interpretation
guide. 3rd ed. Boston: Health Institute, New England Medical Center; 2004.
Busija L, Pausenberger E, Haines TP, Haymes S, Buchbinder R, Osborne RH.
Adult measures of general health and health-related quality of life: Medical
Outcomes Study Short Form 36-Item (SF-36) and Short Form 12-Item (SF-
12) Health Surveys, Nottingham Health Profile (NHP), Sickness Impact Profile
(SIP), Medical Outcomes Study Short Form 6D (SF-6D), Health Utilities Index
Mark 3 (HUI3), Quality of Well-Being Scale (QWB), and Assessment of Quality
of Life (AQol). Arthritis Care Res. 2011,63(Suppl 11):5383-412.

Lurie J. A review of generic health status measures in patients with low
back pain. Spine. 2000;25:3125-9.

Derogatis LR. SCL-90-R: administration, scoring of procedures manual-Il for
the R (evised) version and other instruments of the psychopathology rating
scale series. Towson: Clinical Psychometric Research; 1992.

Preuper HRS, Boonstra AM, Wever D, Heuts PHTG, Dekker JHM, Smeets
RJEM, et al. Differences in the relationship between psychosocial
distress and self-reported disability in patients with chronic low back
pain in six pain rehabilitation centers in the Netherlands. Spine. 2011;
36:969-76.



Benz et al. BMC Musculoskeletal Disorders

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

(2021) 22:291

Edmond SL, Werneke MW, Hart DL. Association between centralization,
depression, somatization, and disability among patients with nonspecific
low back pain. J Orthop Sports Phys Ther. 2010,40:801-10.

Schiphorst Preuper HR, Reneman MF, Boonstra AM, Dijkstra PU, Versteegen
GJ, Geertzen JHB. The relationship between psychosocial distress and
disability assessed by the symptom Checklist-90-revised and Roland Morris
disability questionnaire in patients with chronic low back pain. Spine J Off J
North Am Spine Soc. 2007;7:525-30.

Roland M, Fairbank J. The Roland-Morris disability questionnaire and the
Oswestry disability questionnaire. Spine. 2000;25:3115-24.

Kopec JA. Measuring functional outcomes in persons with back pain: a
review of back-specific questionnaires. Spine. 2000;25:3110-4.

Lee C-P, Fu T-S, Liu C-Y, Hung C-l. Psychometric evaluation of the Oswestry
disability index in patients with chronic low back pain: factor and Mokken
analyses. Health Qual Life Outcomes. 2017;15:192.

Fairbank JC, Pynsent PB. The Oswestry disability index. Spine. 2000,25:2940-
52 discussion 2952.

Strand LI. Back performance scale. J Physiother. 2017,63:262.

Bullinger M, Kirchberger I. Fragebogen zum Gesundheitszustand: SF-36;
Handanweisung [The SF-36 questionnaire to assess thealth status. A
manual]. Gottingen: Hogrefe, Verlag fiir Psychologie; 1998.

Angst F, Pap G, Mannion AF, Herren DB, Aeschlimann A, Schwyzer H-K, et al.
Comprehensive assessment of clinical outcome and quality of life after total
shoulder arthroplasty: usefulness and validity of subjective outcome
measures. Arthritis Rheum. 2004;51:819-28.

Kazis LE, Anderson JJ, Meenan RF. Effect sizes for interpreting changes in
health status. Med Care. 1989;27(3 Suppl):5178-89.

Liang MH, Fossel AH, Larson MG. Comparisons of five health status
instruments for orthopedic evaluation. Med Care. 1990;28:632-42.

Portney L, Watkins MP. Foundations of Clinical Research : Applications to
Practice, 3rd. 3rd ed. Upper Saddle River, N.J: F.A. Davis Company; 2015.
Backhaus K, Erichson B, Plinke W, Weiber R. Multivariate Analysemethoden:
Eine anwendungsorientierte Einfihrung [Multivariate methods of analysis. A
practically orientated introduction.]. 14th ed. Berlin Heidelberg: Springer
Gabler; 2016.

Ho R. Handbook of Univariate and multivariate data analysis with IBM SPSS.
2nd ed. Boca Raton: Chapman and Hall/CRC; 2013.

Rosenthal R. Parametric measures of effect size. In: Cooper H, Hedges LV,
editors. The handbook of research synthesis. Tst ed. New York: Russell Sage
Foundation; 1993. p. 231-44.

Lee CE, Simmonds MJ, Novy DM, Jones S. Self-reports and clinician-
measured physical function among patients with low back pain: a
comparison. Arch Phys Med Rehabil. 2001;82:227-31.

Brouwer S, Dijkstra PU, Stewart RE, Goeken LNH, Groothoff JW, Geertzen
JHB. Comparing self-report, clinical examination and functional testing in
the assessment of work-related limitations in patients with chronic low back
pain. Disabil Rehabil. 2005,27:999-1005.

Wittink H, Turk DC, Carr DB, Sukiennik A, Rogers W. Comparison of the
redundancy, reliability, and responsiveness to change among SF-36,
Oswestry disability index, and multidimensional pain inventory. Clin J Pain.
2004;20:133-42.

Grotle M, Brox JI, Vellestad NK. Functional status and disability
questionnaires: what do they assess? A systematic review of back-specific
outcome questionnaires. Spine. 2005;30:130-40.

Chiarotto A, Terwee CB, Ostelo RW. Choosing the right outcome
measurement instruments for patients with low back pain. Best Pract Res
Clin Rheumatol. 2016;30:1003-20.

Saltychev M, Mattie R, McCormick Z, Barlund E, Laimi K. Psychometric
properties of the Oswestry disability index. Int J Rehabil Res Int Z Rehabil
Rev Int Rech Readaptation. 2017;40:202-8.

Katz JN. Measures of adult back and neck function: the North American
Spine Society (NASS) lumbar spine outcome assessment instrument, neck
disability index, Oswestry low Back pain disability index, Quebec Back pain
disability scale, and Roland-Morris low Back pain measure. Arthritis Care Res.
2003;49:543-9.

Rolli Salathé C, Elfering A, Tuschel A, Ogon M, Mayer HM, Boos N.
Development and validation of the iDI: a short self-rating disability
instrument for low Back pain disorders. Glob Spine J. 2017,7:123-32.
Gronblad M, Jarvinen E, Hurri H, Hupli M, Karaharju EO. Relationship of the
pain disability index (PDI) and the Oswestry disability questionnaire (ODQ)

60.

61.

Page 13 of 13

with three dynamic physical tests in a group of patients with chronic low-
back and leg pain. Clin J Pain. 1994;10:197-203.

Reneman MF, Jorritsma W, Schellekens JMH, Goeken LNH. Concurrent
validity of questionnaire and performance-based disability measurements in
patients with chronic nonspecific low back pain. J Occup Rehabil. 2002;12:
119-29.

Grevitt M, Khazim R, Webb J, Mulholland R, Shepperd J. The short form-36
health survey questionnaire in spine surgery. J Bone Joint Surg Br. 1997;79:
48-52.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients
	Intervention
	Measures
	Analysis

	Results
	Patients
	Outcome and comparison of score changes (baseline to follow-up)
	Cross-sectional construct validity
	Longitudinal construct validity
	Factor analysis

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

