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The purpose of this systematic review was to determine the quality of the research and to assess the reliability of different types
of physical examination procedures used in the assessment of patients with non-specific low back pain. A search of electronic
databases (MEDLINE, PEDro, AMED, EMBASE, Cochrane, and CINAHL) up to August 2005 identified 48 relevant studies which
were analysed for quality and reliability. Pre-established criteria were used to judge the quality of the studies and satisfactory
reliability, and conclusions emphasised high quality studies (> 60% methods score). The mean quality score of the studies
was 52% (range 0 to 88%), indicating weak to moderate methodology. Based on the upper threshold used (kappa/ICC > 0.85)
most procedures demonstrated either conflicting evidence or moderate to strong evidence of low reliability. When the lower
threshold was used (kappa/ICC > 0.70) evidence about pain response to repeated movements changed from contradictory to
moderate evidence for high reliability. Most procedures commonly used by clinicians in the examination of patients with back
pain demonstrate low reliability. [May S, Littlewood C and Bishop A (2006): Reliability of procedures used in the physical
examination of non-specific low back pain: A systematic review. Australian Journal of Physiotherapy 52: 91-102]
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Introduction

In patients with low back pain the terms non-specific or
mechanical back pain are used to describe an entity whose
pathoanatomical aetiology is unknown (AHCPR 1994,
CSAG 1994, Deyo 2002). Although some recent studies
suggest that specific structural pathology can be diagnosed
with physical examination procedures (Laslett et al 2003,
Young et al 2003), such reports are unusual and clinicians
often base management decisions on findings from the
physical examination. Types of physical examination items
used in the assessment of patients with back pain include
observation, palpation, and symptom response.

Observation may be used to help determine movement
loss, the presence and direction of a lateral shift, the shape
of the lumbar lordosis, muscle bulk, the state of the soft
tissues, or the presence of asymmetry (McKenzie 1981,
Petty and Moore 2001, Sammut and Searle-Barnes 1998).
Chiropractors use tests to look for a ‘manipulative lesion’
at a particular joint (Hestboek and Leboeuf-Yde 2000).
Physiotherapists palpate to determine the segmental level
and nature of the disorder (Maitland 1986). Palpation is
used to determine the presence of reduced or excessive
motion at a segmental level, and the direction and grade
of mobilisation that is to be used in treatment (Jull et al
1994). Osteopathy uses the term somatic dysfunction to
refer to subtle changes that occur in and around the motion
segment, and which can be detected by palpation (Sammut
and Searle-Barnes 1998).

Some physical examination procedures emphasise symptom
response to movement or manual pressure to determine
management strategies (McKenzie 1981, Van Dillen et al
1998, Wilson et al 1999). Physical examination procedures
can also be used to classify patients into different sub-groups
that will determine the management strategy to be provided.
There are numerous classification systems available for non-

specific low back pain (McCarthy et al 2004).

Thus fundamentally different ways are used to undertake
the physical examination of the lumbar spine. Tests are
being applied that are determining future management.
To be of optimum clinical value such tests need to have
certain measurement properties of validity and reliability
(Streiner and Norman 1996). Whilst double-blinded
injection studies have identified the site of pain generation
accurately (Schwarzer et al 1994, Drefuss et al 1996) reports
establishing the validity of physical examination against
such ‘gold standards’ are few (Laslett et al 2003, Young et
al 2003). Reliability of test procedures is also important.
It is imperative that physical examination findings are
interpreted by clinicians with a high level of reliability for
them to have clinical utility. Only with this evidence should
their use to formulate management strategies be endorsed.
If intertester reliability is poor then management decisions
following the physical examination are based on unsound
judgements.

Reliability of physical examination procedures has been
explored over previous decades by different professional
groups involved in the management of low back pain
(Bergstrom and Courtis 1986, Gonnella et al 1982,
McConnell et al 1980). Some of these studies have been
reviewed in a non-systematic way (Johnston 1982, Russell
1983, Simmonds and Kumar 1993a, Panzer 1992, Huijbregts
2002, van Genderen et al 2003) and four systematic reviews
have also been published (Hestboek and Leboeuf-Yde 2000,
van der Wurff et al 2000, Seffinger et al 2004, van Trijffel
et al 2005). One was concerned with physical examination
procedures applicable to the sacroiliac joint (van der Wurff
et al 2000), one reviewed chiropractic tests (Hestboek and
Leboeuf-Yde 2000), one evaluated the reliability of palpation
procedures throughout the spine (Seffinger et al 2004),
and one evaluated the reliability of passive assessment of
intervertebral motion (van Trijffel et al 2005). Straight leg
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Table 1. Criteria for assessing reliability studies.

Criteria Weighting
Model/patient population: total 25
1 Adequate description of study population—some clinical description, or gender and age if 4
volunteers
2 Representative of clinical practice 4
3  Subjects selected randomly or consecutively 7
4 Number of subjects: 10
< 25, score -0
> 25, score — 3
> 50, score — 6
> 75, score — 10
Test procedure: total 35
5  Procedure clearly described and reproducible 5
6  Procedure executed in uniform manner 5
7  Adequate measures to reduce bias: e.g. examiner blinded to other examiner, results sealed, 10
independent adjudicator.
8 Highest level of examiners: 10
experienced with procedure, score — 10
experienced clinicians, score — 5
students/juniors, score — 2
9 Consensus procedure prior to testing with pilot study 5
Test results: total 40
10 More than one pair of examiners tested 10
11 Multiple testing between examiners 5
12 Standardised measure of test outcome — dichotomous or clear outcome of test 5
13 Frequencies of outcome and agreement reported 10
14 Appropriate inferential statistics eg kappa/ICC; and measure of variance 10
Total Score 100

Derived from: van der Wurff et al (2000) and Bogduk (2001)

raise (SLR) is not appropriate to non-specific back pain,
and its reliability (Dixon and Keating 2000) and diagnostic
accuracy (Deville et al 2000) have been reviewed. A review
of the reproducibility of functional measures of the low
back, including range of movement measurements, has
recently been published (Essendrop et al 2003).

No systematic review has attempted to investigate the
reliability of different types of physical examination
procedures commonly used for non-specific back pain.
Previous reviews (Seffinger etal 2004, van Trijffel etal 2005)
have included studies using asymptomatic subjects that do
not truly reflect the clinical value of a procedure and may
produce reliability statistics that do not reflect the clinical
environment. Further, previous studies have commonly used
the Landis and Koch (1977) scale for interpreting kappa
statistics, which suggest that 0.4 and above is acceptable for
clinical utility, whereas others consistently suggest that only
higher values are satisfactory (McDowell and Newell 1987,
Streiner and Norman 2003).

Thus the aim of the review was to evaluate the reliability
of different types of examination procedures used in the
assessment of non-specific back pain.

Method

A literature search of MEDLINE (January 1966 to August
2005), PEDro (August 2005), AMED (1985 to August
2005), EMBASE (1974 to August 2005), the Cochrane
Library (2005, Issue 2), and CINAHL (1982 to August 2005)
was conducted using the following search terms: lumbar,
spine, lumbar spine, back pain, back ache, low back pain;
reliability, reproducibility, inter examiner, inter-examiner,
inter tester, inter-tester, inter observer, inter-observer,
kappa, intra class correlation, intra-class correlation, ICC;
assessment, physical examination, physical tests, manual
examination, palpation, observation, classification, pain
response, symptom response; centralization. This was
supplemented by hand searching the references lists of the
articles found from the electronic search.

Articles had to meet a number of criteria for inclusion.
Results must be published as full reports before August 2005
(abstracts were not included.) The study involved procedures
of the lumbar spine used for clinical decision making for
non-specific back pain. The study did not involve tests for
specific back pain, such as neurological testing for nerve
root problems. The study involved human subjects, rather
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Table 2. Levels of evidence for intervention studies.

Strong Consistent findings from multiple high quality trials (n = 3 or more).
Moderate Consistent findings among low quality trials and/or one high quality trial.
Limited One low quality trial.

Conflicting Inconsistent findings among multiple trials.

No evidence No trials.

than a simulated spine testing apparatus. The study involved
physical examination procedures, rather than instrumented
examination procedures (an exception was made with
timed endurance, as the ‘low-tech’ tool, a stopwatch, was
considered to be commonly available.) The study involved
adults (> 18 years) with low back pain. The study had to be
an intra and/or inter-examiner reliability design. The study
had to be reported in English.

The studies were identified by one of the authors (SM), and
admitted to the study with agreement with another author.
A total of 104 studies were identified. Articles were then
excluded for the following reasons: 22 used instrumentation,
a measuring device, or a questionnaire; 16 did not involve
subjects with low back pain; 12 were discussion papers
about reliability issues; five involved procedures that were
not used in the clinical decision making process; and one
involved non-adult subjects. Forty-eight articles were
directly relevant to the review. AB and CL independently
scored each publication according to a standardised set of 14
methodological criteria; differences of opinion were settled
by negotiation and consensus with SM. At the first round
there was agreement between CL and AB of 79.5% on 672
decision items, kappa value 0.56, which were resolved with
CoNnsensus.

There are no established or commonly used criteria for
judging the quality of reliability studies. The authors of
the systematic review (van der Wurff et al 2000) into the
reliability of clinical tests of the sacroiliac joint devised
a criteria checklist consisting of three categories: study
population, test procedure, and test results. Modifications
to this set of criteria have been suggested for determining
reliability in diagnostic tests (Bogduk 2001), which retained
the main categories, but deleted, contracted, or replaced
some specific criteria. Several of these changes seemed to
be relevant to the goals of this study. However several of
the modifications concerned knowledge of subject status,
whether condition positive or control, which was not
relevant to this study. Thus the final methodological criteria
were derived from both (Table 1), and were pilot tested on
three studies before being applied to all.

The criteria (van der Wurff et al 2000, Bogduk 2001) for
methodological assessment from which our criteria were
adopted were weighted, and a similar weighting was applied
in this study. The maximum score was 100 points; a trial
was considered to be of higher quality if it scored 60% or
more.

There is general agreement that if the outcome is nominal
data, kappa is the appropriate statistic; if ordinal data,
weighted kappa; and if continuous data, an intra-class
correlation coefficient (ICC) or the Bland-Altman test

(Streiner and Norman 2003, Bruton et al 2000, Eliasziw et
al 1994, Lantz 1997, Haas 1991, Rankin and Stokes 1998,
Altman 1991). Percentage agreement is generally considered
to be inappropriate as this can be heavily affected by chance
agreement. However there is on-going debate about the
most appropriate statistical evaluation of reliability studies
(Streiner and Norman 2003).

Both kappa and ICC are presented as numerical values less
than 1.00. There is not a consensus about what constitutes a
clinically acceptable level of reliability, but from a statistical
perspective there is no reason to interpret reliability
coefficients differently (Streiner and Norman 2003). Kappa
has been interpreted as follows: 0.00 to 0.20 poor or slight
agreement; 0.21 to 0.40 fair; 0.41 to 0.60 moderate; 0.61 to
0.80 substantial or good; 0.81 to 1.00 very good or almost
perfect (Landis and Koch 1977). Several other authors have
suggested that 0.4 or 0.6 may represent acceptable reliability
(Haas 1991, Seffinger et al 2004, Landis and Koch 1977,
Altman 1991); however this is not in agreement with other
statistical authorities who demand higher values, especially
when individuals rather than groups are being assessed
(McDowell and Newell 1987, Streiner and Norman 2003).
Streiner and Norman (2003, p146) suggest that a kappa value
of ‘0.75 is a fairly minimal value for a useful instrument’,
and McDowell and Newell that “‘values above 0.85 may be
considered satisfactory” (1987, p32).

Regarding the ICC the closer to 1.00 the greater the
reliability, but it has been argued that this numerical value
cannot, by itself, give a true picture of reliability (Rankin
and Stokes 1998). It has been recommended that any useful
measure should have a correlation coefficient of at least
0.6 or 0.7 (Chinn 1991, Nunnally 1978). Other authors
have recommended that when the scores of individuals, as
opposed to groups, are being considered then coefficients of
0.85 or 0.90 are appropriate (McDowell and Newell 1996,
Ware et al 1981, Weiner and Stewart 1984). ICC has been
interpreted as follows: less than 0.40 poor reliability; 0.40
to 0.75 fair to good reliability; greater than 0.90 excellent
reliability (Fleiss 1986).

It was decided, therefore, that the pre-determined criteria
for satisfactory reliability would be 0.85 for both kappa and
ICC. Given that such cut-off points are necessarily somewhat
arbitrary it was determined that a sensitivity analysis would
be conducted by lowering the cut-off point to 0.70.

When justifying such arbitrary criterion it would be helpful
to understand how much error is tolerable in clinical practice
with regard to these procedures; however, this is currently
unknown. The physical examination procedures here are
inherently safe but reliability error may compromise the
diagnostic process which could compromise outcomes.
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For intervention studies, levels of evidence adapted from
van Tulder et al (2003) are detailed in Table 2.

Some studies reported on more than one physical
examination procedure and thus occurred more than once
in the results table. Where the results were presented as
single kappa values or ICC these were presented in the
results table. A number of studies listed multiple results on a
particular procedure—in these instances the range of results
were presented. Studies that used only percentages were
listed but results were not reported. As well as the kappa or
ICC the variance was presented if available. Conclusions
concerning reliability were made with reference to the
quality of the studies.

Results

Of the 48 studies included (listed in alphabetical order by
first author in Table 3) 47 involved analysis of intertester
reliability, nine involved intratester reliability as well,
and one involved intratester reliability only. Multiple
professional groups were evaluated: physiotherapists most
commonly (32 studies); chiropractors (8), physicians (3)
and osteopaths (1) less commonly, and diverse professional
groups in 4 studies. Studies evaluated the reliability of
palpation (24 studies), symptom response (23), observation
(15), classification systems (12), or timed muscle endurance
(3); with some studies evaluating more than one aspect.

Characteristics of the included studies are displayed in
Tables 4 and 5. The mean quality score was 52% (Table
3); common weaknesses involved subjects not being
representative of clinical practice, subjects selected other
than randomly or consecutively, subjects few in number,
procedures not clearly standardised, and failure to provide
adequate measures to reduce possible bias. However 40% of
studies scored more than 60% and were considered higher
quality (totals in bold, Table 3).

Most studies used kappa or ICC, a few failed to provide
adequate statistical analysis, reporting percentage values
only, or percentage agreement greater than that expected
by chance. These studies were listed, but excluded from
the strength of evidence conclusions. Overall levels of
intertester reliability are listed in Table 4.

Palpation  There was conflicting evidence indicating
reliability of identifying the spinal level in two high quality
studies. There was moderate evidence about the low
reliability of passive accessory movements from two high
quality studies and three other studies. There was moderate
evidence about the low reliability of establishing comparable
level and passive physiological movements from two high
quality studies and one other. There was conflicting evidence
about the reliability of evaluating muscle tension or spasm
from three high quality studies, one study reported two
results (four results in total); three results demonstrated lack
of reliability, and one a range of kappa values that crossed
the 0.85 threshold. There was moderate evidence about the
low reliability in determining the existence of a fixation or
‘manipulative’ lesion in eight low quality studies. There
was conflicting evidence about the reliability of ‘instability’
tests in one high quality study, with the prone instability test
demonstrating reasonable reliability.

Symptom response There was conflicting evidence regarding
the reliability of pain response to repeated movements
in two high quality studies and four other studies. There

was strong evidence indicating low reliability of pain on
movement from three high quality studies and one other.
There was strong evidence for the low reliability of pain on
palpation and trigger points from six high quality studies
and seven others; however, in one high quality study and
four others the upper range of kappa values or the upper
95% confidence interval was greater than 0.85.

Observation There was strong evidence indicating low
reliability of detecting a lateral shift by observation
from five high quality studies and two others. There was
conflicting evidence about making judgements on lordosis
by observation from two high quality studies, with two
others demonstrating lack of reliability. There was moderate
evidence about the low reliability in evaluating abnormal
movement, posture, or coupling patterns from one high
quality study and four others. There was moderate evidence
indicating high reliability of timed muscle endurance from
three low quality studies.

Classification systems There was conflicting evidence
regarding reliability of the McKenzie classification system
from three high quality studies; two reported reliability
greater than 0.85, one did not. There was conflicting evidence
about the reliability of the movement impairment system of
classification, at least regarding symptom behaviour, from
two high quality studies. There was moderate evidence
indicating low reliability of the treatment-based classification
system from three low quality studies. There was limited
evidence indicating low reliability of the Canadian Back
Institute classification system from one low quality study.
There was moderate evidence indicating low reliability of
the diagnostic classification system from one high quality
study; however in three or nine of 15 decisions kappa values
or 95% confidence intervals respectively exceeded 0.85.

When the lower threshold of acceptable reliability was
applied only one clear change occurred in the conclusions.
Evidence regarding pain response to repeated movements
changed from contradictory to moderate evidence for
reliability in two high quality and two other studies. The
weight of evidence shifted in two other instances without
creating definite changes. Moderate evidence indicating
low reliability in evaluating abnormal movement became
less clear with one high quality study demonstrating low
reliability and one other study demonstrating reliability. The
conclusion about pain on palpation, strong evidence for low
reliability of pain on palpation and trigger points, became
less clear—in three high quality studies and six others the
upper range of kappa values or the upper 95% confidence
interval was greater than 0.70.

Intratester reliability was evaluated less often and conclusions
from high quality studies were very limited (Table 5). There
was moderate evidence indicating high reliability of timed
muscle endurance from three low quality studies. There was
moderate evidence indicating low reliability of observation
from one high quality and one other study. For palpation
one high quality study included kappa values that nearly
crossed the 0.85 threshold, one other study did, but three
other studies did not. For pain response one high quality
study included kappa values and 95% confidence intervals
that crossed the 0.85 threshold.

Discussion

The general quality of the research into reliability of
procedures is moderate at best. In 50% or more of the studies
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Table 3. Reliability testing—methods score.

Reference* 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Total**
1 Binkley 4 4 0 0 5 0 0 10 5 10 5 5 0 10 58
2 Boline 1988 0 0 0 3 0O 0 10 5 5 0 0 5 10 0 38
3 Boline 1993 0 0 0 3 0o o 0 5 0 0 5 5 10 0 28
4 Clare 2003 4 0 0 3 5 5 10 10 0 10 5 5 0 10 67
5  Clare 2005 4 4 0 3 0 0 10 10 0 10 5 5 10 10 71
6  Cook 4 4 0 0 0o o 0 5 0 10 5 5 0 0 33
7  Delitto 0 0 0 6 5 0 0 10 5 10 5 5 0 0 46
8 Donahue 4 4 7 3 5 5 0 2 5 10 5 5 10 0 65
9 Downey 1999 0 0 0 6 5 0 10 10 0 10 5 5 0 10 61
10 Downey 2003 0 0 0 6 5 0 10 10 0 10 5 5 0 10 61
11  Fedorak 4 0 0 3 5 5 0 10 0 10 5 5 0 10 57
12 French 4 4 0 0 0 o 0 10 0 10 5 5 10 0 48
13 Fritz 2000a 0 0 0 0 5 5 0 5 5 10 5 5 0 10 50
14  Fritz 2000b 4 4 0 3 0 o0 0 10 0 10 0 5 10 0 46
15  Fritz 2003 4 4 0 0 5 0 0 10 0 0 0 5 0 10 38
16  Haswell 4 4 7 3 5 5 10 5 5 10 5 5 10 10 88
17 Hawk 4 0 0 0 0 0 10 10 5 10 5 5 10 0 59
18 Heiss 4 4 0 3 0O 0 10 5 0 10 5 0 10 0 51
19 Hicks 4 4 7 6 5 5 0 10 5 10 0 5 10 10 81
20 Horneij 2002a 0 0 0 6 5 5 0 10 5 10 5 5 10 10 61
21 Horneij 2002b 4 0 0 0 5 5 0 5 0 0 0 5 0 10 34
22  Hsieh 4 0 0 6 5 5 10 5 5 10 5 5 10 0 70
23  Inscoe 4 0 0 0 5 0 0 10 0 0 0 5 10 0 34
24  Keating 0 0 0 3 0 O 0 5 0 0 5 5 10 0 28
25 Keller 4 0 0 6 5 5 0 5 0 0 0 5 10 0 40
26 Kilby 0 4 0 3 0O 0 10 5 0 0 0 5 10 0 37
27  Kilpikoski 4 4 7 3 0O 0 10 10 0 0 0 5 10 0 53
28  Latimer 4 0 0 6 5 5 0 5 5 10 0 5 0 10 55
29 Ljungquist: Inter 4 0 0 0 5 5 0 10 0 0 0 5 0 10 39
Ljungquist: Intra 4 0 0 3 5 5 0 10 0 0 5 5 0 10 47
30 Mabher 4 4 0 10 5 0 10 10 0 10 0 5 0 10 68
31 McCombe 0 0 7 10 5 0 0 10 0 10 0 5 0 10 57
32 McConnell 0 0 0 0 0 O 0 5 0 10 5 5 0 0 25
33 Mootz 0 0 0 6 5 0 0 10 5 0 0 5 10 0 41
34 Nelson 0 0 0 0 0 O 0 0 0 0 0 0 0 0 0
35 Nice 4 4 0 3 5 5 0 10 5 10 0 5 10 10 71
36 Njoo 4 4 0 10 5 0 0 5 5 10 5 5 10 10 73
37 Petersen 4 4 0 10 5 0 10 5 0 10 5 5 10 10 78
38 Razmjou 4 4 7 3 5 0 10 10 5 0 0 5 10 0 63
39 Riddle 4 4 0 10 0O 0 10 5 5 10 0 5 10 0 63
40 Rhudy 0 0 0 0 0O O 0 10 0 0 0 5 0 0 15
41 Sebastian 4 4 0 3 0 O 0 10 0 0 5 5 10 0 41
42  Seymour 0 0 0 0 0O 0 10 5 5 10 5 5 10 0 50
43  Spratt 4 4 0 3 0O O 0 0 0 0 5 5 10 0 31
44  Strender 4 4 0 6 5 5 0 10 5 10 0 5 10 10 74
45  Van Dillen 4 4 0 10 0 5 0 5 5 10 5 5 10 0 63
46  Waddell 0 0 0 3 5 0 0 10 5 0 0 5 0 0 28
47  White 4 4 0 3 5 0 10 5 5 10 5 5 10 10 76
48  Wilson 4 4 0 10 5 0 10 10 0 10 5 5 10 0 73
Possible points 4 4 7 10 5 5 10 10 5 10 5 5 10 10 100
Mean 2.7 2 9 39 316 37 75 21 63 29 438 6.1 4.5 51.7
*first author, date if more than 1 paper by author **totals in bold are higher quality studies (> 60).
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Table 4. Intertester reliability studies—items of physical examination.

Item Reference Statistic! Variance?
Palpation
Identifying spinal level Binkley et al 1995 ICC: 0.69 0.531t00.82
Downey et al 1999 0.92 0.86 to 0.98F
Downey et al 2003 0.09 —-0.05 to 0.23f
Passive accessory movements  Binkley et al 1995 ICC:0.25 0.0t00.39
Hicks et al 2003 —-0.02t0 0.26 —0.26 t0 0.53
Inscoe et al 1995 SP:0.18
Keating et al 1990 —-0.181t0 0.31
Maher & Adams 1994 ICC: 0.03t0 0.37 0.18t0 0.53
Comparable level Downey et al 2003 0.37 0.19 to 0.55f
Passive physiological Keating et al 1990 —0.13to 0.47
movements Strender et al 19979 0.54 and 0.75 0.26 to 0.94f
Strender et al 1997" -0.08 —-0.50 to 0.34f
Muscle tension Boline et al 1988 0.10t0 0.31
Horneij et al 2002a¢ 0.03to 0.68 —-0.22t0 0.92
Horneij et al 2002a¢ 0.56 to 0.94 0.07 to 1.00
Keating et al 1990 —0.14t0 0.32
Muscle spasm Hsieh et al 2000 0.06
Strender et al 19979 0.50t0 0.73 0.30 to 0.90f
Strender et al 1997" 0.43 0.0 to 0.86f
‘Manipulative lesion’/fixation Boline et al 1988 -0.05t00.31
Boline et al 1993 —0.30to 0.56
French et al 2000 0.27
Hawk et al 1999 —-0.421t00.44
Mootz et al 1989 —-0.17 t0 0.17
Sebastian & Chovvath 2004 0.69
Misalignment Keating et al 1990 —0.2810 0.22
Subluxation Rhudy et al 1988 11/15<0.20
Instability tests
—~Posterior shear Hicks et al 2003 0.35 0.20to 0.51
—Prone instability Hicks et al 2003 0.87 0.80to 0.94
Pain response
Pain response to repeated Spratt et al 1990
movements
Centralisation Fritz et al 2000a 0.79 0.78t0 0.81
Kilby et al 1990 0.51
Kilpikoski et al 2002 0.7
Directional preference Kilpikoski et al 2002 0.9
Relevance of lateral shift/ Donahue et al 1996 0.74
component Kilpikoski et al 2002 0.7/0.4
Razmijou et al 2000 0.85/0.95
Seymour et al 2002 0.56
Pain on movement Haswell et al 2004 0.17 to 0.60 —0.08t0 0.79
Hicks et al 2003 0.61 to 0.69 0.44100.84
McCombe et al 1989 0.10to 0.58 -0.13 to 0.90f
Spratt et al 1990
Strender et al 19979 0.51t00.76 0.31to 0.96
Strender et al 1997" 0.06 t0 0.71 -0.1to 1.00
Pain on palpation Boline et al 1988 —0.03t0 0.49
Fritz & Piva 2003 0.35 —-0.33t0 1.00
Hicks et al 2003 0.25t0 0.55 0.11 to 0.67
Horneij et al 2002a¢ 0.36 and 0.41 0.07 t0 0.70
Horneij et al 2002a¢ 0.49 0.15t0 0.83
Maher & Adams 1994 ICC 0.67 t0 0.73 0.5510 0.81

9%
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Item Reference Statistict Variance?
McCombe et al 1989 0.11to 0.50 —0.07 to 0.80f
Spratt et al 1990
Strender et al 19972 0.22 and 0.27 —0.11 to 0.55f
Strender et al 1997° 0.40 to 0.56 7.07t0 0.79f
Strender et al 1997¢ 0.24t0 0.38 —-0.17 to 0.66f
Waddell et al 1982 0.63 and 1.00

Osseous pain Keating et al 1990 0.19t0 0.66
Boline et al 1993 0.481t0 0.90

Soft tissue pain Boline et al 1993 0.401t0 0.78
Horneij et al 2002ad 0.28t0 0.63 -0.021t0 0.92
Horneij et al 2002a® 0.491t0 0.88 0.07 to 1.00
Keating et al 1990 0.13t0 0.59

Trigger point symptoms Hsieh et al 2000 0.008 to 0.33
Nice et al 1992 0.291t00.38 —0.20 to0 0.67f
Njoo & Does 1994 -0.02t0 0.73 -0.99t0 0.96

Observation

Timed muscle endurance

—Abdominals Horneij et al 2002b ICC: 1.00 1.00 to 1.00
Ljungquist et al 1999

—Back extensors Horneij et al 2002b ICC: 1.00 1.00 to 1.00
Latimer et al 1999 ICC:0.85 0.76 t0 0.90

Lateral shift/direction Clare et al 2003 0.26 t0 0.38 0.251t0 0.39
Donahue et al 1996 0.00
Kilpikoski et al 2002 0.2/0.4
Razmijou et al 2000 0.52
Riddle & Rothstein 1993 0.26
Strender et al 1997 0.13 and 0.39 -0.10to 0.67f
Waddell et al 1982 0.53

Lordosis Fedorak et al 2003 0.16 0.00t0 0.48
Razmjou et al 2000 1.0
Strender et al 1997 0.32 —0.26 to 0.90f
Waddell et al 1982 0.71

Visual observation of Boline et al 1993 0.34t00.84

abnormality Keating et al 1990 0.29

Disturbance of normal Waddell et al 1982 0.82

lumbopelvic rhythm Hicks et al 2003 0.00 t0 0.25 —0.15 10 0.60

Coupling patterns Cook et al 2004 0.02t0 0.17

Classifications

McKenzie syndromes/sub- Kilpikoski et al 2002 0.6/0.7

syndromes Razmjou et al 2000 0.7/0.96 0.45 to 0.96/0.88 to 1.00
Riddle & Rothstein 1993 0.26
Clare et al 2005 1.0/0.89 0.35 to 1.00/0.66 to 1.00

Movement system impairment Van Dillen et al 1998k 0.0t0 0.78

categories Van Dillen et al 1998 0.87t0 1.0
White & Thomas 2002 0.02t0 0.62 -0.39t0 0.87

Treatment-based classification Delitto et al 1992™ PCC:-0.1t00.53

system Fritz & George 2000 0.49 and 0.56
Heiss et al 2004 0.14 and 0.15

Canadian Back Institute system  Wilson et al 1999 0.61

Diagnostic classification system Petersen et al 2004 0.26 to 1.00 —0.19to 1.00

Istatistic is kappa or weighted kappa unless ICC (Intra-class Correlation Coefficient), PCC (Pearson Correlation Coefficient)
or SP (Scott’s Pi); where no statistic only % frequency was stated or mean difference and limits of agreement (Ljungquist

et al. 1999). Bolded figures > 0.85. Horneij et al 2002: 9 = first stage; ¢ = following further standardisation of unreliable tests.
Strender et al 1997: 2= paravertebral tenderness; ° = intersegmental tenderness; ¢ = pain or decreased elasticity; 9= testing by
physiotherapist; " = testing by physician. Data for individual items could not be extracted from: McConnell et al 1980, Nelson et
al 1979. Van Dillen et al 1998: X = alignment and movement; ' = symptom behaviour; Delitto et al 1992: ™= mobilisation/flexion/

extension category. 295% confidence interval where given, or f = calculated from original data.
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Table 5. Intratester reliability studies—items of physical examination.

Item Reference Statistic! Variance?
Palpation
Passive accessory movements Inscoe et al 1995 SP:0.421t0 0.61
Muscle evaluation—tension Horneij et al 2002a 0.18t00.84 -0.2510 1.00
‘Manipulative lesion’/fixation French et al 2000 0.47
Hawk et al 1999 -0.17t0 0.85
Mootz et al 1989 -0.091t0 0.48
Pain response
Pain on palpation Horneij et al 2002a 0.56/0.78 0.18t0 1.00
Soft tissue pain Horneij et al 2002a 0.61to0 0.87 0.21t0 1.00
Observation
Timed muscle endurance
—Abdominals Horneij et al 2002b ICC:0.95 0.85t00.98
Ljungquist et al 1999
—Back extensors Horneij et al 2002b ICC:0.91/0.92 0.79t0 0.97
Keller et al 2001 ICC:0.93
Ljungquist et al 1999
Lateral shift Clare et al 2003 ICC: 0.48 to 0.59 0.4310 0.63
Lordosis Fedorak et al 2003 0.50 0.02 t0 0.98

Istatistic is kappa unless ICC (Intraclass Correlation Coefficient), or SP (Scott’s Pi); where no statistic mean difference and
limits of agreement (Ljungquist et al 1999). Bolded figures > 0.85. 295% confidence interval where given.

limitations included: subjects not being representative of
clinical practice, subjects selected other than randomly or
consecutively, procedures not clearly standardised, failure
to provide adequate measures to reduce bias, failure to use
a pilot study to establish consensus, and failure to report
appropriate inferential statistic and a measure of variance.
Between 35% and 49% of studies failed to: give an adequate
description of the procedure, include more than one pair of
examiners, perform multiple testing between examiners, or
report frequencies and agreement rate.

The common types of physical examination procedures
that were evaluated were classified as palpation, symptom
response, timed muscle endurance, observation, or
classification. The pre-established criteria for reliability
were based on a value equal to or greater than a reliability
coefficient of 0.85, with special emphasis being placed
on studies with methods scores equal to or greater than
60%. Using these criteria most procedures commonly
used in the examination of the lumbar spine were found
to have moderate or strong evidence for low reliability
between clinicians or to have conflicting evidence. There
was moderate evidence about the high reliability of timed
muscle endurance from 3 low quality studies; a procedure
in which subjective decision making is minimal. When the
lower threshold for acceptable reliability of 0.7 was applied
evidence concerning pain response to repeated movements
changed from contradictory to moderate evidence for high
reliability in two high quality and two other studies. The
sensitivity analysis was somewhat arbitrary, but appeared to
represent a reasonable level of reliability coefficient without
the compromise inherent in lower values.

The present review involved a systematic and transparent
analysis of reliability studies. It is the first systematic review
to focus on physical examination procedures used by all
professions in the examination of the lumbar spine, and

the first to make an analysis of different types of physical
examination procedures, using the quality of studies to
make conclusions about the levels of evidence. Furthermore
only studies that evaluated reliability in patients with low
back pain were used, and a high threshold for satisfactory
reliability was used. There are not standardised and widely
accepted tools for scoring the quality of such studies.
However the methods scores used were derived from
previous work (van der Wurff et al 2000, Bogduk 2001),
and the quality assessment tool used in this review is similar
to that used in another recent publication (Seffinger et al
2004).

A consistent finding from work in this field is the generally
low reliability of palpation-based assessment, and the
moderate reliability of some examination procedures based
on symptom response (Hestboek and Leboeuf-Yde 2000,
van der Wurff et al 2000, Seffinger et al 2004, van Trijffel et
al 2005). This review found high reliability for timed muscle
endurance and highlighted the potential value of symptom
response with repeated movements.

Reliability is not an absolute property but is dependent on
a number of variables such as the population in which the
procedure is being tested, the prevalence of the attribute,
the bias index, and the threshold of how much reliability
is ‘good enough’ (Sim and Wright 2005, Streiner and
Norman 2003). As it is not possible or appropriate to define
‘reliability” or “‘unreliability” in absolute kappa or ICC values
(Haas 1991) the cut-off points used in this review were
necessarily somewhat arbitrary, but were higher than those
applied in previous reviews and in line with contemporary
interpretations of reliability coefficients (McDowell and
Newell 1987, Streiner and Norman 2003).

Certain caveats should be made about how the results of
this review affect clinical judgements. Direct comparison
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Table 6. Improving reliability studies.

1. Subjects should be patients with the condition of interest, representative of clinical practice and recruited randomly
or consecutively.

2. Procedures should have clear operational definitions with uniform and reproducible descriptions.

3. Several measures should be used to reduce bias, for example the examiner is blinded to the other examiner; results

are sealed; there is an independent adjudicator.

A standardised measure for test outcome.

© No g

Large numbers of patients (at least 50), and multiple pairs of testers.

Frequencies of outcome and agreement must be reported so that prevalence and bias can be considered.
The appropriate inferential statistic should be reported with a measure of variance.
The study should be reported following the STARD statement (Bossuyt et al 2003).

of reliability studies is inappropriate given differences in
statistical analysis, experimental design, prevalence, bias,
and dissimilar scales (Haas 1991, Sim and Wright 2005).
Kappa values are affected by prevalence of sub-groups in the
sample and by “observer expectation bias’ (Lantz 1997), and
are not simply a measure of the reliability of a procedure.
With a large prevalence index the kappa value is lower than
when the prevalence index is low; when there is a large bias
kappa is higher than when bias is low (Sim and Wright 2005).
Because reliability is not an absolute property with clearly
defined numerical values, qualitative judgements between
examination procedures are inappropriate. Interpretation of
reliability studies is also affected by the purpose and the
amount of error acceptable in a decision making process.
Whilst perfect agreement is ‘blatantly absurd’ and a certain
amount of error is unfortunate but unavoidable (Lantz 1997),
if clinical management decisions are to be made from these
procedures then using measures with moderate or high
levels of reliability is clearly preferred to using measures
with low levels of reliability. Low levels of reliability may
compromise the diagnostic process which could compromise
clinical outcomes.

Reliability has been defined as a ratio of subject variance to
subject and error variance, and therefore the way to improve
reliability is to reduce error variance (Streiner and Norman
2003). This may be done by standardising tests, providing
clear operational definitions for their use and interpretation,
training users, and making use of procedures that
demonstrate greater reliability. Traditionally and intuitively
it has been argued that reliability is a necessary precursor to
validity, and that clinical procedures must be reliable to be
used effectively in management decisions.

There are important research implications given that the
quality of the literature in this field has generally been
found to be moderate at best. It has been suggested that
internationally acceptable methods need to be established
for the way reliability research should be performed and
reported (van Genderen et al 2003). Some of the limitations
of previous reliability studies have been detailed above
against the methodological criteria we used to judge quality.
Key suggestions for an improvement in the conduct and
reporting of reliability studies are provided in Table 6.

Conclusions

This systematic review identified 48 studies that evaluated
the reliability of physical examination procedures used in
the assessment of the lumbar spine for non-specific low

back pain. The methodological quality was only moderate,
and conclusions emphasised the findings from high
quality studies, defined as > 60% methods score. Many
commonly used examination procedures were found either
to lack reliability or to have conflicting evidence about their
reliability. Timed muscle endurance tests and evaluation
of symptom response during repeated movements may be
exceptions.

Correspondence Stephen May, Faculty of Health and
Wellbeing, Sheffield Hallam University, Sheffield, UK.
Email: s.may@shu.ac.uk
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