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Study Design: Cross-sectional study of patients with mechanical low back pain (MLBP).
Objective: To test the construct validity of 3 categories of a movement system impairment-based
classification proposed for use with patients with MLBP.

Background: A pathoanatomic basis for directing treatment has not proven useful in a wide variety
of patients with MLBP. In addition, there is a paucity of data describing the movement system
impairments that characterize many of the pathoanatomically based MLBP diagnoses. Because of
the mechanical nature of MLBP, a system based on groups of signs and symptoms relevant to
conservative management needs to be developed.

Methods and Measures: A movement system impairment-based classification was proposed that
defined 5 categories of MLBP based on the findings from a standardized examination. Using the
examination, 5 physical therapists examined a total of 188 patients with MLBP. A principal
components analysis with an oblique rotation was conducted. Eigenvalues were plotted and a
scree test was used to determine the number of factors to retain. A split-sample cross-validation
procedure was conducted to verify the factor structure.

Results: Three factors were identified in both samples: 2 factors related to symptoms with lumbar
rotation and lumbar extension alignments or movements, and 1 factor related to signs of lumbar
rotation with different alignments and movements.

Conclusion: Our results provide support for 3 factors related to 3 of the 5 proposed categories:
lumbar rotation with extension, lumbar rotation, and lumbar extension. The existence of these 3
factors provides preliminary evidence for specific clusters of tests of alignment and movement
impairments that could be used in classifying patients with MLBP into movement-system-related
categories. J Orthop Sports Phys Ther, 2003;33:126-142.
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ost people with

mechanical low

back pain (MLBP)

who seek medical

care are managed
conservatively.**%'* For many pa-
tients, conservative care includes
physical therapy.!* The literature
related to efficacy of various physi-
cal therapy treatments for MLBP,
however, reveals conflicting evi-
dence for nearly every form of
treatment.>*?° Some have sug-
gested that the lack of consistent
findings may be related to the fact
that studies have been performed
on patients who have widely differ-
ing types of MLBP,**?° but who
are considered part of a homoge-
neous diagnostic group. The po-
tential consequence of not
differentiating among types of
MLBP is that treatments may ap-
pear to be ineffective because they
are effective only for a small sub-
group of the patients with MLBP
and not for all of the patients.
Thus, several investigators have
suggested that a system for classify-
ing homogeneous subtypes of
MLBP is needed.??"? Although
several classification systems for di-
recting physical therapy have been
described, few have been tested
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scientifically and no consensus regarding the most
appropriate classification scheme for MLBP exists at
this time.?®

Recently, we proposed a classification system for
directing physical therapy in patients with MLBP that
is based on clinically assessed movement system
impairments.®* An expert clinician initially proposed
the classification system to describe the subgroups of
patients with MLBP most frequently encountered in
clinical practice.?® The items deemed necessary for
classifying patients were refined through a series of
discussions and pilot studies with 6 other orthopaedic
physical therapists who were familiar with the exami-
nation procedures and the theoretical basis of the
classification system. A primary assumption underly-
ing the system is that the specific postures and
movements which produce pain must be identified
and corrected. A secondary assumption is that over
time, the assuming of alignments and performing of
movements that deviate from an ideal kinesiological
standard create the pain problem in many patients
with MLBP.22 Whether or not a particular person who
displays a movement or alignment that deviates from
the ideal standard develops MLBP is proposed to be
mediated by factors such as intensity, frequency, and
duration of performance of the movement or as-
sumption of the alignment, as well as characteristics
of the individual, such as anthropometrics.

In our system, classification of a patient’s MLBP is
based on the findings from a standardized examina-
tion (history and physical examination).?®3! The
history focuses on the patient’s past and present
MLBP history. The physical examination includes (1)
direction-specific tests in which the patient reports
symptoms with positions and movements presumed to
impose force on the lumbar region in the direction
of flexion, extension, or rotation, as well as (2)
judgments made by the examiner of alignment and
movement in different positions. Similar to examina-
tions for MLBP from other systems, the examination
used for classification in the current study includes
the assessment of the effect of trunk movements on
symptoms. Unique to our examination is the atten-
tion given to (1) the effect of active limb movements
on spinal movement and symptoms, (2) the relative
timing of movements of the spine and proximal joints
during trunk and limb movements, and (3) the effect
on symptoms of modifying lumbar alignment or
restricting lumbar movement during repetition of a
previously symptomatic test. Table 1 contains a list of
the physical examination items initially proposed to
be important for classification.

The classification system is intended for use with
patients with MLBP at any stage of chronicity. Infor-
mation from the examination is used to categorize
the patient’s MLBP into 1 of 5 different categories.
The categories are named after the types of mechani-
cal factors hypothesized to contribute to the MLBP
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and toward which physical therapy intervention
should be directed. The categories hypothesized to
exist are (1) lumbar flexion, (2) lumbar extension,
(3) lumbar rotation, (4) lumbar rotation with exten-
sion, and (5) lumbar rotation with flexion. A general
description of the signs and symptoms that character-
ize each category and treatment guidelines for each
MLBP category are provided in Table 2. Currently,
the classification of the patient’s MLBP is primarily
based on identifying a consistent pattern of align-
ments and movements that are associated with an
increase and a decrease in the patient’s MLBP across
tests. Signs that indicate a tendency to move in a
particular direction (eg, flexion) without a concomi-
tant increase in symptoms also are noted. The find-
ings from the tests in which the examiner makes
judgments of alignment and movement are used to
help confirm the specific direction(s) of movement
and alignment believed to be most consistently associ-
ated with an increase in symptoms. In general, the
direction of alignments and movements most consis-
tently identified across the examination then be-
comes the patient’s MLBP category.

Previously, we reported interrater reliability for the
physical examination items.>* The present investiga-
tion expands on our earlier work by examining
selected aspects of the validity of the proposed
classification system. Specifically, we examined
whether factors related to the clinical signs and
symptoms hypothesized to be important for classify-
ing the proposed MLBP problems could be identified
from data collected on a sample of patients with
MLBP. Based on the distribution of subjects recruited
for the study as well as statistical considerations, we
decided to test for factors related to 3 of the 5
proposed MLBP categories. We hypothesized that 3
factors representing dimensions of impairments that
characterize the lumbar extension, lumbar rotation,
and lumbar rotation with extension categories would
be identified in the current data set.

METHODS

Subjects

A total of 188 subjects with MLBP participated in
the study. Ninety-five of the subjects were examined
as part of a study of the reliability of 5 physical
therapists in administering the examination to pa-
tients with MLBP.2* Upon completion of the reliabil-
ity study, the 5 therapists collected data on an
additional 93 subjects with MLBP. Data on subject
characteristics are displayed in Table 3. Subjects were
recruited from 1 of 3 sources: (1) patients with MLBP
referred for treatment to 1 of 6 different outpatient
physical therapy centers in the St. Louis metropolitan
area (57%); (2) family members and friends of
patients with MLBP participating in the current study
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TABLE 1. Items from original examination* proposed important for classification of mechanical low back pain organized by test posi-
tion, symptom behavior with variations of the test position or movements within the test position, and clinical judgments of quality of

alignment or movement.

Test Position Symptom Behavior With

Judgments of Alignment or Movement

Standing Standing

= Posterior pelvic tilt against wall
« Forward bending

« Corrected forward bending
= Return from forward bending

Corrected return from forward bending
Side bending

Sitting Sitting with lumbar region flat
Sitting with lumbar region flexed
Sitting with lumbar region extended
Knee extension

Corrected knee extension

Supine Hips and knees flexed

Hips and knees extended

Hook lying = Hip abduction with lateral rotation

= Corrected hip abduction with lateral rotation

* Prone
= Corrected prone
« Knee flexion

Prone

= Hip rotation

« Hip extension

Quadruped = Natural alignment

= Corrected alignment
Arm lifting
= Rocking backward

= Corrected rocking backward
« Rocking forward

Shape of the lumbar curve (with and without flexible ruler)
Asymmetry of the lumbar curve

Regularity of the lumbar curve (with and without flexible ruler)
Swayback posture

Lumbar flexion
Lumbar extension
= Relative flexibility*

= Hip extension
e Lumbar extension
= Pelvic and shoulder sway

* Asymmetrical lumbar region movement

= Lumbar region rotation or pelvic rotation*

= Relative flexibility

Relative flexibility
Asymmetrical pelvic rotation
Relative flexibility
Asymmetrical pelvic rotation

* Lumbar region alignment
= Asymmetry of the lumbar region
= Alignment of hip joint

= Asymmetrical lumbar region rotation
= Relative flexibility
= Pelvic rotation or tilt

* A judgment of relative flexibility refers to a judgment made by the examiner about the relative timing of movement of the lumbar region and the
proximal joints when the patient performs a trunk or a limb movement. In general, a patient exhibits a relative flexibility impairment if the lumbar
region moves in the first 50% of the range of the overall movement or excessively during the overall movement.

" Corrected test items are follow-up items in which the lumbar region is repositioned to achieve a neutral alignment, or movement of the lumbar
region is restricted relative to what was observed with the previous symptomatic test item. The effect of the changes in alignment and movement

on symptoms is assessed.

* Because rotation and side bending are coupled motions in the lumbar region, items that refer to judgments of alignment and movement of
lumbar region rotation or pelvic rotation include side-bending alignment or movement.

who met the inclusion criteria (19%); and (3) adver-
tisements and posters distributed throughout the
medical center campus where the study was con-
ducted (23%).

Subjects between 18 and 75 years of age who had
symptoms (pain or paresthesia) related to a low back
problem in the region of the lower back, proximal
lower extremity (LE), or distal LE?® were eligible for
inclusion in the study. The exclusion criteria were the
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following: (1) pregnancy, (2) severe kyphosis or
scoliosis, (3) spinal stenosis, (4) a history of spinal
surgery in the last 3 months, (5) more than 1
surgical procedure on the spine, (6) pending spinal
surgery, (7) cancer, (8) rheumatoid arthritis, (9)
ankylosing spondylitis, (10) neurological disease, and
(11) inability to stand and walk without an assistive
device. Information regarding the patient’s diagnosis
was obtained through verbal report from the patient.
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TABLE 2. Proposed mechanical low back pain categories with associated signs and symptoms and general treatment guidelines.*

Category

Associated Signs and Symptoms

General Treatment Guidelines

Flexion

Extension

Tendency for the patient to move
the lumbar spine in the direction
of flexion with movements of the
spine or extremities. Lumbar
spine alignment tends to be
flexed relative to neutral with the
assumption of postures. Symp-
toms occur or increase with posi-
tions and movements associated
with flexion of the lumbar spine.
Symptoms are decreased with
restriction of lumbar flexion.

Signs and symptoms are similar
to those described for flexion ex-
cept that they are associated with
extension of the lumbar spine.
Symptoms are decreased with
restriction of lumbar extension.

Functional Instruction:

1.

4.

Bed positioning/mobility: Don’t curl your spine as you sit up in bed.
Roll to your side and push yourself up with your arms to come to
sitting.

. Sitting: Sit with your back supported, your shoulders over your hips,

your hips and knees level, or your knees positioned lower than your
hips. You may need a small towel roll in your lower back region for
support. Don’t sit slumped.

. Sit « stand: Scoot yourself to the edge of the chair keeping your

back upright. Get up against the edge of the chair before sitting
down. Don’t bend in your back getting up and down. Bend the hips
and knees.

Standing: Don’t stand with your pelvis swayed forward.

Exercise:

1.

Train trunk muscles (paraspinals and abdominals) to work isometri-
cally with performance of limb movements (eg, standing against a
wall, flex shoulders while keeping lumbar region neutral).

. Training to isolate hip flexion without lumbar spine flexion (eg, rock

backward in quadruped keeping lumbar region neutral).

. Exercise to increase flexibility of any muscles contributing to lumbar

flexion (eg, stretch gluteus maximus while supine keeping lumbar
region supported in neutral).

. Exercise to shorten muscles that may assist in reducing lumbar spine

flexion alignment (eg, iliopsoas strengthening in sitting while keep-
ing lumbar region neutral).

Support:

1.
2.

Taping of lumbar region to discourage lumbar flexion.
Use of abdominal support, particularly during activities that encour-
age lumbar flexion.

Functional Instruction:

1.

Bed positioning/mobility: Position a pillow(s) under your knees
when back lying or under your abdomen when face lying. Slide
your legs up so your hips and knees are bent. Avoid allowing your
back to arch when you move your legs. Roll to your side moving
your trunk and legs together. Drop your legs over the side of the
bed as you push yourself up to sitting or lower yourself to side ly-

ing.

. Sitting: Sit with your back and feet supported and your hips and

knees level. Relax your back against the chair. Don't sit on the edge
of the chair.

. Sit ~ stand: Come forward in chair by pushing with your hands

while keeping your back slightly rounded. Lean forward. Push with
your legs. As you straighten up don’t arch your back; pull in your
abdominals. Lean forward when you lower yourself into the chair to
sit.

. Standing: Occasionally lean up against a wall with your knees and

hips bent slightly. Pull in your abdominals and relax your back
against the wall.

Exercise:

1.

2.

Training of trunk muscles to work isometrically with performance of
limb movements (particularly abdominals).

Training to perform hip extension without increased lumbar region
extension (eg, perform return-from-forward bending emphasizing hip
extension over lumbar extension).

. Exercise to increase flexibility of any muscles contributing to lumbar

region extension (eg, bend knee in prone while keeping lumbar re-
gion stationary to stretch hip flexors).

. Exercise to shorten muscles that may assist in reducing lumbar spine

extension alignment (eg, pull in lower abdominals while standing
with back against wall and knees and hips flexed slightly).
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TABLE 2. Proposed mechanical low back pain categories with associated signs and symptoms and general treatment guidelines.*

(continued)

Category

Associated Signs and Symptoms

General Treatment Guidelines

Rotation

Rotation with flexion

Rotation with extension

Signs and symptoms are similar
to those described for flexion ex-
cept that they are associated with
rotation of the lumbar spine.
Symptoms are decreased with
restriction of lumbar rotation.

Tendency for the patient to move
the lumbar spine in the direction
of rotation and flexion with
movements of the spine or ex-
tremities. Lumbar spine align-
ment tends to be flexed and
rotated relative to neutral with
the assumption of postures.
Symptoms (often unilateral) occur
or increase with positions and
movements associated with rota-
tion and flexion of the lumbar
spine. Symptoms are decreased
with restriction of lumbar rotation
and flexion.

Signs and symptoms are similar
to those described for rotation
with flexion except that they are
associated with rotation and ex-
tension of the lumbar spine.
Symptoms (often unilateral) are
decreased with restriction of lum-
bar rotation and extension.

Functional Instruction:

1. Bed positioning/mobility: When side lying, place a pillow(s) be-
tween your knees and a towel roll in the area between your ribs
and pelvis on the side you are sleeping. Slide your legs up so your
hips and knees are bent. Roll to your side moving your trunk and
legs together. Drop your legs over the side of the bed as you push
yourself up to sitting or lower yourself to side lying. Don’t side bend
or rotate your trunk as you get up or down from bed.

2. Sitting: Sit with your back supported. Don’t rotate or side bend your
trunk to one side. Don’t lean on an elbow for support. Don’t cross
your legs or sit on 1 leg. Don’t shift from side to side as you sit for
prolonged periods.

3. Sit ~ stand: Don’t move forward by rotating one hip forward at a
time.

4. Standing: Don’t stand on 1 leg. Stand with your weight evenly dis-
tributed over both legs.

Exercise:

1. Training of trunk muscles (particularly lateral abdominals) to work
isometrically with performance of limb movements (eg, lift 1 arm in
quadruped while holding trunk stationary).

2. Training to isolate hip rotation and hip abduction and adduction
without lumbar region rotation or side bending (eg, laterally rotate
and abduct hip in side lying while holding trunk stationary).

3. Exercise to increase flexibility of any muscles contributing to lumbar
region rotation or side bending (eg, laterally rotate 1 hip in prone
while holding pelvis stationary).

4. Exercise to shorten muscles contributing to lumbar region rotation or
sidebending on 1 side (eg, laterally rotate and abduct a hip in side
lying with pillows between the knees while holding pelvis station-
ary).

Support:

1. Taping of lumbar spine region to discourage lumbar region rotation.

2. Use of abdominal support, particularly during activities that encour-
age lumbar region rotation.

The same as for the rotation and flexion categories with an emphasis
on (1) symmetry of performance of functional activities, (2) attaining
symmetry of muscle activity and flexibility with exercises, and (3) sup-
port to discourage flexion and asymmetry of alignment and movement
of the lumbar region.

The same as for the extension and the rotation categories with an em-
phasis on (1) symmetry of performance of functional activities, (2) at-
taining symmetry of muscle activity and flexibility with exercises, and
(3) support to discourage extension and asymmetry of alignment and
movement of the lumbar region.

* The emphasis of the examination is to identify the direction(s) of patient-preferred movement and alignment strategies that appear to contribute
to the patient’s MLBP. The patient then is observed during performance of symptom-provoking functional activities to determine if the same
strategies are repeated. Functional instruction is directed toward modifying the patient’s preferred strategies. Exercise prescription is directed
toward correcting the patient-preferred movement and alignment strategies identified on examination. Emphasis is on modifying the strategies that
(1) were symptom-provoking and (2) could be modified to decrease the patient’s symptoms during the examination.
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TABLE 3. Characteristics of study sample.

Sex
Male (n) 84
Female (n) 104

Mean age (SD)
Mean height (SD)
Mean mass (SD)

419 (13.2)y
170.7 (11.0) cm
74.3 (16.3) kg

Currently working (part-time or full-time) 77%
Retired 11%
Currently on Worker’s Compensation 1%
Currently receiving disability benefits for 6%

MLBP* problem
Involved in litigation related to MLBP problem 7%

History of previous low back symptoms 88%
History of cigarette smoking 26%
History of treatment for MLBP problem 79%
Duration of current MLBP symptoms’
Acute (<7 d) 8%
Subacute (7 d-7 wk) 19%
Chronic (=7 wk) 72%
Location of current symptoms*
Low back only 66%
Low back/proximal lower extremity (LE) 12%
Low back/distal LE 4%
Low back/proximal/distal LE 18%
Gradual onset of current MLBP symptoms 57%

Mean Oswestry Questionnaire Disability
Scores (SD)*

25% (17%)

* Mechanical low back pain.

T Classification defined by Quebec Task Force on Spinal Disorders®
based on duration of current symptoms.

* Definitions from Quebec Task Force on Spinal Disorders.?® Low
back, area extending from T12 to gluteal fold; proximal LE, area
extending from gluteal fold to knee; distal LE, area extending from
knee to foot.

8 Oswestry Low Back Pain Disability Questionnaire™® is a disease-
specific measure that represents the degree of disability as a
percentage score (no disability, 0%; maximal disability, 100%).

Neurological involvement was determined through
(1) questions during the screening process, and (2)
formal neurological testing during the examination.
Before participating in the study all subjects read and
signed an informed consent document approved by
the Human Studies Committee of Washington Uni-
versity.

Examiners

Five orthopaedic physical therapists participated as
testers. The therapists ranged in age from 36 to 57
years (mean = 43.2 years, SD = 7.02 years) and the
number of years of clinical experience ranged from 5
to 35 years (mean = 16.8 years, SD = 8.73 years).

Examination

The examination used in this study was developed
by the primary author in collaboration with 5
orthopaedic physical therapists with expertise in the
treatment of MLBP and 1 physical therapist with
expertise in measurement theory and research meth-
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ods. The examination consisted of 2 parts, a history
and a physical examination (tests and measures). The
history consisted of questions related to demograph-
ics, medical and activity history, and past and present
history of the MLBP. Most of the data related to the
history portion of the examination was obtained
through a structured patient interview. The patient
also completed (1) a body pain diagram, in which
they indicated the location of the symptoms associ-
ated with the MLBP problem, (2) a verbal descriptor
scale®® that described the severity of the symptoms
over the 7 days prior to the examination, and (3) an
Oswestry Low Back Pain Disability Questionnaire®
that provided an index of the patient’s MLBP-related
disability.

The physical examination included 2 primary types
of items (Table 1). The first set of items assessed
whether the patient’s symptoms increased, decreased,
or stayed the same when assuming positions or
performing movements that presumably involved
forces on the spine in the direction of flexion,
extension, or rotation (n = 27 items). The patient’s
responses were based on symptoms occurring (1)
with the assumption of a test position, or (2) during
the performance of a test movement relative to a
prespecified reference position or movement. With
all symptom tests the patient was instructed to attend
to whether or not the symptoms were (1) affected by
the test; and (2) the patient associated those symp-
toms reproduced with the MLBP problem. The defi-
nitions for the 3 response options for the symptom
tests are provided in Appendix A. Several procedures
were followed to attempt to minimize the potential
effects of repeated movement and alignment testing
on the patient’s symptoms. These procedures in-
cluded the following: (1) movements were performed
a maximum of 2 times, (2) pillows were placed under
the patient’s knees in supine, or abdomen in prone,
until symptoms evoked by the position were abol-
ished, (3) patients were allowed to rest as long as
needed between tests, and (4) patients were given the
option to not participate in a test or to stop a test if
necessitated by their level of discomfort.>?> A second
set of items required the examiner to make judg-
ments of the patient’s lumbar spine region alignment
or movement (flexion, extension, rotation) with the
assumption of a test position or during a test move-
ment that required movement of the trunk or limbs
(n = 25 items). For example, a patient was asked to
assume the quadruped position. The examiner then
examined the patient’s lumbar spine region align-
ment from a side view to decide if the lumbar spine
region was in flexed, neutral, or extended alignment
based on predefined criteria. Judgments of alignment
or movement were based on visual or visual and
tactile information depending on the specific test
position or movement (Appendix B).
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Reliability of the therapists in administering the
examination was demonstrated in a previous study.®*
Training of the therapists for reliability testing in-
cluded the following: (1) learning the operational
definitions for tests and responses as well as test
procedures as outlined in a study manual, (2) com-
pleting a written examination that tested information
in the manual, (3) viewing videotapes of people
demonstrating a range of responses to various exami-
nation tests, and (4) participating in a discussion
session with the primary author to answer any addi-
tional questions regarding the operational definitions,
procedures, and testing conditions. The same 5
therapists from the reliability study were examiners
for the data included in the present analyses. Percent-
age of agreement values for the symptom items
included in the present analyses ranged from 98% to
100% and the generalized kappa coefficients ranged
from 0.87 to 1.00. Percentage of agreement values for
the judgments of alignment and movement items
(signs) included in the present analyses ranged from
55% to 100% and the generalized kappa coefficients
ranged from 0.51 to 0.76.

Variables Included in Analyses

Although several variables were included in the
examination, we chose to include only a subset of
variables in the analyses. The decision regarding
variables to include in the analyses was based on 3
considerations. First, we wanted to include only items
proposed to measure behaviors characteristic of 3 of
the 5 proposed MLBP categories. We chose to test for
only 3 factors because it became apparent during the

data collection period that our patient sample did
not display all of the clinical findings thought to be
important for classifying all 5 of the MLBP categories
proposed. Specifically, it appeared that only a small
proportion of the patients in our sample displayed
clusters of tests that we proposed to be characteristic
of patients with a flexion or a flexion-rotation MLBP
problem (Table 2). We therefore tested for 3 factors
related to the impairments associated with the lum-
bar extension, lumbar rotation, and lumbar rotation-
with-extension categories. A similar validation
approach was used by Delitto et al® to validate 3 of 7
proposed categories for patients with acute MLBP.
Table 4 lists the items proposed to be related to
extension, rotation, or rotation-with-extension behav-
iors. Second, we chose to include only those variables
with an acceptable incidence (0.30-0.80)%° and those
which clinicians could administer with an acceptable
level of reliability (x=0.40).> Third, we wanted to
include only the number of variables necessary to
identify the hypothesized factors because we wanted
to minimize sampling error to obtain stable estimates
of the factor structure.’” Because the minimum
recommended ratio of subjects to variables to provide
such stability is 10 to 1,'” we needed to further
reduce the number of items in the analysis. There-
fore, we presented our clinical expert with a list of
the subset of items after applying criteria 1 and 2 to
the original set of items (Table 1). We asked her to
delete from the subset of acceptable items those she
considered to have the lowest relative clinical rel-
evance in the categorization of the 3 MLBP problems
of interest. The clinical expert made her decisions

TABLE 4. Items from physical examination®* proposed to be related to extension, rotation, or extension-with-rotation behaviors organ-
ized by test position, symptom behavior with variations of the test position or movements within the test position, and clinical judg-

ments of quality of alignment or movement.

Position Symptom Behavior With Judgments of Alignment or Movement
Standing = Asymmetry of the lumbar region
« Lumbar extension with forward bending
= Return from forward bending e Lumbar extension with return from forward bending
= Pelvic and shoulder sway
= Side bending = Asymmetrical lumbar region movement
Sitting < Sitting with lumbar region extended
= Knee extension (if lumbar region or pelvis rotates) = Lumbar region or pelvic rotation
Hook lying = Hip abduction with lateral rotation = Relative flexibility*
Prone « Prone = Relative flexibility
= Knee flexion = Asymmetrical pelvic rotation
Prone = Hip rotation = Relative flexibility
= Asymmetrical pelvic rotation
« Hip extension
Quadruped « Asymmetry of the lumbar region

e Arm lifting

= Rocking forward

= Asymmetrical lumbar region rotation
= Pelvic rotation or tilt with rocking backward

* Relative flexibility refers to a judgment made by the examiner about the relative timing of movement of the lumbar region and the proximal
joints when the patient performs a trunk or a limb movement. In general, a relative flexibility impairment is present if the pelvis and lumbar
region moves in the first 50% of the range of the overall movement or excessively during the overall movement.
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without knowledge of the results of any decisions or
analyses related to the items presented for consider-
ation. Table 5 provides a list of the items that were
not included in the analyses and the reasons for
exclusion.

Twenty-five of the original examination items were
proposed to be related to extension, rotation, or a
combination of rotation and extension behaviors
(Table 4). Eleven items were tests of symptoms and
14 items were judgments of alignment or movement.
One item was excluded because of low reliability, 10
items were excluded because of low incidence of
positive responses, and 3 items were excluded based
on clinical relevance. The items related to symptoms
that were included in the analyses were symptoms
with (1) side bending in standing, (2) lumbar exten-
sion in sitting, (3) hip abduction and lateral rotation
in hook lying, (4) prone lying, (5) knee flexion in
prone, (6) hip rotation in prone, (7) hip extension
in prone, and (8) rocking forward from quadruped.

Three of the variables included in the analyses
were tests in which the examiner judged whether pel-
vic and lumbar spine region rotation occurred when
the patient performed simple lower extremity move-
ments such as knee flexion, hip rotation, or hip
flexion. These tests included relative flexibility with
knee flexion in prone and with hip rotation in prone,
and pelvic rotation or tilt with rocking back from
quadruped. Appendix B contains a description of
each of the tests of symptoms and each of the judg-
ments of movement included in the final analyses.

Data Analysis

Independent sample t tests and chi-square analyses
were conducted on select variables to test for differ-

ences in characteristics between the patients obtained
from the 2 referral sources (clinic and nonclinic).
Because different sources were used for subject re-
cruitment at different times across the study period,
we stratified the data set based on when subjects
entered the study and the referral source. Two sam-
ples (S1 and S2) were formed based on random
sampling from each of the strata. Independent sam-
ple t tests and chi-square analyses then were con-
ducted on select variables to examine for differences
in patient characteristics between S1 and S2. Then
the data from S1 were analyzed and examined for
specific features. The same process of analysis was
followed for data obtained from S2, independent of
the results of the analysis of S1. The results from the
2 samples then were compared to cross-validate the
factor structures.

A principal components analysis (PCA) first was
conducted on S1 using SYSTAT Version 9.0 for
Windows (SPSS, Inc., Chicago, IL). In this study, the
factors of interest were dimensions of impairments
that were characteristic of the categories in the
proposed classification system. After the initial PCA
was conducted, we rotated the obtained factors using
an oblique-rotation method to facilitate interpretation
of the principal factors. The matrix of factors then
was examined visually to determine if the first 3
principal components derived from the analysis were
related to the 3 hypothesized categories of MLBP.

Two commonly accepted criteria were applied
jointly to determine the number of factors that could
be retained from the analysis. The first criterion used
was the eigenvalue-1 criterion. The eigenvalue-1 crite-
rion requires that a factor be retained only if its
eigenvalue is greater than or equal to 1. The second

TABLE 5. Physical examination items organized by reasons for exclusion from analyses.

Item

Criteria for Exclusion

Reliability>* Incidence®" Clinical Relevance*

Asymmetry of the lumbar region in standing

Lumbar spine region extension with forward bending

Symptoms with return from forward bending

Lumbar spine region extension with return from forward bending
Pelvic and shoulder sway with return from forward bending
Asymmetrical lumbar region movement with side bending
Symptoms with active knee extension in sitting

Lumbar region or pelvic rotation with knee extension in sitting
Relative flexibility with hip abduction with lateral rotation
Asymmetrical pelvic rotation with knee flexion in prone
Asymmetrical pelvic rotation with hip rotation in prone
Asymmetry of the lumbar region in quadruped

Symptoms with arm lifting in quadruped

Asymmetrical lumbar region rotation with arm lifting in quadruped

* Criterion for acceptable reliability used was a kappa value greater than or equal to 0.40.3

T Criterion for acceptable incidence was 0.30-0.80.%°

* An item was excluded based on clinical relevance if the item was considered by the clinical expert to be an item that was not consistently
positive in patients judged to have a specific mechanical low back pain problem.
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criterion used was related to the scree plot. A scree
plot is a plot of the eigenvalues for each of the
factors derived from the PCA. Based on visual exami-
nation, the point of transition in the scree plot
function from relatively vertical to relatively horizon-
tal is identified. The criterion for factor retention
specifies that only factors contributing to the rela-
tively vertical part of the function should be re-
tained.'® The correlations among the factors from
the PCA also were examined to determine how the
factors retained from the PCA were related to each
other. Finally, the factor loadings of individual test
items on each of the factors we retained were
examined visually to determine how each test item
related to each of the factors. The factor loadings for
an individual item were expected to be greater on 1
of the factors than any of the other factors retained,
and an individual item’s factor loading was deemed
to be significant if the magnitude of the item loading
was greater than or equal to 0.40 for a given factor.®

RESULTS

There were some differences in characteristics of
the patients recruited from the clinic versus nonclinic
sources (friends and family members of patients with
MLBP, or those who responded to advertisements).
Table 6 lists the characteristics examined and statistics
associated with the each of the comparisons between
the 2 groups. Patients from the clinics tended to be
older (mean = 44.26 years, SD = 12.94 years) and
have a larger mass (mean = 76.46 kg, SD = 17.65 kg)
than patients who were obtained from nonclinic
sources (mean age = 38.77 years, SD = 13.02 years;

mean mass = 71.30 kg, SD = 13.67 kg). Reports of the
average pain experienced the week prior to the
examination was higher (mean = 2.08, SD = 0.88) for
patients from the clinic than for patients from the
nonclinic referral sources (mean = 1.55, SD = 0.75).
A greater percentage of clinic patients were catego-
rized as chronic (77%) compared to patients ob-
tained from nonclinic sources (66%), while a greater
percentage of patients from nonclinic sources were
categorized as acute (16%) when compared to pa-
tients from the clinic (3%). A slightly greater percent-
age of the clinic patients (85%) had a history of
treatment for their MLBP than patients obtained
from nonclinic sources (71%). Finally, patients from
the clinics reported more MLBP-related disability
(mean = 28%, SD = 15%) than the patients referred
from nonclinic sources (mean = 19%, SD = 14%).

Using a random process, 88 cases were assigned to
S1 and 100 cases were assigned to S2. There were no
significant differences in relevant patient characteris-
tics between S1 and S2. Table 7 lists the statistical
values and probabilities associated with each of the
comparisons conducted. Three similar factors were
identified in S1 and S2. The first 3 factors derived
from the PCA of each sample are displayed in Table
8. In S1, 6 of the tests of symptoms related to
rotation or a combination of rotation and extension
forces loaded on the first factor (F1), while in S2, 5
of the tests of symptoms related to rotation or a
combination of rotation and extension forces loaded
on the first factor. For both S1 and S2 we identified
this factor as related to the category of lumbar
rotation with extension. Three of the items that were
judgments of movement related to rotation forces

TABLE 6. Differences in characteristics between patients with mechanical low back pain (MLBP) referred from clinics versus nonclinic
sources. Referral sources included physical therapy clinics in the community, friends and family members of subjects in the study with
MLBP, and advertisements in the local community paper and posted on the medical campus where the study was conducted.

Variable df Statistical Value P value*
Sex 1 x%=0.45 >0.05
Age (y) 186 t=4.10 <0.05
Height (cm) 164 t=-0.90 >0.05
Mass (kg) 163 t=2.09 <0.05
Rating of average pain intensity over prior week (0-5)" 5 x2=2150 <0.00
History of treatment for MLBP problem 1 x°=5.89 <0.05
Duration of current MLBP symptoms (acute, subacute, chronic)* 2 X2 =10.77 <0.00
Location of current MLBP symptoms (low back region, proximal lower extremity, 1 x%=19.82 =0.05
distal lower extremity, any combination)*
Characteristics of symptoms (pain, paresthesias, both) 2 X% =184 >0.05
History of previous episode of MLBP 1 x?=0.12 >0.05
Number of episodes of MLBP in the previous 12 mo 167 t=-0.78 >0.05
Oswestry questionnaire disability scores (0%-100%)° 2176 F=19.60 <0.00

* P values in bold face indicate a significant effect.

T Written pain rating scale developed by Roland and Morris,2® which patient completed prior to examination. Responses ranged from 0 (no

symptoms at all) to 5 (symptoms are almost unbearable).
* Classification defined by the Quebec Task Force on Spinal Disorders.?®

$ Oswestry Low Back Pain Disability questionnaire® is a disease-specific disability questionnaire that represents the degree of disability as a

percentage score (0%, no disability; 100%, maximal disability).
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TABLE 7. Differences in characteristics between patients with mechanical low back pain (MLBP) in sample 1 and sample 2.

Variable df Statistical Value P Value
Sex 1 X2 =245 >0.05
Age (y) 186 t = —0.455 >0.05
Height (cm) 164 t=—.545 >0.05
Mass (kg) 163 t=-0.912 >0.05
Rating of average pain intensity over prior wk (0-5)* 6 x2 =245 >0.05
Duration of current MLBP symptoms (acute, subacute, chronic)’ 2 x? = 1.658 >0.05
Location of current MLBP symptoms (low back region, proximal lower extremity, 3 x%=1.017 >0.05
distal lower extremity, any combination)’
Characteristics of symptoms (pain, paresthesias, both) 2 x? =2.885 >0.05
History of previous episode of MLBP 1 x2=0.382 >0.05
Number of episodes of MLBP in the previous 12 mo 167 t = 0.558 >0.05
Oswestry questionnaire disability scores (0%-100%)* 177 t=-0.346 >0.05

*\Written pain rating scale developed by Roland and Morris?® that patient completed prior to examination. Responses ranged from 0 (no

symptoms at all) to 5 (symptoms are almost unbearable).

T Classification defined by the Quebec Task Force on Spinal Disorders.?®

* Oswestry Low Back Pain Disability questionnaire®® is a disease-specific disability questionnaire that represents the degree of disability as a

percentage score (0%, no disability; 100%, maximal disability).

TABLE 8. Rotated factor loadings for individual items from the examination for sample 1 and sample 2.

Factor Loadings*

Sample 1 Sample 2
Examination Items F2* F3s F1 F2 F3
Symptoms with lumbar extension in sitting —-0.039 0.172 0.802 -0.100 —0.052 0.704
Symptoms in prone 0.115 —0.250 0.540 —0.148 —0.053 0.638
Symptoms with knee flexion in prone 0.717 —-0.088 —0.352 0.466 —0.065 0.221
Symptoms with hip extension in prone 0.651 0.175 —0.066 0.500 0.190 0.370
Symptoms with rocking forward from quadruped 0.528 —-0.091 0.255 0.242 0.052 0.683
Symptoms with side bending in standing 0.564 —-0.150 -0.120 0.642 —0.058 -0.172
Symptoms with hip lateral rotation/abduction in hook lying 0.602 0.209 0.179 0.731 0.062 —-0.136
Symptoms with hip rotation in prone 0.638 0.153 0.144 0.613 —0.258 0.163
Relative flexibility with knee flexion in prone -0.123 0.737 0.232 0.026 0.670 -0.107
Relative flexibility with hip rotation in prone —0.020 0.748 —0.023 —0.067 0.707 0.186
Pelvic rotation or tilt with rocking backward in quadruped 0.200 0.564 -0.228 —-0.044 0.744 -0.112

* Bold face indicates the largest loading for each individual test across factors.

T Factor related to lumbar-rotation- and extension-related category.
* Factor related to lumbar-rotation-related category.
8 Factor related to lumbar-extension-related category.

loaded on the second factor (F2) in both S1 and S2.
For both samples, we identified this factor as related
to the lumbar rotation category. Finally, in S1, 3 of
the tests of symptoms related to extension forces
loaded on the third factor (F3), while in S2, 2 of the
tests of symptoms related to extension forces loaded
on the third factor. For both S1 and S2, we identified
this factor as being related to the lumbar extension
category.

In both S1 and S2, the first 3 factors also met the
criteria we had specified for factor retention. First,
for both S1 and S2, the eigenvalues for the first 3
factors were each greater than 1, and together the
percent variance accounted for by the 3 retained
factors was 48.42% for S1 and 48% for S2. The
eigenvalues and percent variance accounted for by
each factor in S1 and S2 are provided in Table 9.
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Second, scree plots (Figures 1 and 2) of the 11
factors obtained from the PCA of S1 and S2 indicated
that the first 3 factors contributed to the relatively
vertical section of each plot and therefore could be
retained. Additionally, the correlations among the 3
factors retained from each sample were less than 0.1
indicating that the factors derived were, essentially,
independent of each other. Table 10 lists the correla-
tions among the factors derived from S1 and S2. The
PCA conducted on each sample also resulted in a
pattern of factor loadings in which each item in-
cluded in the analysis displayed a higher factor
loading on 1 factor compared to the item’s loadings
on the other 2 factors retained (Table 8). Each item
included in the PCA also displayed a factor loading
greater than or equal to 0.40 on at least 1 factor,
indicating that each item included in the analysis was
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TABLE 9. Eigenvalues and percent (%) variance accounted for by each factor in sample 1 and sample 2.

Sample 1 Sample 2
Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3
Eigenvalue 2.29 1.63 1.40 2.04 1.67 1.57
% Variance 20.82 14.82 12.73 18.58 15.16 14.25

Eigenvalue

0\\\\\\\\\
1 2 3 4 5 6 7 8 9

Number of Factors

10 11

FIGURE 1. Scree plot for sample 1.

25

2.0 4

1.5

1.0

Eigenvalue

0.5

0.0\\\\\\\\\\
1 2 3 4 5 6 7 8 9 10 11

Number of Factors

FIGURE 2. Scree plot for sample 2.

related to at least 1 of the factors for which we were
testing.?®

DISCUSSION

Although there have been a number of classifica-
tion systems proposed for use in directing the physi-
cal rehabilitation of patients with MLBP, only a few of
the systems have begun to be tested systematically for
reliability and validity.2?*?> The results of our study
provide evidence for the construct validity of some of
the categories in our proposed movement system
impairment classification for MLBP. Using data from
a standardized examination performed on individuals
with MLBP, we obtained evidence for 3 factors of
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impairments that are related to 3 of the proposed
categories: lumbar rotation with extension, lumbar
rotation, and lumbar extension. In addition to identi-
fying the 3 hypothesized factors in data analyzed from
1 sample, we were able to replicate the factor
structure in a data set from a second sample of
subjects. Independent replication of the factor struc-
ture and patterns of loadings of individual items on
factors in the second sample strengthens the evidence
for the construct validity of 3 of the categories of the
proposed classification system. Categorization of
MLBP based on pathoanatomic information, to date,
has not proven fully effective for directing physical
rehabilitation.>?° In addition, there is a paucity of
data describing the movement-system-based variables
that characterize various pathoanatomic-based diag-
noses for MLBP problems. As an alternative, we have
proposed a classification system that defines catego-
ries of MLBP based on clusters of signs and symp-
toms that we believe are relevant to the patient’s
primary movement system dysfunction. The findings
from our study provide partial construct validity for 3
of the categories of the proposed system.

Development and testing of the proposed
movement-system-based classification system is poten-
tially important for a variety of reasons. First, the
proposed classification system could provide clinicians
with methods to identify homogeneous subcategories
of MLBP for which specific treatments could be
applied to yield improved outcomes.?® Second, com-
mon terminology based on the patient’s MLBP classi-
fication will provide a basis for determining prognosis
in clinically similar groups of patients.?® Third, the
ability to classify patients with MLBP into homoge-
neous movement system-based subgroups will increase
the power of clinical trials aimed at testing the
effectiveness of treatment.?°

Because of the method we used for analyzing the
data (PCA), we know that the first factor we identi-
fied, the lumbar rotation-with-extension factor, repre-
sents the construct that is best represented in our
data. The set of items that loaded on the first factor
were tests in which (1) the patient’s symptoms were
increased by movement and alignments of the spine
in the direction of extension and rotation both with
overt trunk movements, such as side-bending, as well
as with movement of the limbs, and (2) the patient
displayed movements of the lumbar spine region in
extension or rotation with movements of the lower
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TABLE 10. Correlations among factors 1, 2, and 3 for sample 1 and sample 2.

Sample 1 Sample 2
Factor 1* Factor 27 Factor 3* Factor 1 Factor 2 Factor 3
Factor 1 1.000 1.000
Factor 2 —0.052 1.000 0.086 1.000
Factor 3 0.054 —0.055 1.000 0.004 0.019 1.000

* Factor related to lumbar-rotation- and extension-related category.
T Factor related to lumbar-rotation-related category.
¥ Factor related lumbar-extension-related category.

extremities. The finding that tests related to the
lumbar rotation-with-extension category were best
supported by our data is of particular interest be-
cause patients characterized by rotation and exten-
sion impairments have, thus far, not been the
primary focus of the majority of studies of other
classification systems for MLBP based on movement
system impairment. Though other classification sys-
tems describe MLBP categories that appear to be
similar to our rotation-with-extension category, for
the most part, the primary focus of studies of other
systems has been on other patient types. For example,
some studies have focused primarily on patients
characterized by symptoms with flexion, or flexion
and side-gliding trunk movements, and flexed and
laterally shifted postures.'?1316:2430.36 Other studies
have focused primarily on patients proposed to have
some component of sacroiliac region dysfunc-
tion.®>”* The differences in the types of patients we
have identified in our sample compared to those
tested in other classification systems may be related
to 2 issues. The first issue is related to differences
in methods for assessing rotation-related impair-
ments. In other examinations, lumbar rotation im-
pairments are assessed primarily through trunk side
gliding and side bending in standing.®?* We assessed
rotation-related impairments by using not only active
trunk movements, but also active limb movements in
several different positions (Table 1). We believe that
the limb movement tests for rotation impairments are
important because performance of limb movements
often increases MLBP symptoms,®? and restriction of
spine and pelvic movement with limb movements
often decreases the patient’s symptoms.®* Inclusion of
the limb movement tests, in addition to the com-
monly performed test of side bending in standing,
may have allowed us to better identify patients with a
rotation and side-bending component to their MLBP
problem.

The second issue is related to differences in the
characteristics of patients in our sample compared to
those in other studies. The majority of our patients
had a chronic,® multiepisode MLBP condition and a
mean Oswestry disability score®® of 26% (Table 3).
Studies of other classification systems have specifically
targeted patients in the acute stage of their
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MLBP®71416 or have included larger proportions of
patients in the acute or subacute phase of their
MLBP episode!®?4303¢ when compared to our pa-
tients (37%). Additionally, the Oswestry disability
scores of patients in studies of other classification
systems, when documented, have averaged approxi-
mately 40%.%7141® We have observed that many of
the patients who on examination exhibit a prepon-
derance of rotation- and extension-related impair-
ments often report that their symptoms are typically
present across a year, fluctuating in intensity within
and across days, as well as weeks. We have found that
discrete episodes of MLBP are difficult for these
patients to identify and they often instead report
occasional flare-ups® in their symptoms across the
previous year. We also have observed that these
patients often report that they are still limited in
their ability to perform regular activities because of
their symptoms, even though the majority of patients
in our sample continued to work. Descriptions of
their limitations often include behaviors such as
requiring extra effort to perform their activities,
reducing the amount of time spent on activities
because of their symptoms, or accomplishing less
than they typically would before they had a MLBP
problem. We believe that patients who have such a
clinical picture are patients who may repeatedly stress
tissues in the lumbar region in specific directions as a
result of movement and alignment strategies that they
are performing continually throughout their day. As a
result, symptoms appear to be long-lasting in nature,
varying in intensity across time with maintenance of a
regular schedule of activities, with occasional distinct
flare-ups often associated with an increase or change
in regular activity levels.

Although the classification system we have de-
scribed has been proposed to be useful for directing
conservative management of patients with MLBP, we
excluded some MLBP diagnoses in our sample. In
particular, we excluded patients with 2 specific diag-
noses: spinal stenosis or patients with more than 1
spinal surgery for their MLBP. The decision to
exclude patients with spinal stenosis was based on our
concern at the outset of the study that many of the
physical therapy clinics from which we were recruit-
ing would have a large percentage of geriatric pa-
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tients. We assumed that the majority of geriatric
patients with MLBP would have a diagnosis of spinal
stenosis, and because many would be retired, they
would more likely be free to volunteer for the study.
We chose to exclude the spinal stenosis patients
because this was our first attempt at examining the
validity of the classification system and we wanted to
increase the likelihood of sampling a number of
different types of MLBP. We excluded patients who
had undergone more than 1 spinal surgery for their
MLBP because it has been our experience that many
of these patients are likely to be patients referred
from clinics that specialize in pain management.
We thought these patients were not representative
of typical patients with MLBP. In addition, based on
our clinical observations, it appears that many pa-
tients who have undergone more than 1 spinal
surgery have neurological sequelae, such as lower
extremity weakness, and can not stand independently
for prolonged periods of time. Some of the testing
that patients participated in as a part of the study
required the patient to stand independently. The
exclusion of these specific diagnoses from our cur-
rent sample is not meant to indicate that the classifi-
cation system could not be applied to patients with
spinal stenosis or more than 1 spinal surgery. The
applicability of the classification system to these
diagnoses would need to be answered through addi-
tional testing.

Our primary purpose was to begin to examine an
aspect of the validity of the proposed classification
system. Specifically, we were interested in examining
whether or not movement system impairments would
group together to represent dimensions of impair-
ments related to the categories described by our
clinical expert. Because this was our primary intent
and the number of variables included in the analysis
while still assuming stable factor structures was lim-
ited,’” we did not include items related to other
information (eg, history). Similar approaches have
been used by other investigators in initial studies of
classification systems for MLBP.>?? Because the valid-
ity testing of any instrument is an iterative process,
inclusion of other variables of interest could be a
focus of future validity studies.

Our sample included people referred from sources
other than those currently referred to physical
therapy clinics for their MLBP. There is the possibility
that the inclusion of patients from nonclinical refer-
ral sources could limit the generalizability of our
findings. There are some reasons, however, to ques-
tion such an assumption. First, decisions about refer-
ral to physical therapy are determined by factors
other than just the appropriateness of the patient for
rehabilitation. For example, the type of insurance in
which the patient is enrolled, as well as the fact that
MLBP is considered to be a self-limiting condition,
likely are important factors considered by the pa-
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tient’s physician when deciding whether or not to
refer the patient to physical therapy. Second, patients
with musculoskeletal pain problems are evaluated by
physical therapists in other than a clinic-based setting,
for example, in health and fitness clubs or
musculoskeletal screening clinics. Patients seen in
these other settings may be similar to the kinds of
patients in our study referred from nonclinic sources.
Finally, many of the patients in our sample reported a
history consistent with recurrent MLBP (88%) and
many (79%) had received some form of physical
therapy treatment for their prior episodes of MLBP
(Table 3). Because MLBP is often a recurrent prob-
lem,® it is likely that the MLBP symptoms that the
patient was complaining of at the time of our study
were related to the symptoms experienced during
previous episodes in which he or she received physi-
cal therapy.

The 3 factors identified in our study together
explained approximately 50% of the variance in
patients’ responses on the impairment tests from
the examination. This finding was not totally
unexpected. We are aware of only 1 other study
that used a principal components analysis to examine
the construct validity of movement system
impairment-based classification system for directing
conservative management of patients with MLBP.®
Delitto et al conducted a confirmatory principal
components analysis as an initial attempt at examin-
ing the construct validity of 3 of the 7 impairment-
based categories proposed in the treatment-based
classification (TBC) system.®'® Similar to our study,
the analysis included responses to tests of symptoms
with various positions and movements, as well as
judgments of alignment that the investigators thought
would be related to the 3 categories of interest.
Delitto et al identified 2 factors related to 3 of the
proposed categories. Similar to our results, the factors
identified in the Delitto et al® study explained an
average of 50% of the variance in the patients’
responses to the impairment tests from the examina-
tion included in the analysis. Thus, our findings,
using principal components analysis to examine 3
groupings of clinical tests of impairments for MBLP
are similar to those of Delitto et al.®

There are a few potential features of the data that
may potentially account for the remaining unex-
plained variance in the patients’ responses. First,
because principal components techniques are based
on intercorrelations among items, 2 features of the
data in particular may be contributing to some of the
unexplained variance. The first feature is unreliability
of item responses. Although as a group the examiners
in our study obtained clinically acceptable reliability®
for conducting the tests from the examination in-
cluded in our analyses,® any unreliability of indi-
vidual item responses would attenuate the
correlations among items. The second feature is the
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incidence of responses for the examination items.
Any time the range of scores for a given item is
restricted, the size of the correlation of that item with
another item will be attenuated.* The range of
incidences we accepted was between 0.30 and 0.80.%°
Together, these features of the data have the poten-
tial to reduce the amount of variance explained by
the factors that we retained from the analysis. We also
have observed clinically that there may be subgroups
of patients that may display some, but not all, of the
findings thought to characterize a particular category
of MLBP. For example, a patient may report an
increase in symptoms with (1) side bending in
standing, (2) knee flexion in prone, and (3) hip
rotation in prone. Because the patient exhibits posi-
tive responses to some of the test items that loaded
on the rotation-with-extension factor identified, in the
current study we would consider the patient to have a
rotation-with-extension MLBP problem. A similar ap-
proach to categorizing patients was used in some
studies of the TBC system.”'* It is possible that some
of the variance left unaccounted for could be ex-
plained by factors related to patients who display only
some of the findings characteristic of the proposed
categories. For example, the components not re-
tained from the analysis may represent factors related
to some of the potential subgroups and would ex-
plain additional variance in the data set. These
factors, however, do not appear to be well repre-
sented in the sample because they did not meet the
criteria we used for factor retention. The variation in
the number and type of impairments that character-
ize a particular patient’s examination findings may be
altered by factors such as the severity of the MLBP
problem, as well as the types of activities that contrib-
ute to the MLBP problem.

We chose not to test for factors related to all of the
proposed categories of the classification system in the
present analyses. The fact that we did not test for
factors related to 2 of the categories is not intended
to indicate that the other 2 proposed categories do
not exist, or that the proposed flexion and rotation-
with-flexion categories are any less important than
the other 3 categories focused on in the present
study. Our decision to test for only some of the
factors proposed to be related to the MLBP catego-
ries was based on 2 issues. First, it appeared that we
were not getting large numbers of patients with
clusters of findings descriptive of 2 of the categories
(flexion and rotation with flexion). For example, a
patient with a flexion problem might present with the
following findings: (1) an increase in symptoms with
forward bending from standing, sitting in flexion,
and rocking backward from quadruped, (2) a de-
crease in symptoms when each of these test move-
ments or positions was corrected, (3) a flexed
alignment of the lumbar spine in standing and
quadruped, and (4) flexion of the lumbar spine early
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in the range of rocking backward in quadruped
(Table 1). As a result of the small numbers of
patients displaying these findings there was some
degree of range restriction in our sample. Second, we
tested for the number of factors we judged to be
appropriate given the recommended conditions
needed to obtain stable estimates of the factor
structure in our sample and in testing the replicabil-
ity of the factor structure. Because the composition of
the sample contributes to the factors that emerge
from the analysis,®® and because we were limited in
the number of variables that we could include if we
wanted to minimize the effects of sampling variabil-
ity,” we made a judgment to limit the number and
types of factors for which we tested.

Our examination included tests of impairments
that were not included in the present analyses. One
could question whether or not these items should
continue to be included in the examination. Some of
these items were those related to the flexion or
rotation-with-flexion category and were therefore ex-
cluded on the basis of constraints of the testing
situation and sample characteristics. Other items were
excluded due to reliability, incidence, or relative
clinical relevance. Because the work related to any of
the test items or classification system is in its early
investigative period, we consider conclusions about
eliminating items or categories without explicit test-
ing to be inappropriate in this early stage of study.
We view all of the testing of the items and classifica-
tion system in terms of an iterative process. The
findings from the current study are just a small piece
of the picture and it would be too early in the testing
to consider the results of our work as being defini-
tive.

The possibility exists that a patient may not display
a consistent pattern of alignment and movement
impairments associated with only 1 of the 5 proposed
categories. For example, a patient may report an
increase in symptoms with tests associated with flex-
ion, extension, and rotation, as well as signs associ-
ated with flexion, extension, and rotation. In such
instances our approach to rehabilitation of the pa-
tient is to (1) train the patient to stabilize the lumbar
spine during all the functional skills that involve
trunk and limb movements that are symptom-
provoking, (2) have the patient assume a neutral
alignment of the lumbar spine with static positions,
(3) have the patient change the load or unload the
lumbar spine as frequently as possible, and (4)
provide external support to the lumbar spine, as
needed, to help the patient maintain a neutral
lumbar spine alignment (Table 2). In our experience,
we have found that such a pattern of findings would
most likely occur in the early stages of a severe MLBP
episode. Reduction of the specific alignment and
movement factors identified through the examination
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that appear to contribute to cumulative stress to the
already injured tissues often results in rapid return of
functional mobility.

The current study has some potential limitations.
First, the majority of the patients were categorized as
having chronic MLBP (more than 7 weeks since onset
of current MLBP symptoms).?° Generalization of the
findings obtained with the current sample to patients
at other levels of chronicity may be limited. Second,
the cross-validation procedure performed in the cur-
rent study involved randomly dividing data from a
sample of patients with MLBP into 2 subgroups and
then testing for similar factor structures and item
loadings in the 2 groups. Although our recruitment
procedures were designed to capture patients from a
variety of clinics across the metropolitan area, the
characteristics of the subjects comprising the
subsamples could be somewhat limited in scope
because they were recruited from clinics affiliated
with a university. Third, we tested for only 3 factors
related to 3 of the 5 categories proposed, and thus,
the current work provides only the first stage in
validation testing of the classification system. We
chose to restrict our testing, however, because we
believed it was most important to (1) maintain the
relatively large size of the data set to insure reliable
identification of stable factors and item loadings,’
and (2) use methods that would allow us to test for
reproducibility of the factor structure.

The current study is the first attempt to systemati-
cally examine the validity of the proposed MLBP
categories. Future studies could include replication of
our results in a new sample of patients with MLBP.
The new sample would allow us to test for a factor
structure similar to the structure identified in the
current study, and potentially, for factors related to
categories not tested in this sample. Expansion of our
studies to include more patients in the subacute and
acute stages of their MLBP episode could be per-
formed. Determination of specific decision rules for
assignment to a category and testing the accuracy of
the decision rules currently is being conducted. The
ability to classify MLBP patients into subgroups based
on clusters of movement-system-related signs and
symptoms then would allow clinical trials to be
conducted on more homogeneous groups of patients
with MLBP.

CONCLUSION

A confirmatory principal components analysis was
conducted to test an aspect of the construct validity
of 3 categories of the proposed classification system
for MLBP. Three factors related to 3 of the 5
proposed MLBP categories were identified in 2 differ-
ent samples of examination data obtained from
patients with MLBP. The identification and replica-
tion of the hypothesized factors provides partial
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evidence for the construct validity of 3 of the groups
proposed to exist in people with MLBP.
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Operational Definitions for Responses for Symptom
Items of the Physical Examination*

1.
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Symptoms Increased The patient’s symptoms (pain
or paresthesia) were (1) evoked, (2) increased in
intensity, or (3) located more distally with perfor-
mance of the test.

Symptoms Remained the Same The patient’s symp-
toms were unchanged in intensity or location
with performance of the test.

Symptoms Decreased The patient’s symptoms were
(1) diminished or absent or (2) located more
proximally with performance of the test.

*As part of the procedures, examiners were in-
structed to prioritize the behavior of the most distal
symptoms when making a judgment about the pa-
tient’s response in circumstances in which responses
for proximal and distal symptoms were different.

There were no

instances in which this occurred

during the testing of the current sample.*3
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APPENDIX B

Descriptions of Physical Examination Items Included
in the Analyses Organized by Position

Standing

Symptoms With Side Bending The subject assumed a
standing position with feet shoulder width apart and
arms along the side. The subject then performed a
lateral-bending movement of the trunk in the frontal
plane. The examiner instructed the subject to avoid
flexing or rotating the spine with the side-bending
movement. The movement was performed to each
side. The symptoms with the test movement were
compared to the subject’s symptoms in standing.

Sitting

Symptoms With Lumbar Region Extension The subject
began from a sitting position in which the lumbar
region was in a flat alignment, the femurs were fully
supported, the hips were positioned in 90° of flexion,
neutral abduction and adduction and neutral rota-
tion, and the lower extremities were relaxed with the
feet supported. The subject then extended his lum-
bar region as far as possible. The symptoms with the
test position were compared to the subject’s symp-
toms in sitting with the lumbar region in a flat
alignment.

Supine

Symptoms With Hip Abduction and Lateral Rotation in
Hook Lying The subject assumed a supine position
with 1 lower extremity extended and the opposite
lower extremity flexed at the hip and knee and the
foot flat on the table. The subject performed unilat-
eral hip abduction and lateral rotation with the lower
extremity that was flexed. The symptoms with the test
movement were compared to the subject’s symptoms
when lying in the starting position for the test
movement.

Prone

Symptoms in Prone The subject assumed a face-lying
position with the hips positioned in neutral abduc-
tion and adduction and neutral rotation. The sub-
ject’s arms were positioned at his side and the head
was turned to either side, whichever side was most
comfortable for the subject. If necessary, the exam-
iner assisted the subject to adjust his/her position to
eliminate any side-bent or rotated alignment of the
lumbar region. The symptoms with the test position
were compared to the subject’s symptoms in the
hook-lying position.

Symptoms With Knee Flexion While in prone the
subject actively flexed a knee to 90° and then
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returned it to the starting position. The test move-
ment was performed separately with each lower ex-
tremity (LE). The symptoms with the test movement
were compared to the subject’s symptoms in prone.

Relative Flexibility of the Lumbar Spine Region With
Knee Flexion While the subject performed knee flex-
ion in prone, the examiner made a judgment about
the presence of a significant degree of (a) anterior
pelvic tilt in the sagittal plane, and (b) pelvic rotation
in the horizontal plane prior to completion of 90° of
knee motion. The judgment was based on visual and
tactile information.

Symptoms With Hip Extension in Prone While in
prone the subject actively extended a hip through the
available range of motion (ROM) or no more than
10° of motion keeping the knee extended. The test
movement was performed separately with each LE.
The symptoms with the test movement were com-
pared to the subject’s symptoms in prone.

Symptoms With Hip Rotation in Prone While in prone
the subject bent 1 knee to 90° and then actively
medially and laterally rotated a hip as far as possible.
The test movement was performed separately with
each LE. The symptoms with the test movement were
compared to the subject’s symptoms in prone.

Relative Flexibility of the Lumbar Spine Region With Hip
Rotation in Prone While the subject performed hip
rotation in prone, the examiner made a judgment
about the presence of a significant degree of pelvic
rotation in the horizontal plane during the hip
motion. The judgment was based on visual and tactile
information.

Quadruped

Pelvic Rotation or Tilt With Rocking Backward in Quad-
ruped While the subject rocked backward in quadru-
ped, the examiner made a judgment about the
presence of rotation of the pelvis in the horizontal
plane and lateral pelvic tilt in the frontal plane. The
judgment was based on visual and tactile information.

Symptoms With Rocking Forward in Quadruped The
subject assumed a quadruped position. In quadruped
the subject attempted to attain the following align-
ment: (a) lumbar region aligned parallel with the
support surface, (b) hip joint angle at 90° of hip
flexion, (c) the hip in neutral abduction and adduc-
tion and neutral rotation, and (d) the knee in 90° of
flexion and neutral rotation. Once the position was
attained, the subject then rocked forward assuming
the weight of the trunk through the extended upper
extremities while extending the spine, hips, and
knees. The symptoms with the test movement were
compared to the subject’s symptoms in the initial
alignment in quadruped.
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