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RESEARCH ARTICLE Open Access

A multisite longitudinal evaluation of
patient characteristics associated with a
poor response to non-surgical
multidisciplinary management of low back
pain in an advanced practice
physiotherapist-led tertiary service
Shaun O’Leary1,2* , Maree Raymer2, Peter Window2, Patrick Swete Kelly2, Darryl Lee2, Linda Garsden2,
Rebecca Tweedy2, Ben Phillips3, Will O’Sullivan3, Anneke Wake3, Alison Smith4, Sheryl Pahor5, Luen Pearce5,
Rod McLean5, David Thompson5, Erica Williams5, Damien Nolan5, Jody Anning5, Ian Seels6, Daniel Wickins7,
Darryn Marks8,9, Brendan Diplock10, Vicki Parravicini10, Linda Parnwell10, Bill Vicenzino1, Tracy Comans11,
Michelle Cottrell1,2, Asaduzzaman Khan1 and Steven McPhail12,13

Abstract

Background: Non-surgical multidisciplinary management is often the first pathway of care for patients with chronic
low back pain (LBP). This study explores if patient characteristics recorded at the initial service examination have an
association with a poor response to this pathway of care in an advanced practice physiotherapist-led tertiary service.

Methods: Two hundred and forty nine patients undergoing non-surgical multidisciplinary management for their LBP
across 8 tertiary public hospitals in Queensland, Australia participated in this prospective longitudinal study. Generalised
linear models (logistic family) examined the relationship between patient characteristics and a poor response at 6
months follow-up using a Global Rating of Change measure.

Results: Overall 79 of the 178 (44%) patients completing the Global Rating of Change measure (28.5% loss to follow-
up) reported a poor outcome. Patient characteristics retained in the final model associated with a poor response
included lower Formal Education Level (ie did not complete school) (Odds Ratio (OR (95% confidence interval)) (2.67
(1.17–6.09), p = 0.02) and higher self-reported back disability (measured with the Oswestry Disability Index) (OR 1.33
(1.01–1.77) per 10/100 point score increase, p = 0.046).
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© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: s.oleary@uq.edu.au
1School of Health and Rehabilitation Sciences, University of Queensland,
Brisbane, Australia
2Physiotherapy Department, Royal Brisbane and Women’s Hospital, Brisbane,
Australia
Full list of author information is available at the end of the article

O’Leary et al. BMC Musculoskeletal Disorders          (2020) 21:807 
https://doi.org/10.1186/s12891-020-03839-5

http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-020-03839-5&domain=pdf
http://orcid.org/0000-0002-2574-129X
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:s.oleary@uq.edu.au


(Continued from previous page)

Conclusions: A low level of formal education and high level of self-reported back disability may be associated with a
poor response to non-surgical multidisciplinary management of LBP in tertiary care. Patients with these characteristics
may need greater assistance with regard to their comprehension of health information, and judicious monitoring of
their response to facilitate timely alternative care if no benefits are attained.

Keywords: Low back pain, Tertiary care, Risk factors, Outcome, Non-surgical management

Background
Low back pain (LBP) accounts for the greatest number
of years lived with disability of all health conditions [1].
Many patients with chronic disabling LBP are referred
to tertiary hospitals for specialist opinion regarding man-
agement which can be a substantial load on hospital ser-
vices [2]. Multidisciplinary non-surgical management is
usually the first line of care for these patients as surgical
outcomes are similar but have greater potential for ad-
verse events [3]. It is suggested that non-surgical multi-
disciplinary management of LBP is aligned to the
biopsychosocial conceptualization of chronic pain [3, 4]
delivered by a team of multidisciplinary health profes-
sionals providing a combination of coordinated educa-
tional, physical and psychological interventions [3].
While systematic review and meta-analysis evidence sup-
ports the benefits of non-surgical multidisciplinary man-
agement for LBP in the long term, not all patients
benefit and treatment effects may be modest [3, 5]. Ob-
vious advantages exist in the early identification of pa-
tient characteristics that may be associated with a poor
response to non-surgical multidisciplinary management.
Firstly this knowledge may facilitate a more tailored
management approach for patients with these identified
characteristics, and secondly, their response to manage-
ment may be more closely monitored to facilitate timely
referral if no benefits are observed.
The identification of patient characteristics associated

with an intervention response needs to be specific to the
patient population, health service setting, and interven-
tion type, of interest. Extrapolating findings to patients
with LBP regarding their likely response to an interven-
tion is potentially misleading if based on studies con-
ducted in a different health setting (eg. primary versus
tertiary), where marked variation in patient demograph-
ics, level of disability, and intervention content may exist
[6]. There is limited literature reporting patient charac-
teristics associated with a poor response to non-surgical
multidisciplinary management of LBP specifically deliv-
ered in tertiary care settings. Studies in LBP have tended
to explore risk factors with regards to the transition to
chronicity [7–9], delayed recovery [10], and treatment
response to single or combined interventions (eg. acu-
puncture, manipulation, exercise, cognitive behavioural
therapy) [11].

We previously published a retrospective audit of medical re-
cords investigating patient characteristics associated with a
poor response to non-surgical multidisciplinary management
of chronic LBP [6]. The audit was conducted within an ad-
vanced practice physiotherapist-led multidisciplinary ortho-
paedic service (referred herein as the ‘service’) embedded in
multiple tertiary hospital facilities. Patients had been referred
to these tertiary hospitals for medical specialist opinion but on
initial triage were deemed appropriate for a trial of non-
surgical multidisciplinary management within the service. The
service at each facility employs experienced musculoskeletal
physiotherapists (service leader) with appropriate postgraduate
qualifications (eg. Masters in Musculoskeletal Physiotherapy)
who assesses the patient and coordinates their care [2]. The
non-surgical management is patient-centred and multidiscip-
linary conducted by registered health professionals (as re-
quired; physiotherapy, occupational therapy, dietetics, and/or
psychology) with an emphasis on progression from supported
to non-supported self-management to pragmatically address
the mix of biopsychosocial factors potentially underlying LBP
[3, 4]. Our audit showed that patients managed within the ser-
vice for LBP who had low pain self-efficacy and coexisting cer-
vical or thorax pain at the initial consultation were at greater
odds of experiencing a poor response to management [6].
However, there were marked limitations of this study due its
retrospective nature and limited patient characteristics evalu-
ated (demographic, general health, quality of life, psycho-
logical, symptom characteristics, functional level, prior
management, radiological findings) largely due to a lack of
standardised recording within medical records [6].
The purpose of this prospective longitudinal study was to

further explore patient characteristics associated with a poor
response to non-surgical management of LBP specific to the
same advanced practice physiotherapist-led multidisciplinary
orthopaedic service. In particular this prospective study was
able to incorporate a broader selection of patient characteris-
tics within each category (demographic and social, general
and global health, psychological, condition specific signs and
symptoms (including physical and radiological)) using stan-
dardised recording compared to the previous study [6].

Methods
Study design
This prospective longitudinal study was conducted
across 8 tertiary public hospital facilities. The study
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explored the relationship between patient characteristics
recorded at the initial examination conducted by the ser-
vice leader (21 service leaders across eight facilities) and a
poor response to non-surgical multidisciplinary manage-
ment of LBP. The approach to identify patient characteris-
tics associated with a poor response to management as a
clinical priority is consistent with our previous study [6].
Multisite ethical approval was received from the Institu-
tional Medical Research Ethics Committee (HREC/13/
QRBW/80) for the project as well as site specific approval
from each of the participating hospitals. This manuscript
follows STROBE reporting guidelines [12].

Participants
All participants were recruited within the service at par-
ticipating hospitals between January 2014 to December
2016 with follow-up completed in July 2017. Potential par-
ticipants had been triaged from specialist neurosurgical
and orthopaedic outpatient waiting lists by the medical
consultant and/or service leader to undergo non-surgical
management of their LBP within the service. At the initial
examination the service leader further screened the par-
ticipant for study eligibility. Participants were included
based on reported LBP which could include pain, muscle
tension or stiffness localised below the costal margin and
above the inferior gluteal folds, with or without leg pain
[13]. Participants were excluded if they presented with a
potentially serious medical condition (red flags), signs of
central nervous system involvement such as cord or cauda
equina signs (eg. positive Babinski or clonus), an active in-
flammatory condition (e.g. Ankylosing spondylitis,
Rheumatoid Arthritis), current fractures, back pain of hip
origin, severe symptoms likely to be aggravated by therap-
ies, significant or unstable neurovascular involvement, or
if the referring medical practitioner or patient specifically
requested specialist medical consultation.

Sample size estimation
It was estimated that 224 cases should be the target
sample size for analysis. This was based on an expected
50% non-responder rate [6], and assumed i) the inclu-
sion of up to 7 explanatory variables in a final multivari-
able (logistic family) model and ii) n = 16 poor
responders per variable, which may be considered more
conservative than required based on prior simulations
[14]. To account for up to 15% drop out, it was esti-
mated that a minimum target of 264 participants were
to be recruited for this study.

Criteria for a poor response to outcome (dependent
variable)
Patients rated their overall perception of change since
beginning treatment on a 15-point Global Rating of
Change (GROC) scale [15–17]. Specifically patients were

asked “With respect to your low back condition, how
would you describe yourself now compared to 6 months
ago when you entered the study?” Responses were
dichotomised as either poor (scores between − 7 (A very
great deal worse) and + 1 (Almost the same, hardly any
better at all)) or positive (scores between + 2 (A little
better) and + 7 (a very great deal better)) to account for
the generally high severity of LBP presentations seen
within this speciality tertiary service. Specifically scores
between − 7 and + 1 represented worsening or negligible
change in the disorder, and therefore were considered a
poor response. The GROC was assessed at 6 months fol-
lowing entry to the service consistent with our previous
study, considered as a conservative timeframe to evalu-
ate impact of management in this service [6].

Potential explanatory variables (independent variables)
Patient characteristics evaluated for their association
with outcome were recorded at the initial consultation
with the service leader. Service leaders were engaged in
the selection of these variables as they were obtained
from routine demographic, social and clinical informa-
tion from the patient interview, self-report question-
naires capturing condition specific as well as general
health and psychological information, as well as informa-
tion gained from standardised physical tests recorded by
the service leader who conducted physical assessments,
and reviewed radiological imaging findings. Selection of
measures was therefore pragmatic to incorporate mea-
sures already collected and considered important by the
service using instruments (eg. questionnaires, goniome-
ters) accessible across all service facilities, while also en-
suring relevant information was captured within the
biopsychosocial context of LBP [3, 4]. They were classi-
fied under one of four categories outlined below (as
listed in Table 1) and include:

1 Demographic and social measures including – Age
(years), gender (male/female), english first language
(yes/no), education level (yes/no; school incomplete,
completed secondary school, completed Technical
and Further Education (TAFE)/Trade/ University),
work status (yes/no; employed (full or part-time),
unemployed, retired), marital status (yes/no; mar-
ried/defacto, single), dependents (yes/no).

2 General and global health measures including –
Body Mass Index (kilogram/meters2), disability
benefits (yes/no), smoking status (yes/no),
comorbidities (number/18 listed conditions), total
body pain areas (number/18 segmented body chart),
health related quality of life (utility score/1, higher
scores indicate higher quality of life) measured with
the Assessment of Quality of Life questionnaire
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Table 1 Means (± standard deviation) (normally distributed continuous data), medians (IQR) (non-normally distributed continuous
data) and row participant percentages (n) (categorical data) for the independent variables grouped for participants dichotomised as
a poor response (GROC ≤ + 1) or a positive response (GROC ≥ + 2) to the non-surgical multidisciplinary management of LBP. OR’s
reflect either an increased (OR > 1) or decreased (OR < 1) odds of a poor response associated with higher scores (continuous
measures expressed as a 1 unit increase in measure) or presence of patient characteristics (categorical measures)

Variables Poor Response (n =
79)

Positive Response (n =
99)

Unadjusted OR (95% Confidence
Intervals)

P-
Value

Demographic and Social Measures

Age (years) 53.61 ± 14.39 53.74 ± 16 1 (0.98–1.02) 0.96

Gender (% male (n)) 50.5% (48) 49.5% (47) 1.71 (0.94–3.12) 0.08*

English First Language (% yes (n)) 43.5% (70) 56.5% (91) 0.68 (0.25–1.86) 0.46

Highest Level of Education

Completed Tafe/Trade/ University (% yes
(n))

30% (23) 70% (53) Referent

Completed Secondary School (% yes (n)) 53% (16) 47% (14) 2.63 (1.11–6.28) 0.03*

School Incomplete (% yes (n)) 58% (37) 42% (27) 3.16 (1.58–6.34) 0.001*

Work Status

Employed (% yes (n)) 36% (29) 64% (52) Referent

Unemployed (% yes (n)) 58% (14) 42% (10) 2.51 (0.99–6.36) 0.05*

Retired (% yes (n)) 45% (26) 55% (32) 1.46 (0.73–2.9) 0.28

Married/Defacto Relationship (% yes (n)) 43% (44) 57% (59) 0.88 (0.48–1.6) 0.67

Dependents (% yes (n)) 43% (21) 57% (28) 0.92 (0.47–1.78) 0.8

General and Global Health Measures

Body Mass Index (kilogram/meters2) 30.61 ± 7.78 30.52 ± 7.11 1 (0.96–1.05) 0.94

Disability Benefits (% yes (n)) 66% (21) 34% (11) 2.95 (1.32–6.57) 0.008*

Smoking Status (% yes (n)) 56% (27) 44% (21) 1.9 (0.97–3.72) 0.06*

Comorbidities (number) 2 (1–3) 1 (1–2) 1.03 (0.87–1.23) 0.72

Total Body Pain Areas (number/18 body
regions)

5 (3–8) 5 (3–7) 1.02 (0.94–1.12) 0.64

Quality of Life (utility score/1) 0.54 (0.4–0.68) 0.65 (0.49–0.79) 0.11 (0.02–0.54) 0.007*

Psychological Measures

DASS-21

Depression Score (score/42) 10 (4–24) 8 (4–18) 1.02 (0.99–1.05) 0.14

Anxiety Score (score/42) 8 (3–15) 6 (0–12) 1.02 (0.99–1.06) 0.23

Stress Score (score/42) 12 (4–25) 12 (5–18) 1.02 (0.99–1.05) 0.23

Pain Self-Efficacy Questionnaire (score/60) 27.26 ± 13.65 32.2 ± 13.84 0.97 (0.95–1) 0.03*

ÖMPSQ (score/100) 62.99 ± 14.31 55.16 ± 14.91 1.04 (1.02–1.06) 0.001*

Patient Expectations of Benefit (score/10) 5.8 ± 2.58 6.26 ± 2.78 0.94 (0.84–1.05) 0.27

Condition Specific Symptoms and Signs

Oswestry Disability Index (score/100) 46.1 ± 15.69 37.43 ± 15.16 1.04 (1.01–1.06) 0.001*

Patient Specific Functional Scale (score/10) 4.03 ± 1.77 4.29 ± 1.77 0.92 (0.76–1.11) 0.39

S-LANSS Pain Score (%≥ 12 points (n)) 49% (35) 51% (37) 1.35 (0.74–2.48) 0.33

Symptom Duration (% > 12 months (n)) 49% (66) 51% (68) 2.35 (1.1–4.98) 0.03*

Traumatic Onset (% yes (n)) 49% (31) 51% (33) 1.44 (0.77–2.71) 0.25

Previous Surgery (% yes (n)) 47% (7) 53% (8) 1.1 (0.38–3.18) 0.86

Symptom Distribution

Thorax and/or Cervical Spine Pain (% yes
(n))

46% (41) 54% (48) 1.15 (0.63–2.07) 0.65
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Table 1 Means (± standard deviation) (normally distributed continuous data), medians (IQR) (non-normally distributed continuous
data) and row participant percentages (n) (categorical data) for the independent variables grouped for participants dichotomised as
a poor response (GROC ≤ + 1) or a positive response (GROC ≥ + 2) to the non-surgical multidisciplinary management of LBP. OR’s
reflect either an increased (OR > 1) or decreased (OR < 1) odds of a poor response associated with higher scores (continuous
measures expressed as a 1 unit increase in measure) or presence of patient characteristics (categorical measures) (Continued)

Variables Poor Response (n =
79)

Positive Response (n =
99)

Unadjusted OR (95% Confidence
Intervals)

P-
Value

Bilateral Low Back Pain (% yes (n)) 48% (57) 52% (62) 1.65 (0.86–3.18) 0.13

Leg Pain (% yes (n)) 45% (58) 55% (71) 1.16 (0.59–2.3) 0.67

Leg Paraesthesia/Anaesthesia (% yes (n)) 49% (40) 51% (41) 1.5 (0.82–2.74) 0.18

Physical Findings

Lumbar Extension Range (°) 18.92 ± 12.12 20.55 ± 10.91 0.99 (0.96–1.01) 0.36

Lumbar Flexion Range (°) 63.3 ± 26.33 68.52 ± 23.26 0.99 (0.98–1) 0.17

Nerve Conduction (% positive pattern (n)) 38% (16) 62% (26) 0.71 (0.34–1.48) 0.37

Nerve Mechanosensitivity (% yes (n)) 42% (36) 58% (49) 0.92 (0.51–1.68) 0.79

Radiological Findings (all OR’s calculated relative to reference of no abnormality reported on imaging)

Lumbar Single Level Degenerative Change

Absent (% yes (n)) 43% (55) 57% (72) Referent

Mild (% yes (n)) 62% (8) 38% (5) 2.09 (0.65–6.76) 0.22

Moderate (% yes (n)) 32% (6) 68% (13) 0.6 (0.22–1.69) 0.34

Severe (% yes (n)) 46% (5) 54% (6) 1.09 (0.32–3.76) 0.89

Lumbar Multilevel Degenerative Change

Absent (% yes (n)) 47% (24) 53% (27) Referent

Mild (% yes (n)) 43% (12) 57% (16) 0.84 (0.33–2.14) 0.72

Moderate (% yes (n)) 40% (26) 60% (39) 0.75 (0.36–1.57) 0.45

Severe (% yes (n)) 48% (13) 52% (14) 1.04 (0.41–2.66) 0.93

Central Canal Stenosis

Absent (% yes (n)) 45% (53) 55% (65) Referent

Mild (% yes (n)) 38% (8) 62% (13) 0.75 (0.29–1.96) 0.56

Moderate (% yes (n)) 48% (9) 52% (10) 1.1 (0.42–2.91) 0.84

Severe (% yes (n)) 39% (5) 61% (8) 0.77 (0.24–2.48) 0.66

Foraminal Stenosis

Absent (% yes (n)) 39% (43) 61% (68) Referent

Mild (% yes (n)) 46% (6) 54% (7) 1.36 (0.43–4.30) 0.61

Moderate (% yes (n)) 53% (17) 47% (15) 1.79 (0.81–3.96) 0.15

Severe (% yes (n)) 60% (9) 40% (6) 2.37 (0.79–7.14) 0.12

Lateral Stenosis

Absent (% yes (n)) 44% (56) 56% (70) Referent

Mild (% yes (n)) 40% (6) 60% (9) 0.83 (0.28–2.48) 0.74

Moderate (% yes (n)) 38% (8) 62% (13) 0.77 (0.3–1.99) 0.59

Severe (% yes (n)) 56% (5) 44% (4) 1.56 (0.4–6.09) 0.52

Disc Pathology (% yes (n)) 42% (57) 58% (79) 0.68 (0.32–1.44) 0.31

Vertebral Body Pathology (% yes (n)) 59% (13) 41% (9) 2.03 (0.82–5.04) 0.13

Zygopophyseal Joint Pathology (% yes (n)) 42% (39) 58% (54) 0.84 (0.46–1.55) 0.58
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(AQoL – 6D) that has acceptable validity and
reliability [18].

3 Psychological measures included – General
psychological distress was evaluated with the
Depression, Anxiety and Stress Scale (DASS-21)
with each of the three dimensions of depression
(score/42), anxiety (score/42), and stress (score/42)
scored (higher scores indicate higher psychological
distress) separately, shown to have favourable
measurement reliability and construct validity [19].
Pain related psychological measures included the
Pain Self-Efficacy Questionnaire (score/60, higher
scores indicate greater self-efficacy) assessing the
participants’ confidence in performing activities (eg.
household chores, socialising, work) despite their
pain [20] which has acceptable reliability and valid-
ity [21], and the Örebro Musculoskeletal Pain
Screening Questionnaire (ÖMPSQ - short) used to
identify yellow flags (eg. distress, fear avoidance be-
liefs) and risk of pain related work disability (score/
100, higher scores indicate a more severe presenta-
tion) with acceptable reliability and validity [22, 23].
A measure of the patient’s expectations of benefit
(score/10, higher scores indicate higher expectations
of benefit) from the non-surgical management ap-
proach was also taken using a visual analogue scale
anchored by the terms “No benefit” and “Extreme
benefit”.

4 Condition specific symptoms and signs included –
The patients’ self-reported level of back disability
(score/100, higher scores indicate more severe dis-
ability) was evaluated with the Oswestry Disability
Index (ODI) which has been shown to have accept-
able reliability and validity [24]. This index is used
to quantify disability for low back pain and contains
items concerning pain intensity and function (eg.
lifting, self-care) [25]. Participant nominated func-
tional deficits were evaluated with the Patient Spe-
cific Functional Scale (score/10, higher scores

indicate better function) which has acceptable reli-
ability and validity in low back pain conditions [26,
27]. The potential presence of neuropathic pain was
evaluated with the Leeds Assessment of Neuro-
pathic Symptoms and Signs (S-LANSS) pain scale
shown to be valid and reliable self-report instru-
ment for indicating the potential presence of pre-
dominantly neuropathic pain (yes/no, score of ≥12
points) [28]. Other self-reported information re-
garding the condition included; symptom duration
(yes/no; > 12 months), traumatic onset (yes/no),
previous orthopaedic surgery for the same condition
(yes/no), and symptom distribution including coex-
isting thorax and/or cervical spine pain (yes/no), bi-
lateral (as opposed to unilateral) low back pain (yes/
no), and the presence of leg pain (yes/no) and or leg
anaesthesia/paraesthesia (yes/no).

Physical examination measures conducted by the ad-
vanced musculoskeletal physiotherapist were also re-
corded. Lumbar spine mobility included lumbar flexion
and extension range of motion (°) measured with an in-
clinometer [29, 30]. Clinical assessment of lower limb
nerve conduction (reflexes, muscle power, light touch
sensation) was undertaken and clinicians were asked to
identify if, in their clinical judgement, the test results
were consistent with a recognised pathoanatomical (ra-
dicular) pattern of nerve compromise (yes/no). A meas-
ure of nerve mechanosensitivity was also recorded
during a straight leg raise (both lower limbs evaluated).
The test was rated as positive (yes/no) if symptoms
evoked by the straight leg raise could be altered with
sensitisation manoeuvres remote to the area of pain (ie
structural differentiation) [31–33] which has been shown
to have moderate to substantial inter-rater agreement
(kappa 0.49–0.8) [34, 35].
Available radiological reports (X-Ray, MRI, CT) or

radiological findings documented in the medical notes
by a medical consultant, were reviewed and relevant

Table 1 Means (± standard deviation) (normally distributed continuous data), medians (IQR) (non-normally distributed continuous
data) and row participant percentages (n) (categorical data) for the independent variables grouped for participants dichotomised as
a poor response (GROC ≤ + 1) or a positive response (GROC ≥ + 2) to the non-surgical multidisciplinary management of LBP. OR’s
reflect either an increased (OR > 1) or decreased (OR < 1) odds of a poor response associated with higher scores (continuous
measures expressed as a 1 unit increase in measure) or presence of patient characteristics (categorical measures) (Continued)

Variables Poor Response (n =
79)

Positive Response (n =
99)

Unadjusted OR (95% Confidence
Intervals)

P-
Value

Spondylolysis (% yes (n)) 41% (7) 59% (10) 0.88 (0.32–2.42) 0.8

Spondylolisthesis (% yes (n)) 55% (22) 45% (18) 1.8 (0.88–3.67) 0.11

Nerve Comprise (% yes (n)) 39% (37) 61% (59) 0.61 (0.33–1.13) 0.11

Radiology Findings - Poor Prognosis (% yes
(n))

44% (24) 56% (30) 1.04 (0.54–2.01) 0.9

*denotes variables with a univariate relationship (p ≤ 0.1) with a poor response in outcome that were considered for the final analysis. DASS-21 Depression,
Anxiety and Stress Scale, ÖMPSQ – short Örebro Musculoskeletal Pain Screening Questionnaire, S-LANSS Leeds Assessment of Neuropathic Symptoms and Signs
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findings recorded regarding; the presence and severity (ab-
sent, mild, moderate, severe) of lumbar single or multi-
level degenerative change, central canal stenosis,
foraminal or lateral stenosis. Recordings were also made
as to the reported presence (yes/no) of; disc pathology,
vertebral body pathology, zygopophyseal joint pathology,
spondylolysis, spondylolisthesis, or nerve comprise. Clini-
cians were also asked to judge if they considered the
radiological findings to be suggestive of a poor prognosis
(yes/no). Relevance of the imaging with regard to how re-
cently it was taken was at the service leader’s discretion.

Procedure
Following screening with the service leader eligible partici-
pants were invited to participate and provided informed
consent. Consented participants then completed an initial
examination during which all explanatory variable mea-
sures were collated. This included collection of forms con-
taining demographic information as well as the self-report
questionnaires (that had been pre-mailed and completed
by patients prior to the initial session as is the standard
procedure in these clinics), as well as the relevant mea-
sures recorded during the patient interview and physical
examination. To ensure measures were collated in a stan-
dardised manner all service leaders collecting measures
across sites were provided with a training manual and a
training session before the commencement of the study.
Additional training was provided to any clinical leaders if
requested. The collection of baseline variables was facili-
tated by a designated study research officer who worked
in conjunction with the services at each site.
Participants then underwent non-surgical patient-centred

multidisciplinary (as required; physiotherapy, occupational
therapy, dietetics, and/or psychology) management within
the service at the respective facilities. Each patient’s manage-
ment (duration of management period, disciplines consulted,
interventions (eg. education/advice, lifestyle modification,
dietary modifications, exercise prescription, manual therapy)
was pragmatically based on the initial examination findings
of the clinical leader and the clinical discretion of the in-
volved discipline-specific treatment providers who were all
registered health professionals. At 6months following entry
to the study, the research officer mailed the GROC measure
to the participants, with further contact made by phone (2–3
attempts) as necessary to ensure the outcomes were
returned. This 6month follow up measure was performed
independently of the clinical service at all sites. Participants
may or may not have been still receiving management within
the service at this time point, which was at the discretion of
the respective services.

Statistical analysis
Analyses were conducted using Stata 13 (StataCorp.
2013. Stata Statistical Software: Release 13. College

Station, TX: StataCorp LP.). Participant characteristics
and outcomes were described using conventional de-
scriptive statistics with mean (SD) for normally distrib-
uted data, median (IQR) for non-normally distributed
data, and number (%) for categorical data. Generalised
linear models with binomial family and logit link with
site as a random effect were used to examine the associ-
ation between potential explanatory variables, with pa-
tients being classified as either having a poor response
(GROC score ≤ + 1) or positive response (GROC score +
2 − + 7) to multi-disciplinary non-surgical management
in this sample. To select the most appropriate explana-
tory variables to carry forward to a multivariable model,
univariate analyses were initially conducted and an un-
adjusted Odds Ratio (95% confidence interval) was cal-
culated for each variable. To identify the most
parsimonious selection of explanatory variables associ-
ated with a poor response, only explanatory variables
that displayed a univariate relationship of p ≤ 0.1 with
the reference score (GROC score ≤ + 1) were considered
for the multivariable analyses [36]. Eligible variables
were then further screened as to their relative level of
potential clinical impact and priority to take to the final
model. This was particularly the case if multiple vari-
ables from a similar domain (eg. psychological measures,
physical measures) were eligible. Potential multi-
collinearity issues between eligible explanatory variables
were then evaluated with a Spearman’s rho (rs) correl-
ational coefficient as it is appropriate for both continu-
ous and discrete ordinal variables [37]. If variables were
shown to have significant moderate (rs = 0.4–0.6) or
strong (rs = 0.7–0.9) correlations [38, 39], only one vari-
able was selected (investigator’s choice based on clinical
reasoning) to be carried forward for the final model.
After accounting for potential non-independence associ-
ated with site by including site as a random effect, and
the aforementioned variable selection process to avoid
multi-collinearity, we did not detect any breaches of
model assumptions in the final model. The c-statistic
was also calculated for the final model. Additionally in
the final model findings for the ODI were expressed as
per 10 points (of the 100 point scale) for ease of inter-
pretation. To ensure findings were robust against this
variable selection process which included investigator
judgement, any correlated variables that were not se-
lected were substituted into the multivariable analysis in
place of the selected variable as sensitivity analyses to
determine if findings were impacted by the choice of in-
cluded variable.

Results
The flow of participants through the study is depicted in
Fig. 1. A total of 346 patients were initially deemed eli-
gible following screening and invited to participate. Of
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these 249 participants completed written consent forms
and baselines measures. At the 6 month follow up period
GROC measures were received from 178 participants,
representing a 28.5% drop out rate.
For the 178 patients who completed the 6 month fol-

low up GROC measure, the median (IQR) GROC score
was + 2 (0 to + 4) with the range of scores from − 6 to +
7. Overall, 79 of the 178 (44.4%) patients who had com-
pleted the 6 month follow up GROC measure fitted the
criteria as a non-responder.
The characteristics of participants classified as non-

responders or responders is described in Table 1.
Ten potential explanatory variables demonstrated a

significant univariate relationship (p ≤ 0.1) with a poor
response to non-surgical management of LBP as shown
in Table 1.
Of the 10 variables, 7 were retained in the final multi-

variable model. Specifically, the QOL, PSEQ and
ÖMPSQ measures were found to be strongly correlated
with the ODI (rs = 0.6–0.7, p < 0.001). The ODI was
retained based on likely clinical relevance as a widely
used measure of pain related disability in LBP disorders
(investigators’ judgement). In addition, when these ex-
cluded variables (PSEQ, QOL, ÖMPSQ) were
substituted into the multivariable as sensitivity analyses,
findings were generally consistent with the final model
although with a poorer model fit [40] (not presented).
Variables retained in the final model observed to be

predictive of a poor response to the non-surgical man-
agement of LBP are shown in Table 2. These variables
included; 1/ lower patient Formal Education Level with
the OR (2.67 (95%CI 1.17–6.09), p = 0.02) indicating that

participants who did not complete school (School In-
complete) were at greater odds of a poor response than
those who ‘Completed TAFE/Trade/ University’; and 2/
higher self-reported back disability (ODI) with the OR
1.33 (95%CI 1.01–1.77) per 10/100 point score increase,
p = 0.046) indicating the odds of a poor response were
higher among those reporting higher back disability on
this index. The service site was not a significant factor in
the model. Exploratory tests (independent t-test and chi-
square) suggested that those who completed their out-
come measures at follow-up were not different to those
who did not on the basis of the significant variables of
back disability level (ODI, p = 0.27) and level of highest
education (p = 0.15).

Discussion
Patient characteristics increasing the odds of a poor re-
sponse to non-surgical multidisciplinary management of
LBP were explored within an advanced practice
physiotherapist-led multidisciplinary orthopaedic tertiary
care service. Those reporting a more severely disabling LBP
condition and a low formal level of education (school not
completed) at their initial service consultation were at
greater odds of not responding favourably. However the
relative width and approximation to 1 of the lower bound-
ary of the odds ratios for these characteristics (see Table 2)
indicate their impact on outcome has a range of uncer-
tainty. Therefore the presence of these characteristics in in-
dividuals with LBP does not negate their participation in a
trial of this form of management. Instead these patients
may require a more targeted supported approach to man-
agement and more diligent monitoring of outcomes to en-
sure timely referral to an alternative care pathway if
progress is inadequate.
Lower levels of education have been strongly linked to

poor health outcomes [41–43] including a poorer re-
sponse to interventions for LBP [11, 44, 45]. While the
link between a lower level of education and poorer re-
sponse to pragmatic, multidisciplinary, non-surgical
management observed in this study is most likely com-
plex, it may relate to the patient’s level of health literacy
[46, 47]. Health literacy refers to an individual’s capacity
to seek, understand, and use health information [48].
Health literacy has been reported as a potential mechan-
ism explaining the relationship between a low level of
education and poor health [46]. Poorer health literacy is
reported to negatively influence disability, and present
barriers to positive health behaviours in some with
chronic LBP [47, 49]. However it should be acknowl-
edged that no formal measure of health literacy was
evaluated in this study. Therefore this inferred relation-
ship between low education level and low health literacy
although supported by the literature [46] is speculative
in this study.

Fig. 1 Flow diagram of the study
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The observed relationship between a higher initial re-
ported back disability level and poor response to manage-
ment is testament to the need for studies to be specific to
LBP patient populations, healthcare settings, and interven-
tions. These findings are in contrast to previous studies in-
vestigating treatment response to unimodal interventions
(acupuncture, manipulation) for LBP in primary care,
identifying those with higher disability being more likely
to achieve a better response [11, 44, 50, 51]. While a
greater level of pain related disability at the initial consult-
ation may represent greater numerical potential for im-
provement, a severe level of self-reported disability as
evident in the poor responders group (average ODI score
of 46.1%) in this study may reflect a certain threshold of
severity beyond which attaining benefit in response to
multidisciplinary non-surgical management is more chal-
lenging. This notion is supported in this sample of pa-
tients in Table 1 showing potential explanatory variables
with a univariate relationship with outcome. Here higher
self-reported back disability was strongly related (rs = 0.6–
0.7) to more severe psychological (lower PSEQ score,
higher ÖMPSQ score) and general/global health (lower
QOL score) features (not included in the final model due
to collinearity issues). Collectively this may reflect a more
severe and potentially more multifactorial LBP condition
being more challenging to positively benefit, even in re-
sponse to a multidisciplinary program designed to prag-
matically address the mix of biopsychosocial factors
potentially underlying a patient’s LBP presentation [3, 4].

There were consistencies and inconsistencies in the
findings with previous literature. In contrast to our pre-
vious study in the same health service [6] the presence
of coexisting cervical and/or thorax pain was not associ-
ated with a poor response. Similarly patient expectations
concerning treatment benefit was not related to a poorer
outcome in contrast to previous studies in LBP and
other chronic pain conditions [52, 53]. Consistent with
previous literature was an absence of relationship be-
tween patient reported outcome and physical measures
[54]. Similarly, there was no apparent association be-
tween radiological findings and outcome consistent with
previous literature in LBP [55–58]. Potentially inconsist-
encies in findings between studies may reflect service
and/or methodological differences between studies.
More likely though discrepancies between studies attests
to the multidimensional nature of LBP [58], supported
by the observed low numbers, and relatively modest as-
sociation coefficients, of explanatory variables showing a
relationship with outcome in this study. Overall it would
appear that marked variability of LBP presentations seen
within these tertiary care settings presents challenges in
accurately identifying those at risk of a poor response.
The findings have both clinical and future research im-

plications. Reflecting on the significant impact of educa-
tion level on outcome, potentially critical inroads to
effective patient care may be being missed by inadequate
consideration of health literacy. It is estimated that 60%
of adult Australians may have low individual health

Table 2 Final model showing patient characteristics demonstrating a relationship with reporting a poor response (GROC ≤ + 1) to
the non-surgical multidisciplinary management of LBP. Specifically, not having completed school (compared to having completed
Tafe/Trade/University) and a higher Oswestry Disability Index (ODI) score significantly increased the odds of a poor response (OR > 1)

Variables Adjusted OR (95% Confidence Intervals) P- Value

Demographic and Social Measures

Gender (male) 1.53 (0.69–3.36) 0.29

Highest Level of Education

Completed Tafe/Trade/ University (yes) Referent

Completed Secondary School (yes) 2.16 (0.73–6.38) 0.16

School Incomplete (yes) 2.67 (1.17–6.09) 0.02

Work Status

Employed (yes) Referent

Unemployed (yes) 1.34 (0.42–4.27) 0.62

Retired (yes) 1.03 (0.44–2.4) 0.94

General and Global Health Measures

Disability Benefits (yes) 1.52 (0.49–4.73) 0.47

Smoking Status (yes) 1.37 (0.57–3.28) 0.48

Condition Specific Symptoms and Signs

ODI (per 10/100 points increase in score) 1.33 (1.01–1.77) 0.046

Symptom Duration (yes, > 12months) 2.09 (0.79–5.53) 0.14

GROC Global Rating of Change, model C-Statistic (95%) = 0.72 (0.64–0.81)

O’Leary et al. BMC Musculoskeletal Disorders          (2020) 21:807 Page 9 of 12



literacy skills [59] which is a similar metric to other
countries [60]. Some patients with a lower level of for-
mal education may require additional self-management
support initiatives to improve their capacity to under-
stand and use health information [49]. In fact recent lit-
erature recommends clinicians self-evaluate health
literacy strategies within their service with a focus on
how information is presented to patients [61]. Suggested
strategies to facilitate health literacy include simplifying
the focus of consultations and provided information,
avoiding medical jargon, and assessing patient compre-
hension of information [60, 62]. While these may be use-
ful strategies, health literacy is a complex topic beyond
the scope of this paper and is addressed more compre-
hensively in other literature [60, 63]. Health literacy was
also not measured specifically in this study. Future stud-
ies will need to specifically evaluate the relationship be-
tween health literacy skills and outcome within this
service, as well as evaluate the impact of implemented
health literacy enhancement strategies [61] on outcomes
within the service.

Limitations
Sample size was a limitation of this study potentially
impacting findings. While participants completing base-
line assessments fell only marginally short of the pro-
jected required sample size (249/264) (funding
limitations prevented further recruitment), loss to
follow-up was larger than anticipated (28.5%). In this
context, it is important to consider the odds ratios and
confidence intervals in the context of this sample size
limitation. For example, despite the inability to detect a
statistically significant association in the final model in
this sample for the symptom duration of greater than 12
months (p = 0.14) variable, the odds ratio point estimate
(OR = 2.09) and 95% confidence intervals (0.79–5.53) in-
dicate it was possible that findings of this nature could
be a false negative and further investigation (or meta-
analyses) are perhaps warranted in this context. It is also
possible that differences in LBP characteristics and man-
agement response may have existed between participants
who did and did not provide the 6 month outcome mea-
sures, however they did not differ at baseline in the vari-
ables shown to be significant in the final model (ie.
disability level (ODI) or level of highest education (p >
0.14)). Findings are also most directly relevant to pa-
tients with LBP managed within these tertiary care set-
tings and may not directly apply to other LBP
populations managed, for example, in primary care. The
patients in this study managed in tertiary care are poten-
tially typically older (average (SD) age 53.69 ± 15.31)
years) and more severely disabled (average (SD) ODI
41.13 ± 15.93 points/100) than the general LBP popula-
tion who may have different characteristics affecting

management outcomes. Findings may also be specific to
the patient characteristics recorded and outcome used
(ie GROC measure) which may have limitations such as
recall bias [64].
Findings also may only be relevant to the nature of the

multidisciplinary service included in this study. Varied
characteristics of different multidisciplinary programs
such as contact time, program philosophy, nature and
intensity of program components, and experience and
skill of involved clinicians are considered to impact a
programs efficacy [3]. The potential clinical meaningful-
ness of the study findings is however strengthened by
collection of data across multiple sites. Measures used
were also simple and could be standardly applied be-
tween sites and clinicians, enhanced by prior training.
With the number of clinicians collecting measures
across sites however, we are unable to be sure that some
variation in measurements existed contributing to po-
tential measurement error.

Conclusions
Patients presenting with LBP to advanced practice
physiotherapist-led multidisciplinary orthopaedic ser-
vices in tertiary care may be at greater odds of a poor re-
sponse to non-surgical multidisciplinary management if
they have a low level of formal education, and at the ini-
tial consultation report high levels of pain related back
disability. Potentially patients with these characteristics
may need a more supported approach to management
such as an evaluation and enhancement of their health
literacy skills, though this needs further investigation
within this service and patient population. Clinical out-
comes in patients with these characteristics may also
need to be more closely monitored so as to avoid unpro-
ductive management. While the findings of this study
may be of interest to clinicians managing LBP in the
general population, findings are most likely directly rele-
vant to patients managed in comparable tertiary care
settings.

Abbreviations
LBP: Low Back Pain; OR: Odds Ratio; ODI: Oswestry Disability Index;
GROC: Global Rating of Change

Acknowledgements
The investigators would like to thank the Neurosurgery and Orthopaedic
Physiotherapy Screening Clinic and Multidisciplinary Services Clinical Leaders
and Administration Officers, as well as the Physiotherapy Departments at the
participating hospital sites; Cairns Base Hospital, Gold Coast Hospital, Logan
Hospital, Nambour Hospital, Princess Alexandra Hospital, Royal Brisbane and
Women’s Hospital, Townsville Hospital, and Redcliffe Hospital.

Authors’ contributions
SOL, MR, PSK, TC, MC, AK, BV, SM contributed to the study design and
preparation, data collection planning and process, data analysis and
interpretation. PW, PSK, DL, LG, RT, BP, WOS, AW, AS, SP, LP, RM, DT, IS, DW,
DM, BD, VP, and LP contributed to the planning and undertaking of data
collection. All authors contributed to and approved the final manuscript
preparation.

O’Leary et al. BMC Musculoskeletal Disorders          (2020) 21:807 Page 10 of 12



Funding
This study was funded by a Royal Brisbane and Women’s Hospital Research
Project Grant. This funding body had no role in the design of the study and
collection, analysis, and interpretation of data and in writing the manuscript.
SMM is supported by an NHMRC administered fellowship (#1161138).

Availability of data and materials
The dataset from this study is not publicly available due to the data having
been collated from multiple hospital health services each with individual
data custodians that require further approval for access. Please contact
corresponding author (s.oleary@uq.edu.au) regarding any data requests.

Ethics approval and consent to participate
This project received multisite ethical approval from the Royal Brisbane and
Women’s Hospital Medical Research Ethics Committee (HREC/13/QRBW/80).
Subsequent site specific approval was then gained from each participating
hospital site. Informed written consent was obtained from all study
participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1School of Health and Rehabilitation Sciences, University of Queensland,
Brisbane, Australia. 2Physiotherapy Department, Royal Brisbane and Women’s
Hospital, Brisbane, Australia. 3Physiotherapy Department, Townsville Hospital,
Townsville, Australia. 4Physiotherapy Department, Cairns Hospital, Cairns,
Australia. 5Physiotherapy Department, Princess Alexandra Hospital, Brisbane,
Australia. 6Physiotherapy Department, Nambour Hospital, Nambour, Australia.
7Physiotherapy Department, Redcliffe Hospital, Redcliffe, Australia.
8Physiotherapy Department, Gold Coast Hospital, Gold Coast, Australia.
9Physiotherapy, Faculty of Health Sciences & Medicine, Bond Institute of
Health and Sport, Bond University, Robina, Australia. 10Physiotherapy
Department, Logan Hospital, Logan, Australia. 11Centre for Health Services
Research, University of Queensland, Brisbane, Australia. 12Clinical Informatics
Directorate, Metro South Hospital and Health Service, Brisbane, Australia.
13Australian Centre for Health Services Innovation & Centre for Healthcare
Transformation, School of Public Health & Social Work, Queensland University
of Technology, Brisbane, Australia.

Received: 24 April 2020 Accepted: 26 November 2020

References
1. Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M, et al. Years

lived with disability (YLDs) for 1160 sequelae of 289 diseases and injuries
1990-2010: a systematic analysis for the global burden of disease study
2010. Lancet. 2012;380:2163–96 Epub 2012/12/19.

2. Standfield L, Comans T, Raymer M, O'Leary S, Moretto N, Scuffham P. The
efficiency of increasing the capacity of physiotherapy screening clinics or
traditional medical services to address unmet demand in Orthopaedic
outpatients: a practical application of discrete event simulation with
dynamic queuing. Appl Health Econ Health Policy. 2016;14:479–91 Epub
2016/04/27.

3. Kamper SJ, Apeldoorn AT, Chiarotto A, Smeets RJ, Ostelo RW, Guzman J,
et al. Multidisciplinary biopsychosocial rehabilitation for chronic low back
pain: Cochrane systematic review and meta-analysis. BMJ. 2015;350:h444
Epub 2015/02/20.

4. Waddell G. The back pain revolution. 2nd ed: Churchill Livingstone; London:
2004.

5. Saragiotto BT, de Almeida MO, Yamato TP, Maher CG. Multidisciplinary
biopsychosocial rehabilitation for nonspecific chronic low Back pain. Phys
Ther. 2016;96:759–63 Epub 2015/12/08.

6. O'Leary S, Cottrell M, Raymer M, Smith D, Khan A. General health factors
may be a barrier to effective non-surgical multidisciplinary rehabilitation of
common orthopaedic conditions in tertiary care settings. BMC
Musculoskelet Disord. 2018;19:348 Epub 2018/09/29.

7. Kent PM, Keating JL. Can we predict poor recovery from recent-onset
nonspecific low back pain? A systematic review. Man Ther. 2008;13:12–28
Epub 2007/07/31.

8. Pengel LH, Herbert RD, Maher CG, Refshauge KM. Acute low back pain:
systematic review of its prognosis. BMJ. 2003;327:323 Epub 2003/08/09.

9. Pincus T, Burton AK, Vogel S, Field AP. A systematic review of psychological
factors as predictors of chronicity/disability in prospective cohorts of low
back pain. Spine. 2002;27:E109–20 Epub 2002/03/07.

10. Chen Y, Campbell P, Strauss VY, Foster NE, Jordan KP, Dunn KM. Trajectories
and predictors of the long-term course of low back pain: cohort study with
5-year follow-up. Pain. 2018;159:252–60 Epub 2017/11/08.

11. Gurung T, Ellard DR, Mistry D, Patel S, Underwood M. Identifying potential
moderators for response to treatment in low back pain: a systematic review.
Physiotherapy. 2015;101:243–51 Epub 2015/03/15.

12. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke
JP, et al. The strengthening the reporting of observational studies in
epidemiology (STROBE) statement: guidelines for reporting observational
studies. Int J Surg. 2014;12:1495–9 Epub 2014/07/22.

13. Spitzer W, LeBlanc F, DuPuis M. Scientific approach to the assessment and
management of activity-related spinal disorders. A monograph for clinicians.
Spine. 1987;12:S1–S59.

14. Vittinghoff E, McCulloch CE. Relaxing the rule of ten events per variable in
logistic and cox regression. Am J Epidemiol. 2007;165:710–8 Epub 2006/12/22.

15. Bolton JE. Sensitivity and specificity of outcome measures in patients with neck pain:
detecting clinically significant improvement. Spine. 2004;29:2410–7 discussion 8.

16. Farrar JT, Young JP Jr, LaMoreaux L, Werth JL, Poole RM. Clinical importance
of changes in chronic pain intensity measured on an 11-point numerical
pain rating scale. Pain. 2001;94:149–58.

17. Hurst H, Bolton J. Assessing the clinical significance of change scores recorded
on subjective outcome measures. J Manip Physiol Ther. 2004;27:26–35.

18. Richardson JR, Peacock SJ, Hawthorne G, Iezzi A, Elsworth G, Day NA.
Construction of the descriptive system for the assessment of quality of life
AQoL-6D utility instrument. Health Qual Life Outcomes. 2012;10:38 Epub
2012/04/18.

19. Henry JD, Crawford JR. The short-form version of the depression anxiety
stress scales (DASS-21): construct validity and normative data in a large non-
clinical sample. B J Clin Psychol. 2005;44:227–39.

20. Nicholas M. The pain self-efficacy questionnaire: taking pain into account.
Eur J Pain. 2007;11:153–63.

21. Lorig K, Chastain RL, Ung E, Shoor S, Holman HR. Development and
evaluation of a scale to measure perceived self-efficacy in people with
arthritis. Arthritis Rheum. 1989;32:37–44 Epub 1989/01/01.

22. Linton SJ, Nicholas M, MacDonald S. Development of a short form of the
Orebro Musculoskeletal Pain Screening Questionnaire. Spine. 2011;36:1891–5
Epub 2010/12/31.

23. Beales D, Kendell M, Chang RP, Hamso M, Gregory L, Richardson K, et al.
Association between the 10 item Orebro musculoskeletal pain screening
questionnaire and physiotherapists' perception of the contribution of
biopsychosocial factors in patients with musculoskeletal pain. Man Ther.
2016;23:48–55 Epub 2016/05/18.

24. Vianin M. Psychometric properties and clinical usefulness of the Oswestry
disability index. J Chiropr Med. 2008;7:161–3 Epub 2009/08/04.

25. Lauridsen HH, Hartvigsen J, Manniche C, Korsholm L, Grunnet-Nilsson N.
Responsiveness and minimal clinically important difference for pain and
disability instruments in low back pain patients. BMC Musculoskelet Disord.
2006;7:82 Epub 2006/10/27.

26. Stratford P, Gill C, Westaway M, Binkley J. Assessing disability and change on individual
patients: a report of a patient specific measure. Physiother Can. 1995;47:258–63.

27. Horn KK, Jennings S, Richardson G, Vliet DV, Hefford C, Abbott JH. The
patient-specific functional scale: psychometrics, clinimetrics, and application
as a clinical outcome measure. J Orthop Sports Phys Ther. 2012;42:30–42
Epub 2011/10/28.

28. Bennett M, Smith B, Torrance N, Potter J. The S-LANSS score for identifying
pain of predominantly neuropathic origin: validation for use in clinical and
postal research. J Pain. 2005;6:149–58.

29. Borge JA, Leboeuf-Yde C, Lothe J. Prognostic values of physical examination
findings in patients with chronic low Back pain treated conservatively: a
systematic literature review. J Manip Physiol Therap. 2001;24:292–5.

30. Waddell G, Somerville D, Henderson I, Newton M. Objective clinical
evaluation of physical impairment in chronic low Back pain. Spine.
1992;17:617–28.

O’Leary et al. BMC Musculoskeletal Disorders          (2020) 21:807 Page 11 of 12

mailto:s.oleary@uq.edu.au


31. Hall T, Elvey R. Nerve trunk pain: physical diagnosis and treatment. Man
Ther. 1999;4:63–73.

32. Butler D. The sensitive nervous system. Adelaide: NOIgroup Publications;
2000.

33. Nee R, Jull G, Vicenzino B, Coppieters M. The validity of upper-limb
neurodynamic tests for detecting peripheral neuropathic pain. J Orthop
Sports Phys Ther. 2012;42:413–24.

34. Walsh J, Hall T. Agreement and correlation between the straight leg raise
and slump tests in subjects with leg pain. J Manip Physiol Ther. 2009;32:
184–92 Epub 2009/04/14.

35. Billis E, McCarthy CJ, Gliatis J, Gittins M, Papandreou M, Oldham JA. Inter-
tester reliability of discriminatory examination items for sub-classifying non-
specific low back pain. J Rehabil Med. 2012;44:851–7 Epub 2012/09/11.

36. Freedman DA. A note on screening regression equations. Am Stat. 1983;37:
152–5.

37. Liu Q, Li C, Wanga V, Shepherd BE. Covariate-adjusted Spearman's rank
correlation with probability-scale residuals. Biometrics. 2018;74:595–605
Epub 2017/11/14.

38. Akoglu H. User’s guide to correlation coefficients. Turk J Emerg Med. 2018;
18:91–3 Epub 2018/09/08.

39. Dancey CP, Reidy J. Statistics without Maths for psychology: Pearson
education; 2007.

40. Bozdogan H. Model selection and Akaike’s information criterion (AIC): the
general theory and its analytical extensions. Psychometrika. 1987;52:345–70.

41. Adler NE, Newman K. Socioeconomic disparities in health: pathways and
policies. Health Aff (Millwood). 2002;21:60–76 Epub 2002/03/20.

42. Kunst AE, Bos V, Lahelma E, Bartley M, Lissau I, Regidor E, et al. Trends in
socioeconomic inequalities in self-assessed health in 10 European countries.
Int J Epidemiol. 2005;34:295–305 Epub 2004/11/26.

43. Mackenbach JP, Stirbu I, Roskam AJ, Schaap MM, Menvielle G, Leinsalu M,
et al. Socioeconomic inequalities in health in 22 European countries. N Engl
J Med. 2008;358:2468–81 Epub 2008/06/06.

44. Witt CM, Schutzler L, Ludtke R, Wegscheider K, Willich SN. Patient
characteristics and variation in treatment outcomes: which patients benefit
most from acupuncture for chronic pain? Clin J Pain. 2011;27:550–5 Epub
2011/02/15.

45. Lamb SE, Lall R, Hansen Z, Castelnuovo E, Withers EJ, Nichols V, et al. A
multicentred randomised controlled trial of a primary care-based cognitive
behavioural programme for low Back pain. The Back skills training (BeST)
trial. Health Technol Assess. 2010;14:1–253 iii-iv. Epub 2010/09/03.

46. van der Heide I, Wang J, Droomers M, Spreeuwenberg P, Rademakers J,
Uiters E. The relationship between health, education, and health literacy:
results from the Dutch adult literacy and life skills survey. J Health Commun.
2013;18(Suppl 1):172–84 Epub 2013/10/08.

47. Briggs AM, Jordan JE, Buchbinder R, Burnett AF, O'Sullivan PB, Chua JY, et al.
Health literacy and beliefs among a community cohort with and without
chronic low back pain. Pain. 2010;150:275–83 Epub 2010/07/07.

48. Jordan JE, Buchbinder R, Osborne RH. Conceptualising health literacy from
the patient perspective. Patient Educ Couns. 2010;79:36–42 Epub 2009/11/
10.

49. Briggs AM, Jordan JE, O'Sullivan PB, Buchbinder R, Burnett AF, Osborne RH,
et al. Individuals with chronic low back pain have greater difficulty in
engaging in positive lifestyle behaviours than those without back pain: an
assessment of health literacy. BMC Musculoskelet Disord. 2011;12:161 Epub
2011/07/16.

50. BEAM U. United Kingdom back pain exercise and manipulation (UKBEAM)
randomised trial: effectiveness of physical treatments for backpain in
primary care. BMJ. 2004;329:1377.

51. Cherkin DC, Sherman KJ, Avins AL, Erro JH, Ichikawa L, Barlow WE, et al. A
randomized trial comparing acupuncture, simulated acupuncture, and usual
care for chronic low back pain. Arch Intern Med. 2009;169:858–66 Epub
2009/05/13.

52. Goossens ME, Vlaeyen JW, Hidding A, Kole-Snijders A, Evers SM. Treatment
expectancy affects the outcome of cognitive-behavioral interventions in
chronic pain. Clin J Pain. 2005;21:18–26 discussion 69-72. Epub 2004/12/16.

53. Liddle SD, Baxter GD, Gracey JH. Chronic low back pain: patients’
experiences, opinions and expectations for clinical management. Disabil
Rehabil. 2007;29:1899–909 Epub 2007/09/14.

54. van der Hulst M, Vollenbroek-Hutten MM, Ijzerman MJ. A systematic review
of sociodemographic, physical, and psychological predictors of
multidisciplinary rehabilitation-or, back school treatment outcome in

patients with chronic low back pain. Spine. 2005;30:813–25 Epub 2005/04/
02.

55. Brinjikji W, Diehn FE, Jarvik JG, Carr CM, Kallmes DF, Murad MH, et al. MRI
findings of disc degeneration are more prevalent in adults with low Back
pain than in asymptomatic controls: a systematic review and meta-analysis.
AJNR Am J Neuroradiol. 2015;36:2394–9 Epub 2015/09/12.

56. Brinjikji W, Luetmer PH, Comstock B, Bresnahan BW, Chen LE, Deyo RA, et al.
Systematic literature review of imaging features of spinal degeneration in
asymptomatic populations. AJNR Am J Neuroradiol. 2015;36:811–6 Epub
2014/11/29.

57. Jarvik JG, Hollingworth W, Heagerty PJ, Haynor DR, Boyko EJ, Deyo RA.
Three-year incidence of low back pain in an initially asymptomatic cohort:
clinical and imaging risk factors. Spine. 2005;30:1541–8 discussion 9. Epub
2005/07/02.

58. Hartvigsen J, Hancock MJ, Kongsted A, Louw Q, Ferreira ML, Genevay S,
et al. What low back pain is and why we need to pay attention. Lancet.
2018;391:2356–67 Epub 2018/03/27.

59. Australian Commission on Safety and Quality in Health Care. Health literacy:
Taking action to improve safety and quality. Sydney: ACSQHC. 2014. ISBN
Print: 978-1-921983-61-0 Electronic: 978-1-921983-62-7.

60. Wittink H, Oosterhaven J. Patient education and health literacy.
Musculoskelet Sci Pract. 2018;38:120–7 Epub 2018/07/19.

61. Dunn P, Conard S. Improving health literacy in patients with chronic
conditions: a call to action. Int J Cardiol. 2018;273:249–51 Epub 2018/09/09.

62. Klingbeil C, Gibson C. The teach Back project: a system-wide evidence
based practice implementation. J Pediatr Nurs. 2018;42:81–5 Epub 2018/09/
17.

63. Nutbeam D, Levin-Zamir D, Rowlands G. Health literacy in context. Int J
Environ Res Public Health. 2018;15:2657 Epub 2018/11/30.

64. Kamper SJ, Maher CG, Mackay G. Global rating of change scales: a review of
strengths and weaknesses and considerations for design. J Man Manip Ther.
2009;17:163–70 Epub 2010/01/05.

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

O’Leary et al. BMC Musculoskeletal Disorders          (2020) 21:807 Page 12 of 12


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design
	Participants
	Sample size estimation
	Criteria for a poor response to outcome (dependent variable)
	Potential explanatory variables (independent variables)
	Procedure
	Statistical analysis

	Results
	Discussion
	Limitations

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

