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Abstract

Our purpose was to examine the effect of modifying symptomatic movement and alignment tests in
a sample of people with LBP referred to physical therapy. Fifty-one patients (19 males, 32 females;
mean age 37+10.59 y) with LBP and a mean Oswestry Disability Index score of 34+18% were
examined. The examination included 28 primary tests in which patients used their preferred
movement or alignment strategy and reported symptoms. Symptomatic tests were followed by a
secondary test in which the patient’s strategy was standardly modified to correct the spinal alignment
or movement that occurred with the primary test. Symptoms and directions of movement or alignment
modified were recorded. For 82% of the secondary tests, the majority of the patients’ symptoms
improved. For 54% of the secondary tests, some patients required modification of more than one
direction of movement or alignment to eliminate symptoms. The findings suggest that the
modifications described are generalizable across a number of tests with a moderately involved group
of patients, and for individual tests there is variability in the numbers and directions of movements
or alignments that appear to contribute to symptoms. Information obtained from the modifications
is important because it can be used to confirm the patient’s LBP classification and, within the context
of the examination, immediately be used to teach the patient strategies to change movements and
positions that appear to be contributing to his LBP.

1duasnue Joyiny vd-HIN

Keywords
Low back pain; Rehabilitation

Corresponding author: Dr. Linda R. Van Dillen; Program in Physical Therapy, Washington University School of Medicine, 4444 Forest
Park Ave., Campus Box 8502, St. Louis, MO 63108; 314-286-1427 (work); 314-286-1410 (fax); vandillenl@wustl.edu.

Reprints will not be available from the authors.
The study was conducted in St. Louis, Missouri at the Program in Physical Therapy, Washington University School of Medicine.
Presented in part, at the Combined Sections Meeting of the American Physical Therapy Association, Tampa, FL, February 13, 2003.

1duasnue Joyiny vd-HIN

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Van Dillen et al.

Page 2

1. Introduction

Examinations to identify the mechanical factors contributing to a patient’s low back pain (LBP)
often include active movement tests and alignment tests in which symptoms are assessed.
Judgments of impairments are also often made. Traditionally, such examinations have focused
on symptoms with a variety of trunk movements and positions including (1) single (Cyriax,
1982; Cailliet, 1988; Moffroid et al.,1994; Maitland & Edwards, 1986a; Delitto et al., 1995;
Van Dillen et al., 1998; McKenzie and May, 2003a; Spratt et al., 1990) and repeated trunk
movements (McKenzie and May, 2003a; Delitto et al., 1995; Spratt et al., 1990), (2) combined
trunk movements with and without overpressure (Maitland, 1986b; Edwards, 1994) or (3)
sustained end-range trunk positions (McKenzie and May, 2003a; Delitto et al., 1995; Moffroid
et al., 1994). Some of the examinations are used to classify the LBP (McKenzie & May,
2003b; Moffroid et al., 1994; Delitto et al., 1995; Sahrmann, 2002). The overall goal of testing
is to identify the trunk movements and alignments that increase or decrease the patient’s
symptoms. Based on the findings various treatments may be implemented with the goal of
improving the LBP problem.

Work has been ongoing to examine properties of one of these examinations (Van Dillen et al.,
1998) used clinically to classify LBP problems (Sahrmann, 2002). Briefly, the examination
includes primary tests of trunk movements and alignments as well as limb movements.
Symptoms are assessed and impairments are identified. Each test is presumed to be associated
with the direction(s) of flexion, extension, rotation, rotation and extension or rotation and
flexion. The patient performs a primary test once using his preferred strategy and reports
symptoms. Standardized modifications for a subset (N=9) of primary tests were initially
included based on the observation that symptoms often decrease by modifying how the patient
moves or aligns the lumbar region during tests and functional activities. These are referred to
as secondary tests. Overall, modifications involve (1) restricting movement of the lumbar
region while encouraging movement in other regions, for example, the thoracic region or hip
joint, or (2) positioning the lumbar region in as close to a neutral alignment as possible (Adams
etal., 2002; McGill, 2002). If a primary test increases symptoms the associated secondary test
immediately follows. Symptoms are compared to those with the primary test. A patient’s LBP
is classified based on the direction(s) of alignment and movement most consistently associated
with a change in symptoms and impairments across the examination. A change in symptoms
in this case refers to symptom behavior both with primary tests and with secondary tests. For
example, a patient might report (1) an increase in symptoms with the flexion-related primary
tests, (2) a decrease in symptoms with the associated flexion-related secondary tests, and (3)
no change in symptoms with tests associated with other directions of movement and alignment.
The patient’s LBP classification would be lumbar flexion. Proposed LBP classifications
include lumbar (1) flexion, (2) extension, (3) rotation, (4) rotation with flexion, and (5) rotation
with extension (Sahrmann, 2002).

A preliminary study was conducted to examine whether the subset of secondary tests actually
resulted in a decrease in symptoms. Overall, the majority of patients reported a decrease with
eight of nine tests (Van Dillen et al., 2003a). These findings were important because they

suggested that systematically modifying symptomatic tests could provide a clinical method for
identifying the specific directions of movement and alignment that appear to contribute to the
patient’s LBP. Such data, therefore, provides confirmatory information for classifying the LBP.

Although these findings were encouraging, the effects were examined in only nine secondary
tests. However, to obtain an adequate sample of tests of the directions of movement and

alignment proposed to characterize different LBP subgroups (Sahrmann, 2002; Van Dillen et
al., 2003b), we currently include 28 primary tests. We also know that patients vary in the types
and numbers of primary tests that are symptom-provoking (Van Dillen et al., 2003b; VVan Dillen
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etal., 2001a). For example, a patient with a rotation with flexion problem may report symptoms
with only 30% of flexion-related tests and 25% of rotation-related tests. Thus, in order to
confirm a patient’s classification we considered it essential to have secondary tests defined for
each primary test. During our preliminary study we also did not document the (1) specific
directions of movement and alignment modified or (2) extent of symptom change (decreased
versus (vs.) eliminated). Such information would not only provide more specific confirmatory
information, the consistency of responses could potentially lend insight into a patient’s
prognosis for rehabilitation. Finally, only 55% of our sample was recruited from clinics and
many had already received treatment for their current LBP. The generalizability of the findings
to clinically based, untreated patients, therefore, was limited. For these reasons we chose to
examine patients with LBP on their first clinical visit using a revised examination that included
secondary tests for all primary tests. We also recorded the specific directions of movement or
alignment modified and extent of change with each test.

The primary purposes of the current study were to examine (1) whether our preliminary findings
would generalize to a greater number of secondary tests in a more involved group of patients
than the prior sample, (2) the percentages of patients who reported a decrease vs. elimination
of symptoms, and (3) the directions of modifications with each test that resulted in an
elimination of symptoms. We hypothesized that (1) the majority of patients would report a
decrease or elimination of symptoms with each of the secondary tests, and (2) some patients
would require more than one direction to be modified with individual secondary tests to
eliminate symptoms.

2. Methods

Subjects

Subjects were recruited from consecutive patients with a LBP-related diagnosis referred for
treatment to a university-based outpatient physical therapy clinic in the St. Louis metropolitan
area. At their initial visit, all patients with a LBP-related medical diagnosis on the physician’s
referral were given a self-report form with a list of the exclusion criteria. The patient was
eliminated if he answered positively to any of the criteria. Patients between 18 and 75 years of
age who had symptoms related to a LBP problem in either the region of the lower back,
proximal lower extremity (LE) or distal LE (Spitzer et al., 1987) were eligible for inclusion in
the study. Subjects were excluded if the patient reported, or had a diagnosis on their referral
of spinal stenasis, osteoporosis, spondylolisthesis, spinal fusion, rheumatoid arthritis,
ankylosing spondylitis. Subjects were also excluded in the case of severe kyphosis or scoliosis,
neurological disease that required hospitalization, current treatment for cancer, or had current
medical complications involving the spine. All patients who met the criteria read and signed
an informed consent approved by the Washington University Medical School Human Studies
Committee before participating. Table 1 provides the sample characteristics of the 51 patients
(37% male, 63% female) who participated.

Examination Items

The items of interest were the primary and secondary tests from the standardized clinical
examination (Van Dillen et al., 1998). The primary tests included 7 tests of trunk alignment,
5 tests of trunk movement and 16 tests of limb movements (eight/side). Secondary tests were
defined for each primary test (See Appendix 1). For each secondary test the examiner would
give verbal instructions and physical assistance. Directions of movement or alignment
modified were recorded (See Appendix 1). Figures 1 and 2 provide examples of modifying a
trunk alignment and a limb movement, respectively.
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The possible symptom responses included increased, same, decreased or eliminated (Van
Dillen et al., 2001b). Appendix 2 provides the operational definitions. Inter-rater reliability of
examiners performing 28 of the 56 tests in the current study has been reported (Van Dillen et
al., 1998). Kappa coefficients for some items were attenuated due to low prevalence rates
(Feinstein & Cicchetti, 1990). Using a test-retest design, reliability of the two examiners was
also examined performing tests in the current study on 7 patients with LBP. Percent agreement
values for assessment of symptoms for two of the secondary tests, modification of forward
bend and of flexed sitting were 70%. Percent agreement values for the remaining tests ranged
from 80% to 100%. Percent agreement values for the movement and alignment judgments
ranged from 65% to 100%. Additional reliability statistics were not calculated due to sample
size (Cicchetti & Sparrow, 1981).

Each patient was examined on the first visit to the clinic by one of two trained physical
therapists. The therapists were 42 and 25 years of age. One therapist had 17 years of experience
and the other therapist had just completed her Master’s degree in Physical Therapy. For each
patient the sequence of test positions (standing, sitting, supine, side lying, prone, quadruped)
was randomized to control for order effects.

Data Analysis

3. Results

Data analysis was performed using Systat version 10.2 for Windows (SPSS, Inc., Chicago, IlI).
Descriptive statistics were calculated for patient characteristics and diagnoses. Frequencies
and percentages of symptom responses for each secondary test were calculated for only those
patients who reported an increase in symptoms with the corresponding primary test. For each
secondary test a Chi-square goodness of fit analysis then was performed on the frequencies of
responses to examine if the percentages of patients in each of 3 response categories (decreased,
same, increased) were different. The decreased response for this analysis included patients with
a decrease or an elimination of symptoms. To examine how much symptoms improved, a one-
way analysis of variance (ANOVA) was conducted on the percentage of patients with a
decrease vs. elimination of symptoms. Finally, to examine if more than one direction of
movement or alignment had to be modified to eliminate symptoms, frequencies and
percentages of the directions modified were calculated. These statistics were calculated for
each secondary test for only patients who reported an elimination of symptoms. The probability
level for all significance testing was set at the P<.05 level.

Patient Characteristics

Exceptions

Descriptive statistics for patient characteristics are summarized in Table 1. The majority of
patients (64%) were referred with a diagnosis of LBP. Ten percent were diagnosed as a lumbar
sprain or strain, 8% as lumbar radiculopathy and 8% as lumbar segmental dysfunction. Four
percent were diagnosed as degenerative disc or joint disease and another 4% were myofascial
pain. Finally, 2% were referred with a diagnosis of lumbago.

Three percent (49/1428) of the total responses for the primary tests were not obtained. Nine
patients were unable to provide a response for at least one of the primary tests. Five (56%)
patients did not schedule sufficient time, three had neck, shoulder, or knee pain that limited
some positions and one could not assume quadruped due to obesity.
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Secondary Tests

Appendix 1 includes a list of the secondary tests and directions of lumbar region movement or
alignment that potentially would need to be modified to decrease symptoms. Table 2 lists the
secondary tests and the percentages who reported a decrease in symptoms with each secondary
test. Overall, all 51 patients reported a decrease or elimination of symptoms with one or more
of the 28 tests. The mean percentage of patients who reported a decrease in symptoms was 84
+10% with a range of 100% to 58%. The majority of patients reported a decrease in symptoms
for 23 (82%) of the 28 secondary tests (all comparisons P<.05). The five tests in which the
majority did not report a decrease in symptoms included two trunk alignment (left side lying
and quadruped) and three right limb movement tests (hip abduction/lateral rotation, hip lateral
rotation and shoulder flexion in quadruped). For each of the secondary tests some patients
reported a decrease and some reported an elimination of symptoms. On average, 52+3%
reported a decrease in symptoms and 48+4% reported an elimination of symptoms (F=0.55,
P=0.460). For six of the seven trunk alignment tests (86%) all patients required only one
direction of alignment modified. One patient required modification of two directions of
alignment with left side lying. For all five of the trunk movement tests (100%) some patients
required modification of two directions of movement. Finally, for nine of the 16 limb
movement tests (56%) some patients required modification of two directions of movement.
These tests included knee extension in sitting (bilateral), hip and knee flexion in supine
(bilateral), knee flexion in prone (bilateral), hip extension in prone (bilateral), and right arm
lift in quadruped.

4. Discussion
Primary Findings

Our purpose was to examine, in patients at their initial physical therapy visit, the effects of
standardly modifying examination tests used to classify LBP. The findings from the current
study extend the findings from our preliminary work (Van Dillen et al., 2003a). The
modifications can be applied to all of the primary tests and to a clinically-based group of
patients with higher levels of symptoms and LBP-related disability than our original study
(Table 1). A significant number of patients reported an improvement in their symptoms with
71% of the alignment tests and 86% of the movement tests (Table 2). On average, patients’
symptoms were decreased 50% of the time and eliminated 50% of the time with the secondary
tests. Finally, for individual tests we identified the numbers of directions of movements or
alignments required to eliminate symptoms. These findings are important because (1) they
suggest it is possible to obtain immediate information about whether the patient’s symptoms
can be changed by direction-specific modifications, (2) many patients improve with the
modifications, and (3) some patients will require modification of more than one direction of
movement or alignment to eliminate symptoms. The specific movement and alignment
information and response to modifications is essential for confirming the patient’s direction-
specific LBP classification. Classifying LBP problems is important for direction of treatment
and prognosis (Spitzer et al., 1987).

Clinical Relevance

The findings from the described methods are used to assist in classifying the movement-system
aspect of a patient’s LBP problem (Sahrmann, 2002). The findings are of particular relevance
because tests are given more significance in the decision-making process if a primary test
produces increased symptoms and the associated secondary test produces decreased symptoms.
Thus, each modification provides the clinician with immediate and confirmatory information
about the specific direction(s) of movement or alignment related to the patient’s LBP. Because
patients vary in the type and number of tests that are symptomatic, it is essential to have methods
that confirm the specific movements and alignments contributing to the patient’s symptoms
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for each examination test to effectively classify the LBP. The classification assigned describes
the direction(s) of movement and alignment that are most consistently associated with changes
in symptoms and impairments identified across the examination. Such changes in symptom
behavior are considered both during primary and secondary tests associated with a particular
direction of movement or alignment. For example, an increase in symptoms with primary tests
associated with lumbar region flexion, a decrease or elimination of symptoms during the
associated secondary tests and no change in symptoms with primary tests associated with other
directions of movement and alignment would result in a flexion-related classification.
Considering the classification identifies the movement-system contribution to the LBP
problem it can then be used to direct treatment. Treatment includes (1) education about how
generalizing the identified movement and alignment strategies across multiple activities
potentially contributes to acceleration of lumbar region tissue stress and symptoms (Mueller
& Maluf, 2002), and (2) modification of strategies through retraining of functional activities
and exercise. For example, a patient classified as lumbar flexion would be educated about his
tendency to flex the lumbar region with multiple functional activities. The patient would be
educated about how the repetitive use of flexion movements and alignments across the day
potentially contributes to increased lumbar region tissue stress and symptoms, particularly
because they are performed in the same direction. Each of the patient’s symptom-provoking
functional activities, as well as those frequently repeated throughout the day, then would be
observed, analyzed and modified. Emphasis would be placed on modifying the activities so
the patient could accomplish the activities without the use of lumbar flexion. Finally, secondary
test modifications that resulted in a decrease or elimination of symptoms with primary tests
from the examination would be prescribed as exercises.

The secondary test responses are also considered to be related to the patient’s prognosis in two
ways. First, based on clinical observation, it appears that the course of the different LBP
classifications identified, in part, with the secondary tests, may differ. Knowledge of prognoses
for different classifications will assist the clinician in treatment and goal setting. Second, if the
patient’s modifications are readily implemented and improve symptoms the prognosis for
treatment is likely to be good. Thus far, descriptive and pilot work examining classification-
based treatment based, in part, on the associated modifications, has resulted in positive short-
and long-term outcomes (Maluf et al., 2000; Harris Hayes et al., 2005; Van Dillen et al.,
2005; Van Dillen & Sahrmann, 2006). Future randomized clinical trials, however, comparing
classification-based treatment to other treatments are required to fully test these preliminary
outcomes.

Prior Literature

McKenzie described a symptom assessment method in which the patient performs single and
repeated end-range spinal movements or assumes sustained end-range spinal alignments
(McKenzie and May, 2003a). The findings from testing are used for LBP classification to assist
in treatment and prognosis. Similar to the current study, Donelson et al. examined patients’
responses to McKenzie’s testing within a single session in patients with varying levels of acuity
and symptom location (Donelson et al., 1991). The authors reported that more subjects’
symptoms improved with repeated extension than repeated flexion movements. Because we
do not perform repeated spinal movements for symptom assessment the current findings can
not be directly compared to the Donelson et al. study. Both studies, however, suggest that the
majority of patients appear to positively respond to the described methods of symptom testing.
Future studies need to compare the characteristics of patients who respond positively to one,
both, or neither of the symptom assessment methods to determine the optimal methods to be
applied to different patient types.
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The McKenzie method appears applicable to a number of people with LBP (Long et al,
2004; Fritz et al., 2003), and centralization has been related to a good prognosis (Donelson et
al, 1990; Long, 1995). There is data, however, to suggest that not all patients will respond
systematically to the described symptom testing (Fritz & George, 2000; Fritz et al., 2003; Long
etal., 2004) and a suggestion that treatment effects based on results of the McKenzie symptom
testing are not always consistent (Delitto et al., 1995). Considering the majority of people in
the current study improved with the tests examined, the described methods could provide an
alternative method for those who do not systematically respond to McKenzie methods.

Acuity and Location of Symptoms

Limitations

We did not examine differential effects of the secondary test methods based on acuity or
location of symptoms. These were not performed because currently there is no theoretical basis
to suggest that the results of individual secondary tests or the different classifications we
identify based, in part, on the secondary test results would differ based on these variables. The
primary directions of movement and alignment that are considered to contribute to a patient’s
LBP are considered to be the same irrespective of acuity or symptom location. For example,
a patient classified with lumbar rotation with flexion (1) may seek treatment in the acute,
subacute, or chronic stage and (2) may or may not have symptoms that extend to the proximal
or distal LE. Based on pilot work and clinical observation we do know that, within a patient,
what may vary based on acuity or location is the (1) number of primary tests that are
symptomatic, and (2) extent of change in symptoms (decreased vs. eliminated) with secondary
tests (unpublished data).

One potential limitation is that not all patients completed all 28 primary tests (Table 3). Only
four patients, however, were unable to perform some of the tests because of their LBP problem
(Table 3). Because of the number and interrelationships among the tests (Van Dillen et al.,
2003b), missing responses to some of the tests should not preclude classification. A second
potential limitation is that only a minimal amount of testing has been done on the reliability of
clinicians inexperienced in the use of the symptom testing and examination (Turner et al.,
2005). The findings from the current study, therefore, may not be easily replicated. Future
studies could focus on training inexperienced clinicians to determine if similar changes in
symptoms can be obtained. A third limitation is that the prognostic value of the findings from
the symptom testing is speculative at this point in time. The data currently available are case
reports of people with LBP who responded positively to the symptom testing and were treated
based on results of the testing and their LBP classification, and a pilot study of outcomes of
people treated based on their LBP classification compared to an untreated group of people with
LBP (Maluf et al., 2000; Harris Hayes et al., 2005; Van Dillen, et al., 2005;Van Dillen &
Sahrmann, 2006). Longitudinal studies of outcomes of patients who do and do not respond
positively to the symptom testing are indicated. A fourth limitation is that the symptom testing,
classification system and treatment based on the results of symptom testing are based on a
proposed conceptual model for LBP that is not fully tested. Work is ongoing to test assumptions
of the proposed LBP model (Van Dillen et al., 2001a; VVan Dillen et al., 2003a; Van Dillen &
Sahrmann, 2006; Gombatto et al., 2006; VVan Dillen etal., 2007; Gombatto et al,, 2007; Scholtes
& Van Dillen, 2007) and to test the reliability and validity of the classification system based
on the proposed model (Van Dillen et al., 1998; Maluf et al., 2000; Van Dillen et al, 2003b;
Norton et al., 2004; Harris Hayes et al., 2005; Turner et al., 2005; Van Dillen et al., 2005; Van
Dillen & Sahrmann, 2006). Considering the status of testing, the validity of the assumptions
underlying the effects of the described symptom testing is still tentative. A fifth limitation is
the current study is focused on only some of the variables that would assist in understanding
and identifying the various contributions to the patient’s LBP problem. Consistent with the
biopsychosocial model (Waddell, 1998), information about several other variables (history,
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self-report, laboratory measures) are essential to designing treatment and prognosing. The
variables focused on in the current study provide insight only into some of the movement-
system variables potentially contributing to the LBP problem. A final limitation is that we do
not know if any of the patients in our sample demonstrated high levels of fear-avoidance
behavior (Waddell et al., 1993). We would assume, however, that if this was an issue a patient
would avoid performing any tests that increase symptoms. The four patients who did not
perform a few of the tests because of their LBP did perform other tests that increased symptoms.
Future work could examine how people who display different levels of fear-avoidance behavior
respond during the tests described.

5. Conclusions

The findings suggest that the modifications are generalizable across a number of tests and to
aclinically-based sample of patients who have not been treated for their current LBP, and result
in a decrease in symptoms in the majority of patients. Additionally, for many tests there is
variability in the numbers of movements or alignments that appear to contribute to symptoms
and that would need to be modified to improve symptoms. Information obtained from the
modifications is important because it can be used to assist in confirming a patient’s LBP
classification and thus, assist in directing treatment and prognosis.

Appendix 1

Directions of Movement or Alignment Potentially Needed to be Modified
During Secondary Tests to Decrease Symptoms

Primary tests are tests in which the patient assumes a trunk position or performs a trunk or limb
movement using his preferred strategy. Symptoms with each primary test are monitored and
compared to a reference position or movement. Any symptom-provoking primary test is
immediately followed by a secondary test. Secondary tests are directed at decreasing the
patient’s symptoms compared to symptoms during the associated primary test. The primary
goal of the secondary tests for alignment is to attempt to position the lumbar region in as close
to a neutral alignment (Adams & Dolan, 1995; McGill, 2002) as possible. The primary goal
of the secondary tests for movement is to restrict or eliminate movement of the lumbar region
while encouraging movement in other regions such as the thoracic region, shoulder joint or hip
joint. Tests that involve movement of the limbs or movement of the trunk in the frontal or
horizontal plane are performed both to the left and to the right. Specific directions of lumbar
region movement or alignment may need to be modified to successfully decrease symptoms
with individual secondary tests. The directions of movement or alignment that would
potentially need to be modified for each test are provided below.

Secondary Test Flexion™ Extension” Rotation™ T Flexion and Rotation™ Extension and Rotation™
Tests of Trunk

Alignment

Sitting: Flexion X X

Sitting: Extension X X

Supine X

Side lying X X X

Prone X

Quadruped X X X X X

Man Ther. Author manuscript; available in PMC 2010 February 1.
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T 1 1

Secondary Test Flexion™ Extension” Rotation Flexion and Rotation Extension and Rotation

Indicates only one direction of movement or alignment would need to be modified to decrease symptoms.

7LBecause rotation and lateral bending are coupled motions in the lumbar region (Pearcy & Tibrewal, 1984; White & Panjabi, 1990) we currently categorize
either of these as rotation.

ilndicates both directions of movement or alignment would need to be modified to decrease symptoms.

Secondary Test Flexion™ Extension” Rotationwr Flexion and Rotation;t Extension and Rotation;t
Tests of Trunk

Movement

Standing: Forward bend X X

Standing: Return from X X

forward bend

Standing: Lateral bend X X X
Quadruped: Rock back X X X

Indicates only one direction of movement or alignment would need to be modified to decrease symptoms.

fBecause rotation and lateral bending are coupled motions in the lumbar region (Pearcy & Tibrewal, 1984; White & Panjabi, 1990) we currently categorize
either of these as rotation.

;tlndicates both directions of movement or alignment would need to be modified to decrease symptoms.

Secondary Test Flexion™ Extension” Rotation”™T Flexion and Rotation* Extension and Rotation*
Tests of Limb

Movement

Supine: Knee extension X X X

Supine: Hip and knee X X X X

flexion

Supine: Hip abduction X

and lateral rotation

Indicates only one direction of movement or alignment would need to be modified to decrease symptoms.

7LBecause rotation and lateral bending are coupled motions in the lumbar region (Pearcy & Tibrewal, 1984; White & Panjabi, 1990) we currently categorize
either of these as rotation.

ilndicates both directions of movement or alignment would need to be modified to decrease symptoms.

T i ¥

Secondary Test Flexion™ Extension” Rotation” Flexion and Rotation Extension and Rotation

Tests of Limb Movement

Prone: Knee flexion X X X
Prone: Hip lateral rotation X
Prone: Hip medial rotation X
Prone: Hip extension X X X
Quadruped: Shoulder flexion X
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*
Indicates only one direction of movement or alignment would need to be modified to decrease symptoms.

7LBecause rotation and lateral bending are coupled motions in the lumbar region (Pearcy & Tibrewal, 1984; White & Panjabi, 1990) we currently categorize

either of these as rotation.

;'Indicates both directions of movement or alignment would need to be modified to decrease symptoms.

Appendix 2

Operational Definitions for Symptom Responses for Primary and Secondary
Tests

1. Increased: Symptoms were evoked or increased in intensity, or extended more
distally.

2. Same: Symptoms were unchanged in intensity or location.
3. Decreased: Symptoms were diminished in intensity, or were located more proximally.

4. Eliminated: Symptoms were eliminated.

In instances in which the findings for proximal and distal symptoms are
different, the examiner prioritizes the behavior of the most distal symptoms
to decide on the response (Van Dillen et al., 2001b).

Acknowledgements

The authors wish to acknowledge Tom Susco, A.T.C, D.P.T. for his assistance in data processing and analysis and
Kate Crandell, M.S.P.T. for her assistance in pilot work related to the methods for the tests described.

This work was funded by the National Institute of Child Health and Human Development, National Center for Medical
Rehabilitation Research, Grant #1 KO1HD-01226-05 and Grant#5 T32 HD07434-10.

Reference List

Adams, MA.; Bogduk, N.; Burton, K.; Dolan, P. The Biomechanics of Back Pain. Vol. 1. Vol. 10.
Edinburgh, England: Churchill Livingstone; 2002.

Adams MA, Dolan P. Recentadvances in lumbar spinal mechanics and their clinical significance. Clinical
Biomechanics 1995;10:3-19. [PubMed: 11415526]

Bolton JE. Accuracy of recall of usual pain intensity in back pain patients. Pain 1999;83:533-539.
[PubMed: 10568862]

Cailliet, R. Low Back Pain Syndrome. Vol. 2. Philadelphia, PA: F.A Davis; 1988. Clinical application
of low back mechanics in the diagnosis and treatment of pain syndromes; p. 49-57.

Cicchetti DV, Sparrow SA. Developing criteria for establishing interrater reliability of specific items:
Applications to assessment of adaptive behavior. American Journal of Mental Deficiency
1981;86:127-137. [PubMed: 7315877]

Cyriax, J. Textbook of Orthopaedic Medicine. VVol. 8. London: Bailliere Tindall; 1982. The lumbar region:
Examination; p. 253-279.

Delitto A, Erhard RE, Bowling RW. A treatment-based classification approach to low back syndrome:
Identifying and staging patients for conservative treatment. Physical Therapy 1995;75:470-485.
[PubMed: 7770494]

Donelson R, Grant W, Kamps C, Medcalf R. Pain response to sagittal end-range spinal motion. A
prospective, randomized, multicentered trial. Spine 1991;16:5206-S212. [PubMed: 1830700]

Donelson R, Silva G, Murphy K. Centralization phenomenon. Its usefulness in evaluating and treating
referred pain. Spine 1990;15:211-213. [PubMed: 2141186]

Man Ther. Author manuscript; available in PMC 2010 February 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Van Dillen et al.

Page 11

Edwards, BC. Clinical assessment: The use of combined movements in assessment and treatment. In:
Twomey, LT.; Taylor, JR., editors. Physical Therapy of the Low Back. Vol. 2. New York: Churchill
Livingstone Inc; 1994. p. 197-220.

Fairbank JC, Couper J, Davies JB, O’Brien JP. The Oswestry low back pain disability questionnaire.
Physiotherapy 1980;66:271-273. [PubMed: 6450426]

Feinstein AR, Cicchetti DV. High agreement but low kappa: I. The problems of two paradoxes. Journal
of Clinical Epidemiology 1990;43:543-549. [PubMed: 2348207]

Fritz JM, Delitto A, Erhard RE. Comparison of classification-based physical therapy with therapy based
on clinical practice guidelines for patients with acute low back pain: A randomized clinical trial.
Spine 2003;28:1363-1371. [PubMed: 12838091]

Fritz JM, George S. The use of a classification approach to identify subgroups of patients with acute low
back pain. Interrater reliability and short-term treatment outcomes. Spine 2000;25:106-114.
[PubMed: 10647168]

Gombatto SP, Collins DR, Sahrmann SA, Engsberg JR, Van Dillen LR. Gender differences in pattern of
hip and lumbopelvic rotation in people with low back pain. Clinical Biomechanics 2006;21:263—
271. [PubMed: 16376467]

Gombatto SP, Collins DR, Engsberg JR, Sahrmann SA, Van Dillen LR. Patterns of lumbar region
movement during trunk lateral bending in two different subgroups of people with low back pain.
Physical Therapy 2007;87:441-454. [PubMed: 17374634]

Harris Hayes M, Sahrmann SA, Van Dillen LR. Classification and treatment outcomes of a patient with
lumbar extension syndrome. Physiotherapy Theory & Practice 2005;21:1-16. [PubMed: 16385938]

Long AL, Donelson R, Fung T. Does it matter which exercise? A randomized control trial of exercise
for low back pain. Spine 2004;29:2593-2602. [PubMed: 15564907]

Long AL. The centralization phenomenon: Its usefulness as a predictor of outcome in conservative
treatment of chronic low back pain (a pilot study). Spine 1995;20:2513-2521. [PubMed: 8610246]

Maitland, GD.; Edwards, BC. Vertebral Manipulation. Vol. 5. London: Butterworth & Co Ltd; 1986a.
Examination; p. 43-92.

Maitland, GD. Vertebral Manipulation. Vol. 5. London: Butterworth & Co Ltd; 1986b. Selection of
techniques; p. 115-143.

Maluf KS, Sahrmann SA, Van Dillen LR. Use of a classification system to guide nonsurgical management
of a patient with chronic low back pain. Physical Therapy 2000;80:1097-1111. [PubMed: 11046197]

McGill, S. Low Back Disorders: Evidence-based Prevention and Rehabilitation. Vol. 1. Champaign,
Illinois: Human Kinetics Publishers; 2002.

McKenzie, R.; May, S. The Lumbar Spine: Mechanical Diagnosis & Therapy. Vol. 2. Vol. 2. Waikanae,
New Zealand: Spinal Publications New Zealand Ltd; 2003a. Physical examination; p. 395-422.
McKenzie, R.; May, S. The Lumbar Spine: Mechanical Diagnosis & Therapy. Vol. 2. Vol. 1. Waikanae,

New Zealand: Spinal Publications New Zealand Ltd; 2003b.

Moffroid MT, Haugh LD, Henry SM, Short B. Distinguishable groups of musculoskeletal low back pain
patients and asymptomatic control subjects based on physical measures of the NIOSH Low Back
Atlas. Spine 1994;19:1350-1358. [PubMed: 8066515]

Mueller MJ, Maluf KS. Tissue adaptation to physical stress: A proposed “physical stress theory” to guide
physical therapist practice, education, and research. Physical Therapy 2002;82:383-403. [PubMed:
11922854]

Norton BJ, Sahrmann SA, Van Dillen LR. Differences in measurements of lumbar curvature related to
gender and low back pain category. Journal of Orthopedic and Sports Physical Therapy 2004;34:524—
533.

Pearcy MJ, Tibrewal SB. Axial rotation and lateral bending in the normal lumbar spine measured by
three-dimensional radiography. Spine 1984;9:582-587. [PubMed: 6495028]

Sahrmann, SA. Diagnosis and Treatment of Movement Impairment Syndromes. Vol. 1. St. Louis, MO:
Mosby Inc; 2002. Movement impairment syndromes of the lumbar spine; p. 5-118.

Scholtes SA, Van Dillen LR. Gender-related differences in prevalence of lumbopelvic region movement
impairments in people with low back pain. Journal of Orthopaedic & Sports Physical Therapy. In
press

Man Ther. Author manuscript; available in PMC 2010 February 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Van Dillen et al.

Page 12

Spitzer WO, LeBlanc FE, Dupuis M. Scientific approach to the assessment and management of activity
related spinal disorders: A monograph for clinicians. Report of the Quebec Task Force on Spinal
Disorders. Spine 1987;12:S1-S59. [PubMed: 2961086]

Spratt KF, Lehmann TR, Weinstein JN, Sayre HA. A new approach to the low-back physical examination.
Behavioral assessment of mechanical signs. Spine 1990;15:96-102. [PubMed: 2139245]

Turner J, Sarvaiya-Shah S, Trudelle-Jackson E. Interrater reliability of the movement impairment
classification for lumbar spine syndromes in patients with chronic low back pain. Journal of
Orthopaedic & Sports Physical Therapy 2005;35:A267.

Van Dillen LR, Sahrmann SA, Norton BJ, Caldwell CA, Fleming DA, McDonnell MK, et al. Reliability
of physical examination items used for classification of patients with low back pain. Physical Therapy
1998;78:979-988. [PubMed: 9736895]

Van Dillen LR, Sahrmann SA, Norton BJ, Caldwell CA, McDonnell MK, Bloom NJ. The effect of
modifying patient-preferred spinal movement and alignment during symptom testing in patients with
low back pain: A preliminary report. Archives of Physical Medicine & Rehabilitation 2003a;84:313—
322. [PubMed: 12638097]

Van Dillen LR, Sahrmann SA, Norton BJ, Caldwell CA, McDonnell MK, Bloom NJ. Movement system
impairment-based categories for low back pain: Stage 1 validation. Journal of Orthopaedic & Sports
Physical Therapy 2003b;33:126-142. [PubMed: 12683688]

Van Dillen LR, Sahrmann SA, Norton BJ, Caldwell CA, Fleming DA, McDonnell MK, et al. Effect of
active limb movements on symptoms in patients with low back pain. Journal of Orthopaedic & Sports
Physical Therapy 2001a;31:402-413. [PubMed: 11508611]

Van Dillen LR, Sahrmann SA, Norton BJ, McDonnell MK, Fleming DA, Caldwell CA, et al. Response
to invited commentary. Journal of Orthopaedic & Sports Physical Therapy 2001b;31:416-418.
Van Dillen LR, Sahrmann SA, Wagner JM. Classification, intervention, and outcomes for a person with

lumbar rotation with flexion syndrome. Physical Therapy 2005;85:336-351. [PubMed: 15794704]

Van Dillen LR, Sahrmann SA. Outcomes of classification-directed intervention in people with chronic

or recurrent low back pain. Journal of Orthopaedic & Sports Physical Therapy 2006;36:A61-A62.

Waddell, G. The Back Pain Revolution. Edinburgh: Churchill Livingstone; 1998.

Waddell G, Newton M, Henderson I, Somerville D, Main CJ. A Fear-Avoidance Beliefs Questionnaire
(FABQ) and the role of fear-avoidance beliefs in chronic low back pain and disability. Pain
1993;52:157-168. [PubMed: 8455963]

White, AA.; Panjabi, MM. Clinical Biomechanics of the Spine. Philadelphia, PA: Lippincott; 1990.

Man Ther. Author manuscript; available in PMC 2010 February 1.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duosnue\ Joyiny Vd-HIN

Van Dillen et al.

Page 13

Figure 1.
Example of modification of right side lying during a secondary test of alignment.
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Figure 2.
Example of modification of hip lateral rotation in prone during a secondary test of movement.
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Characteristics of study sample.
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Characteristic Value
Mean age in years (SD) 36 (10.59)
Mean height in centimeters (SD) 172.15 (10.62)
Mean weight in kilograms (SD) 88.02 (25.66)
Mean pain intensity rating over previous week(Bolton, 1999) (0-10) (SD) 529 (2.21)
Location of current symptoms* (Spitzer et al., 1987)
Low back only 24 (47%)
Low back/proximal lower extremity (LE) 10 (20%)
Low back/distal LE 2 (4%)
Low back/proximal LE/distal LE 15 (29%)
History of previous episode of LBP 33 (65%)
Mean Oswestry Disability Questionnaire Scores (Fairbank, et al., 1980) (SD) 32 (18%)
LBP category "
Acute 2 (4%)
Subacute 19 (38%)
Chronic 30 (58%)

*
Definitions for location of symptoms from the Quebec Task Force on Spinal Disorders(Spitzer et al., 1987). Low back: region from T12 to gluteal fold;

Proximal LE: region from gluteal fold to knee; Distal LE: below knee.

7LDefinitions for LBP categories from the Quebec Task Force on Spinal Disorders (Spitzer et al., 1987). Acute: Onset of symptoms < 7 days; Subacute:

Onset of symptoms 7 days — 7 weeks; Chronic: Onset of symptoms > 7weeks.
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Table 2
Percentages of patients who reported a decrease™ in symptoms with each secondary test.

Test (;ategoryfF Secondary Test Percentage Reporting Decreased Symptoms (%)
Right Left Other
Trunk Alignment Sitting: Flexion 75
Sitting: Extension 88
Supine 94
Side lying 73 Al
Prone 78
Quadruped 751
Trunk Movement Standing: Forward bend 90
Standing: Return from forward bend 90
Standing: Lateral bend 96 81
Quadruped: Rock back 83
Limb Movement Sitting: Knee extension 83 91
Supine: Hip and knee flexion 81 73
Supine: Hip abduction and lateral rotation 757 100
Prone: Knee flexion 85 100
Prone: Hip lateral rotation 711 86
Prone: Hip medial rotation 93 86
Prone: Hip extension 95 89
Quadruped: Shoulder flexion 717 80

*
Decreased responses include patients who reported a decrease or an elimination of symptoms when the primary test was modified.

7‘Secondary test findings from those who had an increase in symptoms with the corresponding primary test. Modifications include (1) aligning the lumbar
region in as close to neutral as possible (Adams & Dolan, 1995; McGill, 2002), or (2) restricting lumbar region movement and encouraging movement
in other regions, e.g., hip joint, thoracic region.

iThere were three categories of tests: (1) tests of trunk alignment, (2) tests of trunk movement, (3) tests of limb movements.
7[Indicates no difference between those reporting decreased vs. same for symptoms with the secondary test. For all other secondary tests, the majority of
patients reported a decrease in symptoms (P<.05).
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