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Abstract
The importance of classifying chronic low back pain (LBP) patients into homogeneous sub-groups has recently been emphasized.
This paper reports on two studies examining clinicians ability to agree independently on patients’ chronic LBP classiﬁcation, using a
novel classiﬁcation system (CS) proposed by O’Sullivan. In the ﬁrst study, a sub-group of 35 patients with non-speciﬁc chronic LBP
were independently classiﬁed by two ‘expert’ clinicians. Almost perfect agreement (kappa-coefﬁcient 0.96; %-of-agreement 97%)
was demonstrated. In the second study, 13 clinicians from Australia and Norway were given 25 cases (patients’ subjective
information and videotaped functional tests) to classify. Kappa-coefﬁcients (mean 0.61, range 0.47–0.80) and %-of-agreement
(mean 70%, range 60–84%) indicated substantial reliability. Increased familiarity with the CS improved reliability. These studies
demonstrate the reliability of this multi-dimensional mechanism-based CS and provide essential evidence in a multi-step validation
process. A fully validated CS will have signiﬁcant research and clinical application.
r 2005 Elsevier Ltd. All rights reserved.
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1. Introduction
Low back pain (LBP) is one of the most common and
costly musculo-skeletal pain syndromes, affecting up to
80% of people at some point during their lifetime (Katz,
2002; van Tulder et al., 2002; Ehrlich, 2003; Woolf and
Pﬂeger, 2003). The re-occurrence rate for LBP is high
and these disorders often develop into a chronic
ﬂuctuating problem with intermittent ﬂares (Croft
et al., 1998; Burton et al., 2004). It has been stated that
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caring for chronic LBP (CLBP), is one of the most
difﬁcult and unrewarding problems in clinical medicine
(Leclere et al., 1990) as no approach to diagnosis or
treatment has been shown to be clearly deﬁnitive or
effective.
One explanation offered for the inability to identify
effective treatments is the lack of success in deﬁning subgroups of patients who are most likely to respond to a
speciﬁc treatment approach (Leboeuf-Yde et al., 1997;
Bouter et al., 1998). Indeed, it has been proposed that
the ‘LBP-group’ conceals a large heterogeneous group
of patients (McKenzie, 1981; Delitto et al., 1995; Spitzer
et al., 1995; Borkan et al., 1998; Bouter et al., 1998;
O’Sullivan, 2000; Leboeuf-Yde & Manniche, 2001). Any
speciﬁc treatment applied to a falsely assumed homogenous sample may result in either failure to respond or
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aggravation of the disorder (Binkley et al., 1993; Fritz
et al., 2000; Leboeuf-Yde & Manniche, 2001; Fritz et al.,
2003).
The perceived need to accurately classify LBP into
homogenous sub-groups to facilitate treatment to be
tailored for speciﬁc disorders, led to an international
forum on LBP ranking the accurate and reproducible
characterization of sub-groups of patients with LBP as
the top research priority (Borkan et al., 1998).
In general, criteria to classify can be deﬁned as
belonging to speciﬁc theoretical constructs or dimensions of the domain being classiﬁed (Bailey 1994; Ford
et al., 2003). The shift from thinking about LBP as a
patho-anatomical disorder, to viewing LBP as a multifactorial bio-psycho-social disorder is now well accepted
(Borkan et al., 2002). As a consequence of this, the
different dimensions relevant to classifying the domain
of LBP are patho-antomical, signs and symptoms,
psychological and social (Waddell, 1987; Ford et al.,
2003). For LBP, several classiﬁcation systems (CSs)
from a multitude of perspectives have been proposed.
Recent systematic reviews highlight that the multidimensional nature of LBP is not reﬂected in most CS
(Ford et al., 2003; McCarthy et al., 2004).
The authors propose that for non-speciﬁc CLBP,
there is a special need for a mechanism-based CS
acknowledging the bio-psycho-social dimensions of this
disorder (Woolf et al., 1998; Ford et al., 2003;
O’Sullivan, 2004a). When the mechanism or cause of a
disorder is known, as long as it is amenable for
treatment, treatment of the cause is usually considered
more effective than treating its individual signs and
symptoms (Zimny, 2004).
Table 1 gives an overview of the more commonly used
categories and dimensions used to classify LBP patients
and their limitations. It is increasingly clear that
unidimensional CS’s have limited clinical utility as do
not adequately reﬂect the nature of LBP nor lead to its
effective management. For CLBP there is no validated
mechanism-based multi-dimensional CS. The development and testing of new CSs based on a multidimensional construct has been recommended (Riddle,
1998; Borkan et al., 2002; O’Sullivan, 2004a).
Recently, O’Sullivan (2000, 2004b) proposed a novel
CS based on multiple dimensions for a sub-group of
patients with NS-CLBP and clinical signs of motor
control impairment (MCI). There is indeed considerable
evidence documenting the presence of MCI in subjects
with NS-CLBP, although, the nature of the impairment
is highly variable (Hodges & Richardson, 1997; O’Sullivan et al., 1997; Hodges and Richardson, 1998;
O’Sullivan et al., 1998; Hodges and Richardson, 1999;
O’Sullivan, 2000; Sahrmann, 2001) and many mechanisms have been postulated for how pain may alter motor
planning (Biedermann et al., 1991; Luoto et al., 1999;
Hodges, 2001). O’Sullivan’s (2000, 2004b) CS has been

described in detail elsewhere but in brief it proposes
(based on very strict inclusion and exclusion criteria)
that a sub-group of patients with NS-CLBP exists
(Table 2). These patients have impairments in the
control of their lumbar spine that expose them to
repeated stress and strain, thereby providing a basis for
ongoing pain. Five distinct clinical patterns were
proposed (Appendix A) based on a speciﬁc direction
of MCI and the hypothesized mechanism underlying the
pain disorder (O’Sullivan 2000, 2004b).
Whilst O’Sullivan’s CS appears conceptually coherent, its reliability and validity should be established
before its widespread use in clinical practice and
research. The validation of a CS is a multi-step process
(Woolf et al., 1998; Ford et al., 2003; Fritz et al., 2003;
Dankaerts et al., 2004; O’Sullivan, 2004a) within which
establishing the inter-examiner reliability is a crucial
step. Therefore, the aim of the studies reported in this
paper was to determine the inter-examiner reliability of
this clinical method of classiﬁcation for NS-CLBP
patients with signs of MCI. The ﬁrst study aimed to
determine the level of agreement between ‘expert’
clinicians. The second study aimed to determine the
level of agreement between clinicians from Australia and
Norway against the ‘expert’ clinicians and to determine
the effect of the level of clinician familiarity with the
system on their reliability.

2. Methods
Since this paper reports on two studies, the methods
are outlined separately. Fig. 1 provides a ﬂow-chart of
the overall study design. The studies were conducted
from January 2002 till December 2003. Approval to
conduct both studies was obtained from the Curtin
University of Technology, Human Research Ethics
Committee, Perth, Western Australia.
2.1. Study 1
Patients with NS-CLBP were independently assessed
by two ‘expert’ clinicians and agreement between their
diagnoses determined, based on comprehensive subjective and physical examination.
2.1.1. Patients
Patients with a classiﬁcation of NS-CLBP and MCI
seeking physiotherapy treatment were recruited from a
private multi-disciplinary orthopaedic clinic in the Perth
metropolitan area. After screening and further clinical
assessment using strict criteria for inclusion and exclusion (Table 2), 35 patients were selected (17 males and 18
females; mean age 37712.73 years; duration of LBP
5.676.0 years; Revised-Oswestry disability score
37711%; Body Mass Index 23.172.2 kg/m2). All
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Table 1
Different approaches commonly used to classify low back pain (LBP) patients and their limitations
Dimension/category
Uni-dimensional classification systems
Patho-anatomical

Approach

Limitation for NS-CLBP population

Radiological diagnosis (Bernard and
Kirkaldy-Willis, 1987)

Majority (up to 85%) is classiﬁed ‘non-speciﬁc’ as
no diagnostic imaging procedure is correlated with
LBP (Dillingham, 1995; Deyo and Phillips, 1996;
Nachemson, 1999; Pearce, 2000)
Abnormal ﬁndings in asymptomatic individuals are
common (Jensen et al., 1994; Boos and Hodler,
1998; Stadnik et al., 1998; Pﬁrrmann et al., 1999;
Borenstein et al., 2001; Humphreys et al., 2002)
No insight into the underlying mechanism
responsible for the LBP disorder (may be driven by
neurophysiological, bio-mechanical and/or psychosocial factors)

Identify nociceptive source based on
diagnostic injections (Bernard and KirkaldyWillis, 1987; Bogduk, 1995; Young et al.,
2003)
Signs and Symptoms

‘Treatment based’ approach, using a cluster
of signs and symptoms to classify LBP
(Delitto et al., 1995)

For acute LBP only, a similar approach for chronic
LBP has not yet been reported
Uni-dimensional approach based only on signs and
symptoms has limitations as the basis of a
mechanism-based CS

Prognosis

Based on the future outcome of the patient
(Engel and von Korff MKaton, 1996;
Dionne et al., 1997; Krause et al., 1998)

Of limited use for selection of treatment or
management
Poor prognosis might simply arise because an
appropriate treatment addressing the underlying
mechanism behind the pain disorder has not yet
been identiﬁed or tested

Mechanism-based

Hypothesized mechanism behind the
disorder is one of disc derangement
(McKenzie, 1981)
Sahrmann (2001): a classiﬁcation approach
for LBP consisting of ﬁve different categories
based on signs and symptoms and the
premise that ‘impairments’ in the way people
move are the underlying factor of the
musculo-skeletal pain and dysfunction

The validity of this approach for NS-CLBP is
limited

Quebec Task Force Classiﬁcation (Spitzer,
1987): based on stage of the disorder (acute,
sub-acute or chronic), patho-anatomical
diagnosis (speciﬁc or non-speciﬁc, ‘red’
ﬂags), signs and symptoms (area of pain
referral), ‘yellow’ ﬂags and work status
(psycho-social)

Designed to assist in making clinical decisions (e.g.
surgery or conservative treatment), establishing a
prognosis, and evaluating the quality of care for
patients with LBP
Of limited use in physiotherapy assessment or
treatment planning (Padﬁeld et al., 2002).
Does not consider the underlying mechanism
behind NS-LBP disorders (apart from
differentiating somatic referred from radicular
pain)

Multi-dimensional classification systems
Stage patho-anatomical signs and
symptoms psychosocial

patients had the protocol explained to them and
provided signed consent prior to entering the study.

2.1.2. Examiners
The two examiners were musculo-skeletal physiotherapists. One clinician (PO’S) was the developer
of the CS and had 18 years experience with patients with
LBP. The other clinician (WD) had 12 years of clinical
experience with patients with LBP and extensive training
by the developer.

No consideration is given to the stage of the
disorder, area of pain, speciﬁc versus non-speciﬁc
LBP, or yellow ﬂags
Classiﬁcation model assumes that all LBP disorders
lie within this classiﬁcation, ignoring the several
other dimensions of LBP within the biopsychosocial framework

2.1.3. Procedure
Prior to conducting this study, 20 patients participating in a different study conducted by the authors were
independently examined and a clinical diagnosis determined by the ‘expert’ clinicians. The aim of this pilot
study was to reﬁne the speciﬁc criteria for assignment to
each of the ﬁve sub-categories and to further train WD
(O’Sullivan, 2000, 2004b) (Appendix A). With the aid of
videotapes of subjects’ postures and movements, the
clinicians’ diagnoses were compared and discussed, and
operational deﬁnitions were reﬁned.
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Table 2
Inclusion and exclusion criteria for NSLBP patients with Motor Control Impairmenta
Inclusion criteria
A history of chronic (43 months) LBP
Pain only located to the lower lumbar spine (L4/5 or L5/S1) with minimal radiation
Absence of impaired movement of the symptomatic segment in the painful direction of movement or loading (based on clinical joint motion
palpation examination)
Associated impairments in the control of the motion segment(s) in the provocative movement direction(s)
Clear mechanical basis of disorder: speciﬁc postural and functional movements that aggravate and ease symptoms; relief of symptoms when reducing
the strain to the symptomatic spinal segment in the provocation direction
Exclusion criteria
More generalized low back pain (beyond L4-5, L5-S1 region) and/or radiating pain
Dominant non-organic features (yellow ﬂags)
Impaired movement of the symptomatic segment in the painful direction of movement or loading (based on clinical joint motion palpation
examination)
Based on medical assessment (by general practitioner and/or specialist, including radiological imaging): speciﬁc diagnoses for LBP disorder (disc
prolapse with radicular pain, severe scoliosis, spondylo-arthrosis, spondylolisthesis, inﬂammatory or other speciﬁc disorders), previous back surgery,
and serious causes of LBP (red ﬂag pathology)
a

All features within the inclusion criteria had to be present; based on O’Sullivan (2000, 2004b).

Following informed consent, patients were allocated
to one of two examiners. The order of testing by the two
examiners varied but for practical reasons could not be
randomized. A full clinical examination was performed
by the ﬁrst examiner to identify patients with NS-CLBP
who had a classiﬁcation of MCI based on strict
inclusion and exclusion criteria (Table 1). The comprehensive history of the disorder involved: screening for
yellow and red ﬂags, reviewing medical imaging,
questioning the patient regarding symptom provocation
and relief. The full physical examination consisted of a
series of active and functional movement tests, articular
tests to determine mobility and level of symptom
provocation, neural tissue examination, and tests for
spinal motor control (O’Sullivan, 2000, 2004b). Patients
were then sub-classiﬁed into one of the ﬁve patterns as
per O’Sullivan (O’Sullivan, 2000, 2004b). Within a
maximum of 1 week (most patients were evaluated by
the second examiner within 24 h) the second examiner
performed a similar full examination and nominated a
classiﬁcation.
The two examiners acted entirely independently and
were blind to the other’s classiﬁcation of the disorder.
Assessment sheets were placed in sealed opaque
envelopes and ﬁled for later analysis. Patients were
asked not to provide the second examiner with any
information regarding the ﬁrst examination process.
2.2. Analysis study 1
Kappa-coefﬁcient and %-of-agreement were calculated to determine the level of agreement between the
‘expert’ clinicians (Portney and Watkins, 2000). The
Kappa-coefﬁcient is a reliability statistic that corrects
for agreement due to chance (Altman, 1991). Data were
analysed using SPSS Version 10.0.

2.3. Study 2
2.3.1. Examiners
Thirteen clinicians (physiotherapists and medical
doctors) of two geographically separate regions (seven
from Western Australia and six from Norway) were
invited to participate based on familiarity with the CS.
Examiners’ characteristics are displayed in Table 3.
The examiners were classiﬁed into two sub-groups
based on their level of speciﬁc training and clinical
experience with the CS. All examiners were required to
sign a consent form.
2.3.2. Procedure
Patients who participated in Study 1 were asked to
consent to be videotaped and to complete a self-reported
pain questionnaire. If consent was obtained, they were
videotaped performing a series of postures and functional movements that represented commonly reported
aggravating postures and movements of these patients
(O’Sullivan, 2000, 2004b). This included usual posture in
standing, forward bending and return, backward bending and return, single leg standing, usual sitting posture,
slump posture, erect upright posture and sit-to-stand to
sit. Thirty patients classiﬁed identically by the two
‘expert’ clinicians (Study 1) gave consent to be
videotaped. Of these, 25 patients were randomly selected
to ﬁll the previously determined numbers (based on
statistical advice) for each of the ﬁve patterns. For each
of these 25 patients, a case report was written and
videotapes were edited in a standard manner.
Approximately 1 month prior to the testing day each
participating examiner received an instruction package
consisting of a synopsis of the study methodology and a
comprehensive summary of the study procedure. Three
weeks prior to the testing day a clinical seminar was held
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Fig. 1. Flow-chart of study design; MCI ¼ motor control impairment.

by the developer of the CS for all the Western
Australian examiners. One week prior to the testing
day a revision session was held. For logistical reasons
the training for the Norwegian examiners was slightly
different. All Norwegian examiners had previously
undertaken two clinical workshops based on the CS
conducted by the developer. The same instruction
package was sent to Norway 3 weeks prior to the
testing. A 2-day workshop was held prior to testing.
The blinded examiners had to initially determine the
classiﬁcation for each patient based on the case reports

only. In addition, examiners were given the video
presentation and were asked to classify the patient
based on the combined information. Each examiner
placed their assessment booklet in an opaque envelope,
which was then sealed prior to further analysis.
2.4. Analysis study 2
Kappa-coefﬁcient and %-of-agreement (Portney and
Watkins, 2000) was calculated to determine the level of
agreement between the ‘gold standard’ (as determined
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Table 3
Characteristics of examiners (Study 2) as per level of familiarity with Classiﬁcation System (CS)

Speciﬁc training in CS
Age (years)
Clinical experience (years)
Speciality

‘Moderate’ familiar (n ¼ 8)

‘Very’ familiar (n ¼ 5)

Clinical education sessions and/or workshops
regarding the CS with the developer of the CS
45 (range: 40–54; SD: 7)
20 (range: 10–29; SD: 7)
1 GP/physical medicine
1 MD/clinical neurologist
3 Musculo-skeletal physiotherapists
2 Physiotherapists

Postgraduate training under direct
supervision of developer of CS
32 (range: 30–33; SD: 1)
9 (range: 7–11; SD: 2)
4 Musculo-skeletal physiotherapists
1 Sports physiotherapist

Table 4
Results of Studies 1 and 2

Study 1
Study 2

‘Expert’ clinicians (n ¼ 2)
All clinicians (n ¼ 13)
‘Moderate familiar’ clinicians (n ¼ 8)
‘Very familiar’ clinicians (n ¼ 5)

SE+PE
S
S+V
S
S+V
S
S+V

Kappa

%-of-agreement

0.96
0.32
0.61
0.28
0.55
0.40
0.71

97%
48%
70%
44%
65%
54%
78%

(0.13–0.54)
(0.47–0.80)
(0.13–0.37)
(0.47–0.64)
(0.39–0.54)
(0.58–0.80)

(32%–64%).
(60%–84%)
(32%–52%)
(60%–72%)
(48%–64%)
(68%–84%)

Average Kappa-scores (range) and average %-of-agreement (range) SE+PE ¼ based on a comprehensive subjective and physical examination,
S ¼ based on subjective information only (case notes), S+V ¼ based on subjective and video. Guidelines for interpreting the strength of the Kappa
statistic: o0: poor; 0.00–0.20: slight; 0.21–0.40: fair; 0.41–0.60: moderate; 0.61–0.80: substantial; 0.81–1.00: almost perfect (based on Altman, 1991).

by the ‘expert’ clinicians) and the other examiners.
Agreement was also analysed based on the level of
familiarity with the CS, based on subjective information
only, and based on subjective information plus the
videotaped recordings. Descriptive statistics were used
for the analysis of correct classiﬁcation for each pattern.
Data were analysed using SPSS Version 10.0.

3. Results
3.1. Study 1
Based on independent patient examinations ‘expert’
clinicians demonstrated almost perfect agreement (Kappa-coefﬁcient 0.96; %-of-agreement 97%) (Table 4).
3.2. Study 2
The agreement between examiners and ‘expert’
clinicians based on subjective information and video
was substantial (Table 3). Agreement was reduced when
examiners made a classiﬁcation decision based only on
subjective information, and among those examiners who
had less familiarization with the CS (Table 3). Fig. 2a–e
shows the correct classiﬁcation (%) by all examiners for
each pattern. All ﬁve patterns could be reliably
identiﬁed, with the Flexion Shifting pattern best

identiﬁed (82%), and the Active Extension pattern least
correctly identiﬁed (62%).

4. Discussion
The objective of Studies 1 and 2 was to assess the
inter-examiner reliability of a CS for NS-CLBP with
MCI as proposed by O’Sullivan (2000, 2004b). Results
of Study 1 revealed that there was almost perfect
agreement between ‘expert’ clinicians, in identifying and
classifying patients with NS-CLBP into speciﬁc subgroups of MCI based on a comprehensive clinical
examination (Table 4). Results of Study 2 indicate
substantial clinical agreement across all ﬁve patterns
based on combined subjective case reports and video
observation of postures and movements. Good interexaminer reliability is an essential ﬁrst step for a CS to
be valid and to be of use, clinically and in research
settings (Delitto et al., 1995).
The poor reliability when classiﬁcation was based
only on subjective ﬁndings was expected. This ﬁnding
supports that the CS is highly dependent on the
assimilation of both the subjective and physical examination (O’Sullivan, 2000, 2004b).
Study 2 also aimed to evaluate the importance of
speciﬁc training in the CS, relative to the ability to
accurately apply the CS. The results of this study
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Fig. 2. (a–e) Classiﬁcation per different pattern (in %) by all examiners in Study 2; n ¼ total number of that speciﬁc pattern included  13 (total
number of examiners).

(Table 4) show a very clear pattern of improved
reliability associated with more speciﬁc (postgraduate)
training. This ﬁnding is consistent with Strender et al.
(1997) who state that the amount of formal instruction
(i.e. continuing education) and speciﬁc clinical experience in examination procedures and classiﬁcation rules
is a necessary prerequisite to improving reliability.
There appears to be a special need for a mechanismbased CS for NS-CLBP based on a bio-pyscho-social
framework (Woolf et al., 1998; McCarthy et al., 2004;
O’Sullivan, 2004a; O’Sullivan, 2004b). It is acknowledged that to validate this novel CS as a mechanismbased CS, a multi-step process is required and cannot be
based solely on inter-examiner reliability. For this
reason a model for clinical research into classiﬁcation
of NS-CLBP has been proposed by the authors
(Dankaerts et al., 2004; O’Sullivan, 2004a). This model
consists of different stages, each stage dealing with
different criteria. Fig. 3 presents a ﬂow-chart summary
of the model.
This multi-dimensional mechanism-based CS is not
an alternative to existing CSs but can be seen as a new
development for a sub-group within the NS-CLBP,
integrating different aspects of established CSs. For

example, the CS proposed by O’Sullivan ﬁts within the
QTFC as it uses several criteria set forward by the
QTFC: the patient sample consists of ‘non-speciﬁc’,
‘chronic’, ‘LBP patients without radiation below the
gluteal folds’, absence of ‘red and dominant yellow ﬂags’
and absence of ‘neurological signs’. The proposed CS by
O’Sullivan can be seen as a further sub-classiﬁcation of
Category 1 of the QTFC. Similar to McKenzie’s method
(McKenzie, 1981; Donelson, 2001), O’Sullivan’s CS is
based on a comprehensive patient assessment. Like
Delitto’s (1995) treatment-based CS or McKenzie’s
method (McKenzie, 1981), O’Sullivan links a very
speciﬁc intervention to each of the ﬁve patterns.
Of particular interest for direct comparison with the
proposed multi-dimensional CS is the CS developed by
Sahrmann (2001) which appears to be more unidimensional in nature. Both classiﬁcation models
assume MCIs as a possible underlying factor in LBP
disorders. But there are some substantial differences in
the proposed ways to validate the CS and in the method
used to classify the patients. Van Dillen et al. (1998)
investigated the reliability (among trained therapists) of
the individual tests used in criteria for classiﬁcation
according to Sahrmann (2001). The nature of their study
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Fig. 3. Flow-chart of proposed new model for validation of mechanism-based classiﬁcation system (CS) for NS-CLBP with Motor Control
Impairment (MCI). Current study shaded.

design assessed reliability based on individual physical
examination items and did not give any insight into the
ability of the clinicians to classify the patients into the
proposed categories. This reliability study served as a
pilot study for a validation study on the CS proposed by
Sahrmann (Van Dillen et al., 2003b). According to
Bailey (1994), a principal aim of classiﬁcation is
ordering entities into groups with maximum between
group heterogeneity and within group homogeneity. In
Van Dillen et al. (2003b), the location of symptoms
varied from low back only to all kinds of referred
locations. All three different stages of LBP disorder were
included, without consideration for patho-anatomical
ﬁndings nor the presence of non-organic signs. The fact
that these inclusion criteria consist of several different
QTFC categories might have led to a heterogeneous
sample.
Rather than relying purely on signs and symptoms
(Van Dillen et al., 1998, 2003a, b), the current studies
used a process of diagnostics to make a clinical
determination as to whether the MCI is the driving
mechanism behind the disorder or is simply a secondary
effect of another process (O’Sullivan, 2004a, b). This

process of diagnostics is described in detail elsewhere
(Elvey and O’Sullivan, 2004). In contrast with Van
Dillen et al. (1998, 2003b), the authors of the current
study place a strong emphasis on the subjective history
and pain behaviour. Within the CS it is critical in
interpreting how the symptoms (as described by the
patient during subjective examination) are inﬂuenced by
changes in postural alignment and movement. Another
purpose of taking and integrating history ﬁndings is to
determine the presence of dominant non-organic features. Strong evidence exists to suggest that psychosocial
factors can be an important component of certain NSLBP disorders (Linton, 2000). Psychological processes
(cognition, stress, fear, anxiety and depression) are also
known to alter motor behaviour (Hodges and Moseley,
2003) inﬂuencing patient’s posture and movement
(Hodges and Moseley, 2003). Attempts to ‘normalize’
the movement or MCI in many of these disorders would
be inappropriate and ineffective (Elvey and O’Sullivan,
2004; O’Sullivan, 2004a). In Van Dillen et al. (1998,
2003b), no other physical examination was performed to
identify other underlying mechanisms of pain response.
In contrast, in the current study the patients were ﬁrstly
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identiﬁed as having an MCI based on a set of
characteristics (Table 2). We found it essential to include
‘joint motion palpation’ in Study 1. Firstly, because it
was deemed important to identify whether the observed control impairment was linked to the symptomatic
level of the patient. Secondly, to identify if the pain
disorder is linked to an impairment of ‘movement’ or
‘control’ (Elvey and O’Sullivan, 2004). According to the
present authors, in the case of a painful impairment of
movement, a treatment (such as manipulative techniques) aiming to promote movement into the painful
range is the treatment of choice (Elvey and O’Sullivan,
2004).
4.1. Limitations and recommendations for further studies
A limitation of this study was the fact that only the
clinicians in Study 1 had to agree on identifying MCI
patients from the larger LBP population. Patients in
Study 2 must therefore be seen as a selected group that
does not fully represent the general population of NSCLBP patients which may be more difﬁcult to classify.
Further studies are required to test the ability of
clinicians to identify patients with MCI within this
NS-CLBP population.
The use of ‘expert’ clinicians’ classiﬁcation as ‘gold
standard’ is another limitation of this study. But in the
absence of a true criterion standard for MCI diagnosis,
this method was justiﬁed and has been used by others
(Gracovetsky et al., 1995).
Because of practical and logistic issues, it was decided
to use videotaped recordings of the patients in Study 2.
Videotaping has been previously used during reliability
studies on visual analysis of gait (Krebs et al., 1985;
Eastlack et al., 1991), scapular dysfunction (Kibler et
al., 2002) and spinal movements (Fritz et al., 2000).
Videotaping has been recommended as an alternative to
a test–retest design for assessing inter-examiner reliability with patients who have LBP (Delitto et al., 1992).
Both limitations and advantages of videotaping are
recognized by the authors. The lack of an actual clinical
examination for Study 2 is a limitation and may account
for some of the discrepancy in the results between
Studies 1 and 2. The advantages of videotaping include:
not having to place undue stress on the patient,
potentially altering his or her clinical status, while
allowing a greater number of participants from geographically distinct regions.
In spite of these limitations, the current results
support good to high level-of-agreement across all
categories based on the methods used.
As mentioned above, a multi-step process is required
to validate this novel multi-dimensional CS as a
mechanism-based classiﬁcation model. Based on the
new proposed model (Fig. 3), several studies have been
undertaken to add laboratory and outcome validity to
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the CS. A laboratory-based test battery, including EMG
and 3D-motion analysis, is currently being employed to
further validate the clinical diagnosis, determine motor
control differences in pain sub-groups with normative
data, and ultimately, provide outcome measures for
speciﬁc interventions.

5. Conclusions
The main aim of these two studies was to investigate
the inter-examiner reliability of a CS for NS-CLBP
patients with MCI. Substantial to excellent reliability was found depending on the level of familiarity.
Further research is required to further validate the
proposed CS as a mechanism-based CS. The authors
believe that the acceptance and integration of a multidimensional mechanism-based CS for NS-CLBP with
MCI could have profound implications leading to the
application of speciﬁc ‘targeted’ interventions for
identiﬁed sub-groups, and subsequently enhanced
treatment efﬁcacy as suggested by Leboeuf-Yde et al.
(1997, 2001).
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Appendix A
The different sub-groups of MCI Patterns and their
clinical presentation are brieﬂy described below. Based
on O’Sullivan (2000, 2004b)
Flexion pattern
Definition: MCI of the lumbar spine with a tendency to
ﬂexion strain (loss of segmental lordosis) at the
symptomatic segment. Flexion pain disorders are
associated with functional loss of motor control into
ﬂexion resulting in an excessive abnormal ﬂexion strain.
Provocative postures/activities: all ﬂexion-related
postures (e.g. slouched sitting) and functional activities
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(forward bending, cycling) are commonly reported as
being painful.
Easing postures/activities: extension postures/activities
where the lumbar spine is lordosed (e.g. standing, sitting
with a lumbar roll, walking).
Posture and movement analysis: tendency to present with
a loss of lumbar lordosis during sitting and standing
postures. The pelvis is often positioned in posterior
pelvic tilt. During all functional tasks the same tendency to have a loss of lordosis at the ‘symptomatic
level’ is noted. Forward bending movements commonly reveal a tendency of an early ‘loss of lower
lumbar lordosis’ (lumbar curve reversal). Similar loss of
lordosis is accentuated in other functional tasks like sitto-stand, squatting and gait. This is associated with an
increased lordosis in the upper lumbar and lower
thoracic spine.
Specific posture and movement control tests: inability/
lack of motor control to anterior rotate pelvis and
extend lower lumbar spine independent from thorax
during above-mentioned aggravating postures/
movements.

Flexion/lateral shifting pattern
Definition: MCI around the lumbar spine with a
tendency to ﬂex and laterally shift at the symptomatic
segment.
Provocative postures/activities: reaching and rotating in
one direction in association with ﬂexion postures and /
or movements.
Easing postures/activities: relief in extended or lordotic
postures, stretching to the opposite side from the shift,
shift correction (contra-lateral glide from pelvis).
Posture and movement analysis: similar to the ﬂexion
pattern there is a loss of lumbar segmental lordosis at
the affected level with the key feature here an associated
lateral shift at the lower lumbar spine level. Minimal
precipitation of their spine might deviate into a lateral
shift position. E.g.: the lateral shift is accentuated when
standing on the foot ipsi-lateral to the shift. Sagittal
spinal movements reveal a tendency to laterally deviate
during ﬂexion and this is commonly associated with an
arc of pain. Tests like ‘sit to stand’ usually reveal a
typical ﬂexion pattern presentation (see above) plus a
tendency towards lateral trunk shift during the
movement with increased weight bearing on the lower
limb on the side of the shift.
Specific posture and movement control tests: inability/
lack of motor control to anterior rotate pelvis
and extend lower lumbar spine independent from
thorax during above-mentioned aggravating
postures/movements with an associated lateral
deviation

Active extension pattern
Definition: MCI around the lumbar spine with a
tendency to hold the lumbar spine actively into
extension.
Provocative postures/activities: all extension-related
postures (standing, erect sitting) and functional activities
(carrying out overhead activities, fast walking, running
and swimming) are commonly reported as being painful.
Also commonly reported as a provocative activity is
forward bending (with the key feature here being the
tendency to hold the lumbar spine into segmental
hyperextension).
Easing postures/activities: ﬂexion postures/activities
where the lumbar spine is ﬂexed (e.g. crook lying,
slouched sitting).
Posture and movement analysis: tendency for the
lumbar spine to be actively held into segmental
hyper-lordosis at the symptomatic segment during
upright sitting and standing postures. During all
functional tasks such as sit to stand, squatting and
forward bending the same tendency to hyper-lordose
at the ‘symptomatic segment’ is noted. Forward
bending movements commonly reveal increased hip
ﬂexion and a tendency of a late ‘loss of lordosis’
(beyond mid range of ﬂexion) or no lumbar curve
reversal. Return to neutral from a forward bended
position reveals an early hyper-lordosing of the spine
at the symptomatic segment.
Specific posture and movement control tests: inability/
lack of motor control to initiate a posterior pelvic
during above-mentioned aggravating postures/
movements.

Passive extension pattern
Definition: MCI around the lumbar spine with a
tendency to passively over-extend at the symptomatic
segment of the lumbar spine.
Provocative postures/activities: similar to the active
extension pattern all extension-related postures
(standing, erect sitting) and functional activities
(carrying out overhead activities, fast walking, running
and swimming) are commonly reported as being painful.
Easing postures/activities: ﬂexion postures/activities
where the lumbar spine is de-lordosed (e.g. crook lying,
slouched sitting).
Posture and movement analysis: tendency for patients
to stand into a sway-back posture (thorax posterior to
the pelvis) with a segmental hinging at the symptomatic
level. Forward bending is often pain free, but on
return to neutral they tend to over-extend at the
symptomatic level (hinge into extension) and sway
pelvis anterior.
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Specific posture and movement control tests: inability/
lack of motor control to extend the thoraco-lumbar
spine above the symptomatic segment with a tendency
to hinge into extension at this segment.

Multi-directional pattern
Definition: multi-directional MCI around the lumbar
spine
Provocative postures/activities: multi-directional nature
of this pattern often reveals pain all weight bearing
postures and functional activities.
Easing postures/activities: difﬁculty to ﬁnd relieving
positions during weight bearing
Posture and movement analysis: patient may assume a
ﬂexed, extended or laterally shifted spinal posture, and
may frequently have to alternate them. Excessive
segmental shifting and hinging may be observed in all
directions, with associated ‘jerky’ movement patterns
and reports of ‘stabbing’ pain on movement in all
directions with observable lumbar erector spinae muscle
spasm.
Specific posture and movement control tests: patients
have great difﬁculty assuming neutral lordotic spinal
postures, with over shooting into ﬂexion, extension or
lateral shifting postures.
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