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ABSTRACT
Objective: The purpose of this study was to evaluate the interexaminer agreement and validity of active and passive
pain provocation tests in the lumbar spine.
Methods: Two blinded raters examined 36 participants, 18 of whom were asymptomatic and 18 reported subacute
nonspecific low back pain (LBP). Two types of pain provocation tests were performed: (1) physiological movements
in single (flexion/extension) and, when necessary, combined planes and (2) passive accessory intervertebral movement
tests of each lumbar vertebra in prone with the lumbar spine in neutral, flexion, and extension position.
Results: The interobserver agreement in both groups was good to excellent for the identification of flexion (κ = 0.87-1)
or extension (κ = 0.65-0.74) as the most painful pattern of spinal movement. In healthy participants, 0% was identified as
having a flexion provocative pattern and 8.8% were identified as having an extension provocative pattern. In the LBP
group, 20% were identified as having a flexion provocative pattern vs 60% with an extension provocative pattern. The
average interexaminer agreement for passive accessory intervertebral movement tests in both groups was moderate to
excellent (κ = 0.42-0.83). The examiners showed good sensitivity (0.67-0.87) and specificity (0.82-0.85) to distinguish
participants with LBP using this combined examination procedure.
Conclusion: The use of a combination of pain provocative tests was found to have acceptable interexaminer reliability
and good validity in identifying the main pain provocative movement pattern and the lumbar segmental level of
involvement. These pain provocation tests were able to distinguish participants with LBP from asymptomatic participants
and may help clinicians in directing manual therapy treatment. (J Manipulative Physiol Ther 2014;37:105-115)

Key Indexing Terms: Physical Examination; Diagnosis; Reproducibility of Results; Musculoskeletal Pain;
Musculoskeletal Manipulations; Low Back Pain
Low back pain (LBP) has a high prevalence in
Western societies. It is estimated that up to 84% of
the European population will experience, at least

once in a lifetime, an episode of LBP, with the prevalence
of chronic LBP approximately 23%.1–3
ofessor, Institute of Neuroscience, Faculty of
University of Louvain, Brussels, Belgium.
ing Fellow, The University of Western Australia,

ior Teaching Fellow, School of Physiotherapy,
Health Research Institute, Curtin University of

h, Australia.
nstitute of Neuroscience, Faculty of Motor
sity of Louvain, Brussels, Belgium.
sts for reprints to: Benjamin Hidalgo, PE, PT,
t Professor, Institute of Neuroscience, Faculty of
University of Louvain, Brussels, Belgium
.hidalgo@uclouvain.be).
ed March 19, 2013; in revised form September
d September 20, 2013.
6.00
2014 by National University of Health Sciences.
rg/10.1016/j.jmpt.2013.09.006
Most of LBP is described as nonspecific because a
radiologically identified cause for pain can only be determined
in a small minority of cases. Indeed, there is a poor correlation
between findings on radiologic imaging and symptoms,with a
radiologic diagnosis identified in only 15% of cases.2,4,5

Hence, based on imaging, nonspecific LBP is defined by
the lack of a recognizable, specific pathology and is
usually of unknown origin and etiology.1–3,6 However,
despite this evidence, nociceptive factors have a major
role in acute and subacute nonspecific LBP conditions.
For example, various structures in the lumbar spine are
recognized as causative of LBP due to their innervation.3

In particular the zygapophysial joints, intervertebral
disks, and sacroiliac joints have been determined
as nociceptive sources in 15%,7 40%,8 and 30% of
LBP 2,9,10 cases, respectively. However, the clinical
evaluation of patients with LBP should not focus on
pathoanatomical data alone.3 For example, psychosocial
factors play a major role in explaining the development
of chronic back pain.3,11 Therefore, generally speaking,
in the case of nonspecific LBP, determining a pathoanatomical
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Table 1. Baseline characteristics of asymptomatic participants
and those with nonspecific LBP

Healthy asymptomatic
participants (n = 18),
mean (SD)

Participants with
LBP (n = 18),
mean (SD)

Height (cm) 170.1 (9.2) 172.7 (6.5)
Weight (kg) 67.2 (11.9) 70.3 (12.3)
BMI (kg/m2) 23.1 (2.9) 23.5 (3.4)
Age (y) 32 (8.3) 38 (9.8)
Sex (female) 9 9
Present pain (VAS) – 2.9 (1.3)
Roland Morris

Disability score
– 8.4 (3.3)

Duration of pain (wk) – 6.3 (2.9)

LBP, low back pain; VAS, visual analog scale.
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diagnosis for pain is unhelpful, particularly when used to
drive the management strategy.12 As a consequence,
there has been a call to better define LBP into distinct
subgroups by the development of classification systems
based on clusters of signs and symptoms relevant to
physical therapy.6,12,13

Several classification systems for LBP have been
proposed, but only 4 systems meet the criteria for tailoring
directly manual therapy management and which have been
evaluated scientifically.12,14,15 These 4 systems are the
McKenzie (MK) LBP classification system,16–18 the
Treatment-Based Classification system,6,19,20 the move-
ment system impairment classification for LBP,14,21 and
the motor control impairment or the classification-based
cognitive functional approach.11,22–24 Nevertheless, the
best system for subclassification of people with LBP has not
yet been determined.

The MK and treatment-based classification systems
interpret the patient's symptom behavior with a series of
single and repeated spinal movements and sustained
postures performed during clinical examination. The goal
of the assessment is to identify the directional pattern that
worsens and improves the patient's symptoms. These
modalities of physical examination provide a basis for the
patient's LBP classification and treatment (eg, repeated
spinal movements and sustained positions or passive
spinal mobilization and manipulation, stabilization exer-
cises, or traction).14 In all of these classification systems,
the sagittal plane is of major importance to determine
specific patterns.

Orthopedic manual therapy (OMT) management for an
individual patient is driven by evidence-based practice and
the results obtained from the clinical examination of the
patient together with clinical reasoning.2,6,25,26 Therefore,
the clinical examination should have evidence of sufficient
reliability and validity. However, there are few physical
assessments that demonstrate evidence of such qualities.2,4

Furthermore, there is a generally considered poor correla-
tion between movement impairment and the presence and
severity of LBP.11,24

There are at least 3 general domains in the clinical
assessment of articular dysfunction in LBP: observation of
movement and posture, motion palpation for spinal
segmental mobility, and pain provocation tests.4 Investi-
gations of the reliability of these procedures indicate greater
reliability for tests of pain or symptom provocation rather
than observation or motion palpation.2,4,12,13,27 For exam-
ple, a systematic review reported moderate evidence
regarding the identification of bony landmarks by palpa-
tion, and weak evidence for the evaluation of segmental
mobility and segmental dysfunction requiring treatment in
the lumbar spine.4

The literature suggests that those tests that are the
most reproducible, in clinical examination of the lumbar
spine, are those that are based on symptom repro-
duction.2,4,17,19,27 More specifically, the interexaminer
reliability of pain response during repeated lumbar spinal
movements (in flexion/extension) is the only procedure
to show moderate evidence of high reliability.4 There-
fore, when a physical examination is based on the
response to symptoms, reliability is good, whereas when
it is based on palpation to detect mobility, reliability is
generally low.4,27 Moreover, several studies of good
methodological quality have demonstrated the validity of
movement tests to discriminate people with LBP from
healthy asymptomatic participants using tests of active
spinal movement.5,22,24,28

One form of pain provocation testing that is commonly
used in OMT clinical examination is active movement
tests in single or combined planes. The concept of
combined movement (CM) testing was originally devel-
oped by Edwards29 and is an expansion of the routine
clinical examination. Another form of pain provocation
testing is passive accessory intervertebral movement
(PAIVM) testing. In the concept proposed by Edwards,
information gained from single and combined plane active
movement examination is used together with PAIVM tests
performed in different lumbar spine positions to determine
a pain provocative direction that is more specific to the
patient's problem and is also more functional.2,25,29–31

This pain provocative direction directs manual therapy
management, which aims to reduce pain through restoring
pain-free range of motion in the specific direction. There
have been no studies to date that have investigated the
interexaminer agreement or validity of this approach to
examination of LBP.

Therefore, the purpose of this study was to
investigate the reliability and validity of pain provoca-
tion tests to identify a pain provocative direction.
Specifically, we examined the combination of active
trunk movements with PAIVM of the lumbar spine to
determine a pain provocative direction of flexion and/or
extension and the involved lumbar levels. We also
sought to investigate whether these tests of pain



Fig 1. Single and combined active trunk movement. A, Active flexion with repeated movements (maximum 10 repetitions) and sustained
position. B, Sustained flexion with overpressure. C, CMs in primary flexion then secondary lateral flexion left. D, Active extension with
repeated movements (maximum 10 repetitions) and sustained position. E, Sustained extension with overpressure. F, CMs in primary
extension then secondary lateral flexion right. (Color version of figure is available online.)
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provocation could be used to distinguish participants
with LBP from asymptomatic participants.
METHODS

Study Population
Two groups of participants were investigated (Table 1):

a group of healthy asymptomatic participants (n = 18) and a
group of patients with subacute nonspecific LBP (n = 18).
The inclusion criteria for the asymptomatic group were as
follows: aged between 20 and 65 years, body mass index
(BMI) less than 30 kg m−2 and no back pain for at least 6
months. Asymptomatic participants were recruited on a
voluntary basis in response to posters placed around the
hospital. The inclusion criteria for the LBP group
were as follows: aged between 20 and 65 years, BMI
less than 30 kg m−2, and the presence of nonspecific LBP
for at least 4 weeks.32 A medical doctor confirmed
the diagnosis of nonspecific LBP. The Roland Morris



Fig 2. Passive accessory intervertebral movement tests. A, PA pressure on spinous process in neutral prone position. B, Lateral pressure on
the spinous process in neutral prone position. C, PA pressure on the zygoapophyseal joint in neutral position. D, PA pressure on a spinous
process in flexion prone position. E, Lateral pressure on the spinous process in extension. (Color version of figure is available online.)
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Disability Questionnaire was used to measure disability.
Exclusion criteria included the presence of red flags,
rheumatologic diseases, neurologic deficits, and a history of
spinal surgery. Patients were recruited from outpatient clinics
at the Saint-Luc University Hospital (Belgium) and had
symptoms in the low back area and/or irradiation into the
lower limb but not below the knee. Patients were excluded
from the study if they had a visual analog scale score for pain
greater than or equal to 7/10 on the day of the experiment.
Each patient participated in the study on a voluntary basis and
provided written informed consent, following the principles
of theDeclaration ofHelsinki. This study had ethical approval
from the Commission d'éthique Hospitalo-Facultaire
de l'Université de Louvain-La-Neuve, Brussels, Belgium.
Assessment Procedures
Two blinded observers with postgraduate qualifications

in manual therapy performed the evaluation. One examiner
had 10-year postgraduate clinical expertise in OMT, and the
other was a novice (degree in OMT but without clinical
experience). A third observer recruited the participants,
confirmed participant eligibility for each group, and was the
only person aware of the participant's group status.

Each participant was examined on a single occasion by
both examiners who were blind to each other. During this
assessment, 2 types of pain provocation tests were
performed: first, active movement pain provocation tests
in standing and, second, PAIVM tests in prone. Active
movement comprised single-plane repeated active trunk

image of Fig�2


Table 2. Reliability of pain provocation direction during trunk movements

Healthy asymptomatic participants Participants with LBP

%A κ PABAK %+ %A κ PABAK %+

Repeated flexion 100 – 1 0 86.7 0.45 0.73 13.3
Flexion with overpressure 100 – 1 0 80 0.34 0.6 16.6
CM (F-LFR) a b 100 – 1 0 100 – 1 0
CM (F-LFL) a b 100 – 1 0 93.3 0 0.87 3.3
Repeated extension 100 – 1 0 100 – 1 6.6
Extension with overpressure 94.1 0 0.88 5.8 80 0.65 0.62 50
CM (E-LFR) a c 82.4 −0.09 0.65 2.9 93.3 0 0.87 3.3
CM (E-LFL) a c 94.1 0 0.91 2.9 93.3 0 0.87 3.3
Identification of flexion pattern 100 – 1 0 93.3 0.63 0.87 20
Identification of extension pattern 82.4 0 0.65 8.8 86.7 0.74 0.73 60

%A, percentage agreement between raters;%+, percentage of participants with a positive test result;E-LFL, extension then lateral flexion left;E-LFR, extension
then lateral flexion right; F-LFL, flexion then lateral flexion left; F-LFR, flexion then lateral flexion right; PABAK, prevalence-adjusted bias-adjusted κ.

a Only if previous test results were negative.
b Tests performed in all healthy participants and in 71% of participants with LBP.
c Tests performed in 94% of healthy participants and in 43% of participants with LBP.
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movements including sustained positioning and overpres-
sure in flexion and extension to reproduce or increase pain.
If there were no pain during these spinal movements, then
CMs of the trunk were performed.2,20,25,29,31,33 Passive
accessory intervertebral movement tests were applied to
each lumbar vertebrae (from L1 to L5) in prone position
with the lumbar spine in neutral, flexion, and
extension.27,29,31,33,34 Both examiners performed all tests
successively on the same day, with a short break for the
participant between examiners (10 minutes). The following
2 factors were randomized: order of examiner, and the order
of PAIVM tests or active movement tests.
Battery of Tests
Participants were asked not to inform the examiner of

their group allocation. In addition, examiners used
standardized communication to question participants in a
similar manner on the presence of pain.
SINGLE AND COMBINED ACTIVE TRUNK MOVEMENT

The aim of the active movement examination protocol
was to provoke pain (and therefore identify the pain
provocative direction), in such a way that progressive
strains were placed on the lumbar spine as follows: the
patient started in a standing position and performed a
maximum of 10 trunk flexion movements, maintaining the
knees in extension (Fig 1A). The participant determined a
comfortable movement velocity. During the repetition until
the 10th, the examiner asked the participant about the
presence of pain onset or pain increase. If no pain was
provoked, then the participant's spine was sustained in an
end-range flexion position for a maximum of 10 seconds, or
until pain was provoked.2,16,17,19,33 In the absence of pain
onset or pain increase, the examiner then applied overpres-
sure (Fig 1B) and again seeking the status of pain. The same
procedure was repeated for the movement of trunk
extension (Fig 1D, E). If these procedures did not influence
pain, then CMs were evaluated.29,31,33,35 The participant
was directed to move to a position of flexion or
extension, combined with assisted lateral flexion to the
left and right (Fig 1C, F). The CMs used were as follows:
flexion with lateral flexion left, flexion with lateral
flexion right, extension with lateral flexion left, and
extension with lateral flexion right.29,33

Following these routine clinical examination pro-
cedures, the examiners were required to identify the
most pain provocative direction (flexion or extension) for
each participant.
Passive Accessory Intervertebral Movement
Prior to the examination, the skin overlying each lumbar

spinous process was marked with a visible dermographic
pencil using a previously developed method.27 After this, 5
types of oscillatory PAIVM were applied to each lumbar
vertebra: posteroanterior (PA) pressure on each spinous
process (Fig 2A), as well as PA pressure on the left and
right zygoapophyseal joints (Fig 2B) and lateral pressures
applied on the left and right sides of each spinous process
(Fig 2C). The method of application has been previously
described.16,20,27,31,33,34 All accessory motion tests were
applied in 3 different prone positions: neutral (eg, Fig 2A),
flexed over a 20-cm cushion cylinder (eg, Fig 2D), and an
extended position achieved through the patient resting on
their elbows (eg, Fig 2E).29,31

To improve the standardization of force applied by the
examiners,36 each PAIVM test was standardized according
to the grades of Maitland.33,34 The grades applied were
progressive oscillatory pressure from grades III to IV. The
end point for each test was either pain or end-range
resistance with a grade IV pressure, whichever came first.
Although these tests are used to assess for hypomobility or



Table 3. Reliability of pain provocation with PAIVM from L1 to L5

Healthy asymptomatic group

PA on spinous process PA on zygapophyseal joint right
PA on zygapophyseal
joint left

% A CI95% κ CI95% PABAK CI95% % A CI95% κ CI95% PABAK CI95% % A CI95% κ

μ 87.9 85.9-89.9 0.21 0.10-0.32 0.76 0.72-0.80 85.9 83.2-88.5 0.29 0.15-0.43 0.72 0.67-0.77 87.9 87.1-88.6 0.33

LBP group

PA on spinous process PA on zygapophyseal joint right
PA on zygapophyseal
joint left

% A CI95% κ CI95% PABAK CI95% % A CI95% κ CI95% PABAK CI95% % A CI95% κ

μ 72.5 65.7-79.3 0.43 0.31-0.54 0.45 0.31-0.58 73.8 71.5-76.1 0.42 0.34-0.49 0.48 0.43-0.52 73.4 70.8-76.0 0.43

%A, percentage agreement between raters; CI, confidence interval; LBP, low back pain; PA, posteroanterior; PABAK, prevalence-adjusted bias-adjusted
κ; μ, mean of neutral, flexion, and extension prone positions (from L1 to L5).
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hypermobility, this aspect of testing was not included and
we only assessed for pain provocation. Any pain response
was recorded as a positive response. The examiner recorded
the dichotomous pain response (present or not), vertebral
level at which pain was provoked, and type of accessory
movement that provoked pain. The manual examination by
PAIVM tests when accompanied by a verbal participant
response had previously been demonstrated to be highly
accurate in detecting the lumbar segmental level responsi-
ble for a participant complaint.37,38 All vertebrae were
tested from L1 to L5, and all accessory movements
performed on each vertebral level.
CLINICAL CLASSIFICATION RULE

Both examining therapists were required to state whether
the participant they had tested had LBP or not, determined
by the presence of a painful pattern of flexion or extension
coupled with pain on PAIVM tests.

Hence, a clinical classification rule (CCR) was devel-
oped to identify the presence of LBP. This consisted of 3
criteria that were all required to be positive:

Criteria 1: active movement tests. A predominant pain
provocative movement direction (flexion or extension)
during single, repeated, sustained, or overpressure tests
(Fig 1A, B, D, E), or if required in a CM direction (flexion
or extension combined then with lateral flexion right or
left; Fig 1C, F). After these single or CM tests, the
assessors had to establish themost painful pattern of spinal
movement: that is, positive = flexion or extension and
negative = no painful pattern.
Criteria 2: passive movement tests. At least 2 adjacent
vertebral levels provoked pain on PAIVM tests (Fig 2A-
C): that is, positive = 2 painful adjacent vertebral levels
and negative = 0 or 1 painful vertebral level.
Criteria 3: pain provoked by PAIVM was made worse at
the specific vertebral level, by flexing or extending the
spine (Fig 2D, E), with the direction in concordance with
the direction of active pain provocative movement
previously identified in criteria 1: that is, positive =
concordance and negative = no concordance.
STATISTICAL ANALYSIS

Interexaminer agreement for single and CMs and the
identification of the pain provocative direction (Table 2) as
well as PAIVM tests (Table 3) were calculated by using the
percentage of agreement (%A) and κ test (MedCalc
software, version 11.5; MedCalc, Mariakerke, Belgium).
In some situations, when the prevalence of a given response
to a test is either very high or very low, the interpretation of
the κ statistic does not satisfactorily reflect the true level of
agreement.39 Other statistical tools have been developed to
account for this, such as “prevalence-adjusted bias-adjusted
κ” (PABAK),40 which corrects for this type of bias. κ and
PABAK were interpreted according to the classification of
Blum et al41 (Table 4).

The validity of our CCR for each examiner was
determined by assessing sensitivity and specificity using
the following equations:

Sensitivity¼true positives= true positivesþfalse negativesð Þ

Specificity¼true negatives= true negativesþfalse positivesð Þ

Sensitivity refers to the ability of the CCR to correctly
identify those patients with LBP. Specificity refers to the
ability of the CCR to correctly identify those patients
without LBP.37

One-way analysis of variance (ANOVA) with all
pairwise multiple comparison procedures (Holm-Sidak
method) (Sigmastat 3.5; Systat Software, Inc, San Jose,
CA) was performed in each group on the prevalence of
positive responses during PAIVM with comparison for
factor 2: levels of vertebra (L1, L2, L3, L4, L5). Two-way
ANOVA with all pairwise comparison procedures (Holm-
Sidak method) was performed as well with comparison for



Healthy asymptomatic group

PA on zygapophyseal
joint left Lateral pressure right side of spinous process Lateral pressure left side of spinous process

CI95% PABAK CI95% % A CI95% κ CI95% PABAK CI95% % A CI95% κ CI95% PABAK CI95%

0.14-0.52 0.75 0.74-0.77 91.4 90.6-92.2 0.45 0.33-0.57 0.83 0.81-0.85 91.4 89.3-93.3 0.42 0.39-0.46 0.83 0.79-0.87

LBP group

PA on zygapophyseal
joint left Lateral pressure right side of spinous process Lateral pressure left side of spinous process

CI95% PABAK CI95% % A CI95% κ CI95% PABAK CI95% % A CI95% κ CI95% PABAK CI95%

0.36-0.50 0.46 0.41-0.52 77.1 74.1-80.2 0.43 0.33-0.52 0.45 0.32-0.58 76.0 68.1-84.0 0.46 0.29-0.63 0.52 0.36-0.68

Table 3. (continued)
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factor 1: groups (Healthy and LBP) and for factor 2: levels
of vertebra (Table 5).

All statistical analyses were performed by the first author.
RESULTS

Interobserver Agreement
Single and Combined Active Trunk Movement Tests in Standing. In

healthy participants, the interexaminer agreement of
classification of flexion or extension pattern was good
to excellent, with PABAK values of 0.65 to 1.00 and
%A between examiners ranging from 82.4% to 100%.
Moreover, 0% of healthy participants were identified as
having a flexion pattern, whereas 8.8% were identified
as having an extension pattern. In participants with
LBP, the interexaminer agreement of classification of
flexion or extension pattern was good, with PABAK
values of 0.73 to 0.87 and %A ranging from 86.7% to
93.3%. In the LBP group, 20% were identified as
having a flexion pattern, whereas 60% had an extension
pattern (Table 2).

Passive Accessory Intervertebral Movements. Interexaminer agree-
ment for PAIVM from L1 to L5 in healthy participants
(neutral, flexion, and extension positions) was good for PA
pressure on the spinous process, with PABAK of 0.76 and a
%A of 87.9%; for PA pressure on the right zygoapophyseal
joint, agreement was good, with PABAK of 0.72 and
85.9%A; for PA pressure on left zygoapophyseal joint,
agreement was good, with PABAK of 0.75 and 87.9%A;
and for lateral pressure on the right and left sides of the
spinous process, agreement was excellent, with PABAK of
0.83 and 91.4%A, respectively (Table 3).

The interexaminer agreement for PAIVM from L1 to L5
in participants with LBP (neutral, flexion, and extension
positions) for PA pressure on the spinous process was
moderate, with PABAK of 0.45 and 72.5%A; for PA
pressure on the right zygoapophyseal joint, agreement was
moderate, with PABAK of 0.48 and 73.8%A; for PA
pressure on left zygoapophyseal joint, agreement was
moderate with PABAK of 0.46 and 73.4%A; for lateral
pressure on the right side of the spinous process, agreement
was moderate, with PABAK of 0.45 and 77.1%A; and for
lateral pressure on the left sides of the spinous process,
agreement was moderate, with PABAK of 0.52 and
76.0%A.

One-way ANOVA in the asymptomatic group showed
that there was a significant difference (P b .001) between
levels of vertebra concerning the prevalence of positive
tests and that L5 was significantly different from L1, L2,
L3, and L4. Similar results (P b .001) in the LBP group
were found, with significant differences between L5 and
L1, L2; L4 and L1; and L3 and L1. Two-way ANOVA
determined that the prevalence of positive tests was
different (P b .001) between both groups (Table 5).

The detailed values of PAIVM, interexaminer agree-
ment, and prevalence of positive tests by vertebra are
respectively presented in Tables 3 and 5.
Diagnostic Accuracy of LBP Classification
The sensitivity and specificity of identifying a person

with LBP using the proposed CCR were, respectively, 0.87
and 0.82 for the experienced examiner and 0.67 and 0.85
for the novice. The combined sensitivity and specificity
were, respectively, 0.77 and 0.84.
DISCUSSION

In accordance with previous studies,2,4,5,17,19,22,23 this
study found good interexaminer agreement for active
movement tests of the trunk in asymptomatic participants
and patients with LBP. The reliability of identification of
the most painful pattern (flexion or extension) was also
found to be at least good, which is comparable with other
studies investigating movement classification systems in
people with LBP.5,17,19,20,22,23

In the present study, CM tests were applied in a higher
percentage of asymptomatic participants than in patients



Table 4. Interpretation of the κ according to the classification of
Blum et al41

Agreement κ

Excellent 0.81-1
Good 0.61-0.80
Moderate 0.41-0.60
Weak 0.21-0.40
Negligible 0-0.20
Poor b0
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with LBP. In our protocol, we decided to stop the
progressive strain of spinal movement at pain onset or
pain increase. Most participants with LBP experienced pain
during single, repeated, or sustained active movement tests
or with the application of overpressure. Hence, CM tests
were less frequently required in participants with LBP. The
reproducibility of CM testing has been studied by Haswell
et al.35 Paradoxically, the results showed poor agreement
between raters, which is in contrast to our results. The
reason for this difference remains unclear and may be
related to differences in the frequency that CM tests were
performed or alternatively in differences in examiners
training and participants characteristics.

In accordance with a previous study,42 the prevalence
during clinical examination of positive responses to
PAIVM tests was higher for the lower lumbar vertebrae
than for the upper lumbar vertebrae in both groups.
However, the results of a 2-way ANOVA demonstrated
that the prevalence of positive responses from testing each
lumbar vertebra was more frequent in participants with
LBP, probably because of specific underlying pain
mechanisms in this population. The topographical differ-
ences in pain responses in both groups could perhaps be
explained by the increased predominance of biomechanical
strain and pathoanatomical features in the lower lumbar
area when compared with upper lumbar levels.43,44 Another
explanation might be due to the transition from the mobile
lumbar spine to relatively rigid pelvis, placing physiolog-
ical stress on the lower lumbar segments, sensitizing those
segments. The presence of positive PAIVM tests in
asymptomatic people highlights the importance of identi-
fying more than 1 vertebral level as symptomatic, as
adopted in this study. In addition, this highlights the
importance of using a combination of factors such as the
CCR when distinguishing people with LBP.

There are few studies, to our knowledge, that have
reported on the relative frequency to which each vertebral
level contributes to LBP. However, based on the clinical
observation of vertebral levels that commonly receive
surgery, zygoapophyseal injections, or intervertebral dis-
cography, the lower lumbar spine would appear to be the
more common source of symptoms.42 The precise location
of pain origin in the spine of patients with LBP is of major
importance to manual therapists. The L4 and L5 vertebral
levels, which are frequently found to have pathology in
LBP people, have also been reported to be the most
common vertebral levels to provoke concordant pain during
epiduroscopy.42

The results for interexaminer agreement for tests of
PAIVM are at least comparable with or better than those
obtained in previous studies.27,36–38,45 Previous studies
reported either weak to moderate or moderate to good
agreement for intraobserver reliability when testing PA
pressures only on the spinous process (“spring test”).
Schneider et al27 also reported similar levels of interex-
aminer agreement for palpation of the zygoapophyseal
joints, although they grouped levels into upper and lower
lumbar levels rather than a specific vertebral level.

Similarly to Phillips and Twomey37 and in terms of
manual diagnostic accuracy, the validity (sensitivity and
specificity) of our CCR to identify people with LBP can be
rated as good, especially for the evaluator with better
clinical experience. The sensitivity for the novice examiner
was slightly less than that found for the experienced
examiner. Therefore, the novice examiner should be more
careful to interpret a negative result (because of a higher
chance of false-negative findings) when testing LBP people
with the CCR. The results of this study suggest that pain
provocation using the CCR, when accompanied by a verbal
participant response,37 is an important component of physical
examination to distinguish people with LBP from healthy
participants. This information may be important when one
considers the poor correlation between medical imaging and
LBP, and the poor correlation between information gained
frommagnetic resonance imaging and clinical examination in
people who have LBP.5,42,46
Limitations and Future Studies
There is a major limitation of our report. Validity is

usually determined by comparing the results of a new test
against a criterion standard. Unfortunately, there is no
pathoanatomical criterion standard in the case of nonspe-
cific LBP.3 Furthermore, in the present study, the patient's
own report of pain was used during pain provocation tests
because verbal response during manual diagnosis has
previously been validated in unilevel lumbar spinal block
procedures.37 This approach may constitute an important
limitation of internal validity, but because the method is
easily transferable to a clinical context, it provides
substantial external application. Nevertheless, a recent
study highlights the interest of epiduroscopy as an external
reference to help diagnose the vertebral level of pain in
people with LBP, but this invasive investigation may be
beyond the reach of most manual therapy research.42

A further limitation of our study was that we mainly
assessed for flexion and extension pain provocation
patterns. Combined movement evaluation typically seeks
to identify other patterns of pain provocation (ie, lateral
flexion left and right combined with flexion or extension).



Table 5. Prevalence of positive responses during pain provocation with PAIVM tests

Healthy asymptomatic participants Participants with LBP

PA
PA zyg.
j. R

PA zyg.
j. L

Lat. side
P. R

Lat. side
P. L Means PA PA zyg. j. R

PA zyg.
j. L

Lat. side
P. R

Lat. side
P. L Means

L1 neutral 5.8% 5.8% 5.8% 0.0% 2.9% 4.1% 33.3% 16.6% 33.3% 23.3% 13.3% 24.0%
L1 flexion 2.9% 0.0% 0.0% 2.9% 0.0% 1.2% 20.0% 6.6% 20.0% 30.0% 16.6% 18.6%
L1 extension 11.7% 2.9% 5.8% 5.8% 0.0% 5.2% 46.6% 40.0% 33.3% 26.6% 40.0% 37.3%
L1 means 6.8% 2.9% 3.9% 2.9% 1.0% 3.5% 33.3% 21.1% 28.9% 26.6% 23.3% 26.6%
L2 neutral 0.0% 14.7% 11.7% 2.9% 2.9% 6.4% 40.0% 33.3% 40.0% 30.0% 33.3% 35.3%
L2 flexion 5.8% 8.8% 8.8% 0.0% 2.9% 5.3% 30.0% 23.3% 36.6% 30.0% 30.0% 30.0%
L2 extension 2.9% 17.6% 17.6% 5.8% 2.9% 9.4% 53.3% 36.6% 40.0% 40.0% 30.0% 40.0%
L2 means 2.9% 13.7% 12.7% 2.9% 2.9% 7.0% 41.1% 31.1% 38.9% 33.3% 31.1% 35.1%
L3 neutral 5.8% 5.8% 8.8% 8.8% 8.8% 7.6% 46.6% 30.0% 43.3% 40.0% 40.0% 40.0%
L3 flexion 8.8% 11.7% 5.8% 11.7% 11.7% 9.9% 33.3% 36.6% 50.0% 36.6% 43.3% 40.0%
L3 extension 8.8% 17.6% 11.7% 14.7% 14.7% 13.5% 60.0% 46.6% 46.6% 46.6% 43.3% 48.6%
L3 means a 7.8% 11.7% 8.8% 11.7% 11.7% 10.3% 46.6% 37.7% 46.6% 41.1% 42.2% 42.9%
L4 neutral 8.8% 11.7% 5.8% 20.5% 14.7% 12.3% 36.6% 40.0% 40.0% 53.3% 46.6% 43.3%
L4 flexion 14.7% 8.8% 11.7% 17.6% 23.5% 15.3% 40.0% 33.3% 43.3% 43.3% 43.3% 40.6%
L4 extension 14.7% 17.6% 17.6% 11.7% 20.5% 16.4% 50.0% 36.6% 46.6% 43.3% 50.0% 45.3%
L4 means a 12.7% 12.7% 11.7% 16.6% 19.6% 14.7% 42.2% 36.6% 43.3% 46.6% 46.6% 43.1%
L5 neutral 20.5% 20.5% 20.5% 23.5% 29.4% 22.9% 46.6% 40.0% 45.0% 50.0% 43.3% 45.0%
L5 flexion 11.7% 17.6% 52.9% 64.7% 58.8% 41.1% 43.3% 33.3% 43.3% 53.3% 56.6% 46.0%
L5 extension 20.5% 23.5% 20.5% 17.6% 23.5% 21.1% 46.6% 36.6% 36.6% 53.3% 50.0% 44.6%
L5 meansa,b 17.6% 20.5% 31.3% 35.3% 37.2% 28.4% 45.5% 36.6% 41.6% 52.2% 50.0% 45.2%

Lat. side. P. R/L, lateral (transverse) pressure on spinous process right/left; PA, PA pressure on spinous process; PA zyg. j. R/L, PA pressure on
zygoapophyseal joint right/left.

a P b .001 between L5 and L1-2, L4 and L1, and L3 and L1 in the LBP group (statistical power = 1).
b P b .001 between L5 and L1-4 in the healthy group (statistical power = 1).

Practical Applications
• The CCR that was developed demonstrated
good reliability and validity and can be used
in clinical examination of patients with LBP.

• This CCR may help clinicians in directing
manual therapy treatment.
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Future studies could investigate the reliability of these
patterns. Moreover, owing to the impossibility of blinding
patients to the clinical examination and the consequential
potential Hawthorne effect, patients' verbal response to
pain provocative tests may have been influenced.

In manual therapy, there are various concepts for the
management of LBP including MK,16 Maitland,30,34 Mulli-
gan,47 and various forms of spinal manipulation among
others with different mechanisms of action.26,30,48–52 Even if
the principles of treatment vary from one method to another,
the underlying principles of manual therapy are to reduce
pain. It is essential that the treatment, regardless of the
concept, is performed on the basis of a reliable and valid
clinical examination protocol aimed to correctly classifyLBP.
The results of the current study using pain provocative tests
provide confidence that aspects of CCR examination used in
this study are valid and reliable and can therefore be used in
clinical practice to direct patient management. Nevertheless,
future studies are needed to confirm the value of this
examination protocol. Future studies should integrate more
patientswith different LBP disorders (eg, in acute and chronic
phases) and with more examiners.
CONCLUSION

This study demonstrated that the use of the CCR (3
positive criteria arising from active and passive pain
provocative tests) was found to have good interexaminer
reliability and validity to identify the most provocative
lumbar spine movement direction as well as the lumbar
segmental levels of involvement.
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