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Summary: One of the more difficult tasks associated with the treatrnent of low back disorders (LBDs) is the
clinical assessment of the disorder. Proper diagnoses and assessments are imperative for the successful
treatment and tracking of the disorder. Unfortunately, current techniques are only able to quantitatively
diagnose a small percentage of LBDs. In this study we have studied the trunk motion characteristics of 339
normal subjects and 171 subjects suffering from 1 of 10 categories of LBDs. We have found that traditional
parameters such as range of motion do not distinguish well between the normal and LBD groups. However,
by considering range of motion in addition to higher order trunk motion characteristics such as trunk velocity
and acceleration we have found that we can quantitatively describe the degree of a LBD. In addition, based
upon these motion characteristics we were able to correctly classify over 80% of our 510 subjects into 1 of
11 classifications (normal plus 10 LBD groups). These motion related parameters may relate to biomechanical
sensitivities to spinal loading. These results indicate that trunk motion characteristics hold great promise
for the quantitative documentation and classification of LBDs. These motion parameters also hold promise

for the quantification of recovery.

(Eur. j. phys. med. rehabil. 1993;3:218-235)

Introduction

Low back pain (LBP) and low back
disorders (LBDs) have been
shown to be one of the most com-
mon and significant musculoskel-
etal conditions facing society to-
day (1). It has been estimated that
up to 80% of the population will
experience a LBD at some time
during their working career (2). At
any one point in time 15 to 17% of
the population will suffer from a
LBD (3). These disorders strike
during the prime working years.
LBD is the primary reason for ac-
tivity limitation for those under 45
years of age (4). This situation has
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resulted in a financial cost of over
4 billion dollars in lost wages per
year and a total cost to society of
between 25 and 95 billion dollars
per year in the United States alone
(5).

The assessment of LBD

One of the more difficult tasks as-
sociated with the treatment of
LBD is the clinical assessment of
the disorder. An accurate assess-
ment is required for several rea-
sons. First, an accurate diagnosis
is necessary so that appropriate
treatments can be administered.
Second, an accurate assessment
permits one to quantify the extent
of a disorder. This information is
useful so that one could judge the
rehabilitative progress as well as
for workers’ compensation pur-
poses. Third, assessments permit
one to take the appropriate pre-
cautions so that the patient is not
placed in situations where the dis-
ability would be exacerbated. For

example, one can match ergo-
nomic trunk motion descriptions
of a job (job demands) with clinical
functional evaluations of a worker
to ensure a return to work does
not over tax the worker's abilities.
Fourth, erroneous pathoiogic di-
agnoses may perpetuate patients’
self perception of illness, thus,
prolonging disability. This may
also lead to unnecessary and ex-
pensive diagnostic studies which
have a finite risk of medical com-
plication and false positive re-
sults, potentially leading to inap-
propriate and  unsuccessful
surgery. Finally, the evaluation of
efficacy of treatment modalities is
confounded by the inability to
document the heterogeneity of the
patient groups. Thus, an accurate
assessment is important to facili-
tate proper individual treatment.

It has been estimated that the pre-
cise diagnosis is unknown in 80 to
90% of patients with disabling
LBDs (6). Thus, misdiagnoses can
precipitate iatrogenic problems.




There are currently several meth-
ods by which LBDs are classified.
Anatomically based assessments
may be used to classify patients
according to the presumed struc-
ture which is injured or otherwise
painful. However, more than 25%
of healthy asymptomatic individ-
uals may have MRI, CT, or myelo-
gram evidence of disk herniation.
In addition, a pathoanatomic di-
agnosis is available in fewer than
15% of patients with LBD (7).
Thus, the clinical examination
and anatomic imaging may be un-
able to identify or may incorrectly
identify the source of the structur-
al problem in those suffering from
aLBD.

More recently the Quebec Study
classification system has been de-
veloped (8). This system accounts
for: 1) the fact that many patients
suffering from LBD do not have a
clearly identifiable causative
structural  abnormality, and
2) recognizes that LBD are time
limited. This classification
scheme, thus, permits one to in-
corporate the patient history and
symptom reports into the classifi-
cation of the LBD. It is not neces-
sary to make a major pathoana-
tomic diagnosis for most patients
early during the course of a LBD.
However, this classification sys-
tem does not permit one to imme-
diately diagnose the source of the
problem and may suffer from con-
founding from differing structural
problems. Thus, under certain
circumstances this classification
scheme might not permit the pre-
scription of the most optimal
treatment or may not permit one
to take appropriate precautions to
avoid reinjury since such treat-
ment or precautions depend on
knowledge of the pathoanatomic
diagnosis.

Functional assessments of LBD
have increased in popularity over
the past several years. These as-
sessments are based upon the
premise that the trunk’s muscu-
lature both support as well as load
the spine during a trunk exertion.
Therefore, one could document
the amount of trunk force
(strength) a LBD patient is willing

to generate before pain increases
and this measure can be com-
pared to a normative data base to
serve as an indicator of the extent
of the disorder. Historically, trunk
force has been documented by
employing isometric, isokinetic,
concentric and eccentric loadings
upon the trunk. These techniques
have yielded a large amount of da-
ta that describe the capacity of the
trunk musculature to support
loads imposed on the body (9, 10).
Parnianpour et al (11) have dem-
onstrated that such techniques
could document the changes in
the motor control of the trunk
during repetitive fatiguing move-
ments. However, strength mea-
surement protocols usually re-
quire the maximal exertions that
may be limited by the pain toler-
ance (which varies greatly be-
tween people) rather than the
strength deficit (12). In addition,
some have voiced concern over
safety associated with strength
testing (13).

Recently functional assessments
have incorporated free dynamic
motions of the trunk without ex-
ternal loading the trunk (14). Our
previous studies have shown that
trunk motion characteristics, in-
dependent of trunk torque pro-
duction, are a feasible means to
document the existence of a LBD.
The concepts of trunk motion
characteristics, patterns of the
movement profiles, and "move-
ment signature” have been used
to objectively document the large
amount of information about the
status of the trunk’s musculo-
skeletal control system (15-22).
Preferred motions have also been
found to be highly repeatable.
Still, there is much controversy as
to the value of trunk motion as a
measure of the musculoskeletal
system status.

Trunk motions may be affected by
factors other than LBD. The exist-
ing literature is limited in its de-
scription of the motion patterns of
normal and LBD patients. The ef-
fects of age and gender on dynam-
ic parameters of motions have not
been evaluated. Case studies are
not sufficient evidence for identifi-
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cation of the LBD disorder based
on the motion characteristics (16).
Proponents of this untested hy-
pothesis argue that one could
characterize quantitatively the ex-
tent of a LBD by comparing the
trunk functional motion charac-
teristics of a patient suffering from
LBD with the motion characteris-
tics of a normative group of sub-
jects (adjusted for age and gen-
It is also believed that
different sources of LBD would be
manifested by different musculo-
skeletal system compensations
that would be identifiable via the
trunk motion signature. Based on
this theory, when the trunk is vol-
untarily and dynamically loaded
in different lines of action the var-
ious pathologies would be identifi-
able by a reduction in the accept-
able motion at different points
throughout the motion. There-
fore, one should be able to classify
LBD patients via observation of,
the trunk motion characteristics
under different asymmetric con-
ditions.

Objective

The objective of this study was
four fold: 1) to establish the reli-
ability of motion assessment us-
ing an’ exoskeletal goniometer:
2) to determine the effect of the
age, gender and asymmetry on the
motion variables of normal and
LBD patients; 3) to develop a
method to quantify the extent of a
disorder; and 4) to test the hy-
pothesis of whether one could use
trunk motion signature to classify
LBD patients into the appropriate
LBD diagnosis categories.

Methods

This study assumed that by ob-
serving motion characteristics as
a function of various asymmetric
bends of the trunk a composite
measure of the trunk musculo-
skeletal control system can be es-
tablished. It has been shown that
during symmetric lifting motions,
dynamic motion characteristics
are controlled primarily with the
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large, well developed muscles
such as the erector spinae (23).
However, during asymmetric ex-
ertions, motor control becomes
more complex and one would ex-
pect that a combination of the
smaller less developed muscles
(such as the internal and external
oblique groups) would be syn-
chronously recruited to control a
precision bending motion of the
trunk (24). This change in the pri-
mary control muscles would re-
sult in a reduced range of motion
as well as a reduction of the dy-
namic motion characteristics as
the bending task becomes more
asymmetric. Our previous studies
(25) have shown that this is in-
deed the case for normal subjects.
Hence, such a protocol permits
one to describe the status of the
trunk’s musculoskeletal control
system. The current study will ex-
tend this concept to those suffer-
ing from various categories of LBD
to determine whether sensitivities
to various pathoanatomic condi-
tions and symptoms could be
quantitatively identified via this
motion signature.

Experimental protocol

An experiment has been devel-
oped to solicit the trunk motion
characteristics or motion signa-
ture response to asymmetric
bending. In this experiment a
group of normal subjects as well
as a group of subjects suffering
from various (well documented)
LBDs were asked to flex and ex-
tend their trunks repeatedly in
various symmetric and asymmet-
ric planes of movement while the
three-dimensional motion char-
acteristics of the trunk were mon-
itored. No trunk resistance or ex-
ternal load was applied to the
trunk during these tests. During
the testing session the subjects
viewed a screen that indicated the
instantaneous twisting (asym-
metric) position of the trunk. A
twisting position target (+ 2 de-
grees) was also identified on the
screen. The subjects were asked
to repeatedly flex and extend their
trunk at their preferred speed

Table 1. The number of normal subjects tested shown as a Junction of

gender and age.

Normal  Subjects
Sex All age 20's 30's 40's 50's 60's
groups
Male 193 67 38 25 25
Female 146 45 26 24 26
Total 339 112 64 49 51
while maintaining their twisting LBD Classification

position within the target. If the
twisting position fell outside the
target during the trial a tone was
automatically sounded and the
trial was repeated. In this manner
it was possible to monitor the free
dynamic natural motion charac-
teristics of the trunk without
physically restricting or interfer-
ing with the trunk motion.

Subjects

The normal subject population
consisted of 339 males and fe-
males between the ages of 20 and
70 who claim to have never experi-
enced a significant back pain. The
number of subjects of each gender
as well as the number of subjects
within each decade of age are
shown in Table 1. 171 patients
suffering from various LBDs were
recruited from the practices of two
of the authors (RRC and SRS),
which are secondary and tertiary
referral practices for LBDs. Con-
sequently, symptoms had gener-
ally been present for more than 7
weeks at the time of evaluation. Of
these subjects, 96 were males and
75 were female. Only patients
with a well diagnosed LBD were
included in this study. Anthro-
pometric characteristics of both
the normal as well as the LBD
groups are shown in Table 2. Of
the anthropometric characteris-
tics, only standing height was
similar between the 2 groups.
Trunk dimensions were generally
larger for the LBD group, except
for spine length, which was short-
er for the LBD group.

Classification of LBP syndromes
is hampered by the lack of clear
and consistently applicable
pathologic diagnoses for perhaps
the majority of LBP patients seen
in the typical clinical setting, Dif-
ferent physicians may assign the
same patient differing diagnoses,
based on differing pathophysio-
logic hypotheses (e.g. disk degen-
eration, facet syndrome, disk
bulge, myofacial pain syndrome).
Recognition of this clinical uncer-
tainty led the Quebec Task Force
on Spinal Disorders to develop a
classification scheme which does
not presume a specific pathologic
diagnosis, but rather categorizes
patients according to more con-
sistently identifiable clinical char-
acteristics. This categorization
scheme is based on the location of
pain (local back pain without radi-
ation of pain to the extremity, with
proximal radiation, or with distal
radiation), on the presence of neu-
rologic signs, and whether there
has been local root compression
or spinal stenosis seen on specific
imaging techniques, such as
myelography, computerized
tomography or magnetic reso-

_ nance imaging. Pain location cat-

egories were also subdivided ac-
cording to pain duration. In
addition, categories for postoper-
ative patients (with or without
pain) and chronic pain syndrome
patients were established. Al-
though this classification does not
establish the structural lesion re-
sponsible for observed clinical
phenomena, this does permit ra-
tional clinical decisions for further
diagnostic studies and treatment,
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Table 2. Anthropometric characteristics of the normal and LBD subjects and allows a higher degree of in-
populations (mean [SD]). ter-observer reliability.

The presence of potential non-or-

Anthropometric Var. Sex Normal Subjects LBD Patients gan‘ic c?mppnents to individgal
patients’ pain syndromes, which
> could affect volitional movement,
Weight(lb) Male 178.8(31.2) 187.5(29.8)*** was recognized. For most pa.
: : _ Female 148.4(35.0) 156.3(42.6) tients, signs for non-organicity
Staﬂdlng helght(cm) Male 1777(72) 1776(86) were recorded in 5 Categories: su-
Female 163.6(6.6) 163.2(6.8) perficial tenderness, overreac-
Spine Length(cm)! Male 53.4(3.7) 52.4(3.0)** tion, regionalization of symptoms,
Female 47.9(3.3) 46.3(3.4)** variation of exam with distraction,
Trunk Breadth(cm)> | _ Male 303(32) 323(.4) and simulation maneuvers (26).
Femalo 27.5(4.5) 29.6(4.8)" Patients were considered to have a
— — probable significant non-organic
Trunk Depth(cm)* Male 23.2(4.0) 25.3(4.4)** pain component if signs in more
Female 21.5(5.3) 23.6(5.9)** than 3 categories were present or
Trunk Circ.(cm)# Male 90.1(11.1) 96.7(11.4)** if elevation of the Hs or Hy scale

Female 82.1(15.5) 88.5(18.2)** was seen on MMPI testing.
Leg Length’ Male 95.9(6.2) 92.9(11.4)** In this study we analyzed trunk
Female 89.3(5.1) 85.6(7.9)** motion differences among 10 pa-
R. Illiac. height(cm)* Male 108.8(5.6) 107.2(5.4)* tient categories that included
Female 100.6(4.8) 100.2(4.8) both anatomic ang pain locati%n
; : tegories generally correspond-

L. Iliac. height(cm)? Male 108.8(5.6) 107.2(5.4)* ca

£ Femalo 100.5(4 8) 100.3(4.9) ing to those of the Quebec Task

Force. The following categories
were evaluated: LBP with proxi-
! The distance from the lumbar-sacral joint (L5/S1) to the top of the first cervical mal radiation (Quebec Class 2),

vertebrae (C1). . . o 4.

% The dimensions were measured at the level of the umbilicus. LBP with dlStal,radlatlon (Quebec
3 The height of top of the greater trochanter. Class 3), localized LBP (Quebec
* The height of the top of the ilium in the mid-axillary plane on the right (left) side. Class 1), isthmic spondylolis-
** Significant at p < 0.001 from t-test between the normal and patients thesis, herniated lumbar disk

* Significant at p < 0.01 from t-test between the normal and patients with minimal or no pain (3 or less

on a 10 point analog visual scale
(HNP < 3)), herniated lumbar disk
with moderate or worse pain (HNP
> 3), spinal stenosis, post-opera-
tive patients with pain (Quebec
© 9.2), patients with evidence for
significant non-organic pain com-
Category Number of Patients | Percentage of Total ponents, and other diagnoses,
predominately idiopathic sco-
liosis (Quebec 11). The number of
subjects associated with each

Table 3. LBD classification showing the number of patients and percent-
age of total LBD patients in each category.

Quebec 1 16 9.4% LBD classification group is shown
Quebec 2 17 - 10% in Table 3. The list of categories
Quebec 3 17 10% were finalized after considerable
Spondylolisthesis 16 9,49, ana}ysis of the clinical and practi-
Herniated Disc Pain > 3 30 18% cal issues.
Herniated Disc Pain <=3 12 7% This S‘:)t t?xf catetg}i)ries hdiscﬁrtng
. o nates between those herniate
éf:;::;sg > %? 165"/? disk patients who have minimal or
L no pain, and those who have more
Non-organic 17 10% severe pain. Patients were seen
Quebec 11 9 5.2% with varying degrees of relief after
Total 171 100% non-surgical management of

lumbar disk herniation, and we
speculated that the lumbar mo-
tion might vary greatly with pain




severity. Patients with isthmic
spondylolisthesis are evaluated
as a distinct category. Although
no specific category exists for this
diagnosis within the scheme of
the Quebec Task Force, we believe
that isthmic spondylolisthesis is a
sufficiently distinct structural
anomaly to warrant evaluation for
specific motion characteristics.
There were too few patients with
degenerative spondylolisthesis to
permit evaluation.

The patients with LBP, with and
without varying radiating pain
(Quebec 1, 2, and 3) comprised
both patients who (at various
points through their treatments)
underwent specific imaging tests
which were negative for any signif-
icant neural compression, and
patients who had never been sub-
jected to such imaging. Because
those with distal radicular pain
without prior imaging may repre-
sent patients who are afflicted
with lumbar disk herniation, they
were excluded from this analysis.
In addition, patients who could
not be classified, due to insuffi-
cient clinical information, were
excluded, as were those with over-
lapping diagnoses, such as spon-
dylolisthesis and disk herniation.

Experimental design

Five asymmetric positions of the
trunk were tested in this study.
Asymmetry was defined as the
amount of trunk twist in the
transverse plane of the body.
Asymmetry was set at 5 levels
consisting of a sagittally symmet-
ric position (0), 15 degrees of twist
to the right (15 right), 15 degrees
of twist to the left (15 left), 30 de-
grees of twist to the right (30
right), and 30 degrees of twist to
the left (30 left). These asymmetric
lines of action are illustrated
graphically in Figure 1. The initial
testing position for each subject
consisted of the O condition fol-
lowed by the two 15-degree condi-
tions, followed by the two 30-de-
gree conditions. The order of the
right and left conditions were
counterbalanced in the experi-
mental design. Subjects were not

Reference

Asymmetric ?
Planes

Fig. 1. Asymmetric planes defining
the testing conditions.

always able to perform all condi-
tions.

Twenty-seven dependent variables
were observed from in this experi-
ment as a function of each asym-
metric condition. One variable
(ability} simply described the ca-
pability of the subject to complete
the various experimental condi-
tions. The second variable con-
sisted of twisting ROM capability
(not part of experimental condi-
tions). 15 trunk motion character-
istics or features were observed as
a function of the experimental
conditions. These characteristics
consisted of: 1) the range of mo-
tion (ROM) (difference between
maximum and minimum posi-
tion) in the sagittal plane, 2) ROM
in the frontal plane, 3) ROM in the
transverse plane*, 4) peak flexion
velocity in the sagittal plane,
5) peak extension velocity in the

* Note: These motion characteristics
were limited by the experimental
conditions.

sagittal plane, 6) peak flexion ac-
celeration in the sagittal plane,
7) peak extension acceleration in
the sagittal plane, 8) peak right
lateral (frontal) bending velocity,
9) peak left lateral bending veloci-
ty, 10) peak right lateral bending
acceleration, 11) peak left lateral
acceleration, 12) peak right axial
velocities in the transverse plane*,
13) peak left axial velocity in the
transverse plane*, 14) peak right
axial acceleration in the trans-
verse plane*, and 15) peak left ax-
ial acceleration in the transverse
plane*. Finally, 10 weighting coef-
ficients were used to characterize
the continuous nature of each of
the angular position, velocity and
acceleration profiles in the sag-
ittal plane. These coefficients were
computed based on the optimal
feature extraction procedure that
enabled to accurately reconstruct
the continuous profiles while re-
ducing the dimensions of the orig-
inal data (17).

Apparatus

Many researchers have docu-
mented trunk positions using
electrogoniometers (27-31). How-
ever, many of these studies were
unable to document trunk posi-
tion in three-dimensional space
and none have focused upon the
evaluation of dynamic trunk mo-
tion characteristics. The trunk’s
three-dimensional dynamic trunk
motion characteristics were mon-
itored in this study with a tri-axial
electrogoniometer. This device
was developed in our laboratory
and is referred to as the lumbar
motion monitor (LMM). This de-
vice has been used previously to

' document trunk motions used by

workers in industry (32). The
LMM is essentially an exoskeleton
of the spine that has been in-
strumented with a series of poten-
tiometers to document the three-
dimensional position in space of
the thoraco-lumbar spine. The
LMM is attached via a harness
system to the thorax and the pe]-
vis with a pre-molded semi-rigid
plastic material (Orthoplast). Thig
provides two stable "anchors”, ¢
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the mid-spine (thorax) and at the
pelvis. Thus, the LMM measures
the difference in trunk position of
primarily the lumbar spine (as a
unit) relative to the pelvis. The
LMM is shown on a subject in Fig-
ure 2,

Fig. 2. Subject wearing LMM during
experimental testing.

The LMM signals were sampled at
60 Hz via an analog-to-digital con-
verter and a portable 386-based
microcomputer. After the data
were collected, the signals were
processed in the laboratory to de-
termine position, velocity, and ac-
celeration of the trunk as a func-
tion of time in the sagittal, frontal
(lateral), and transverse (axial
twisting) planes of the body. Volt-
age readings from the potentiome-
ters are converted into angular
position in the cardinal planes us-
ing a regression (calibration) mod-
el (R? = 0.978 sagittal, 0.976 later-
al, 0.983 twisting). The angular
velocity and acceleration were ob-

tained through numerical differ-
entiation. Filtering (to eliminate
noise) was also performed prior to
differentiation of the signal. Our
validation study (33) indicated
that the LMM’s ability to measure
trunk position velocity and accel-
eration in three-dimensional
space is more consistent than vid-
eo-based systems. The transverse
plane position signal from each
back monitor was controlled with
a comparator circuit. The compar-
ator circuit was used as a feed-
back mechanism to the subject so
they could control the transverse
plane motion and, thus, control
the asymmetric experimental
conditions.

Measurement reliability

In order to assess the repeatability
and reliability of the LMM testing
protocol an initial study was per-
formed. 20 normal subjects per-
formed the experimental protocol
on 5 separate testing occasions
with a 1-week period separating
each testing session. The trunk
motion characteristics in the sag-
ittal and frontal planes were com-
pared over the 5 testing periods.
There were no statistically signifi-
cant differences among the trunk
motion characteristics between
the 5 testing sessions (MANOVA,
p > 0.05). Sagittal plane trunk mo-
tion characteristic intraclass cor-
relation coefficients (ICCs) among
the males averaged 0.82 and
ranged from 0.81 to 0.83. The
ICCs for females subjects aver-
aged 0.64 and ranged from 0.58 to
0.73 for the various trunk motion
characteristics in the primary
(sagittal) plane of motion. These
results indicates that the vast ma-
jority of trunk motions were a
function of the experimental pro-
tocol and not due to normal varia-
tions of the subjects from day to
day. The ICCs were less accept-
able for the parameters in the ac-
cessory planes of motion.

Procedure

Subjects were permitted to be-
come familiar with the visual dis-

play representing the transverse
plane trunk position. The subject
was instructed to twist so their
transverse plane position dot
moved within the target zone.
Subjects were given 6 instruc-
tions. These consisted of: 1) cross
their arms in front of their chest,
2) stand with their feet shoulder
width apart, and keep them in the
same location for all conditions,
3) flex and extend their trunks re-
peatedly in the sagittal plane as
fast as they can comfortably while
keeping the transverse plane posi-
tion dot between the target zone
dots, 4) watch the dots at all times
during testing, 5) if their trans-
verse plane position fell outside
the target zone a tone would
sound and the trial would be re-
peated, and 6) move continuously
until instructed to "relax". Data
were collected up to 14 seconds
for each experimental run.

Data analysis‘

Custom software developed in the
Biodynamics Laboratory convert-
ed the electrical signal from each
back monitor into trunk position,
velocity and acceleration. The
software program graphically dis-
plays trunk positions in each
plane of the body separately and
permits one to analyze each mo-
tion component independently
throughout the exertion. The first
entire motion (flexion and exten-
sion) during each trial was consid-
ered a warm-up motion and was
discarded for analysis purposes.
The following 4 flexions were ana-
lyzed and averaged. Then the 4
matching extensions were ana-
lyzed and averaged. This process
was completed for each plane of
the body. The analysis program
computed the trunk motion char-
acteristic variables discussed ear-
lier.

The feature extraction from the
continuous movement patterns
required the following data pro-
cessing. The middle 3 cycle of
movements were interpolated and
averaged into 128 data points,
thus the data were normalized
with respect to cycle time and al-
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lowed between individual
comparison. Data matrices
consisted of the 170 col-
umns (number of patients) =

Table 4. Mean (SD) of sagittal trunk motion characteristics as a_function of the
asymmetric condition for all classification categories. The right and left 15-de-
gree and 30-degree conditions are combined.

and 128 rows (number of da-
ta points for each patient’s
continuous profile; i.e. posi-
tion, velocity and accelera-
tion}. The eigenvalue and
eigenvectors of the correla-
tion matrix of the patient da-
ta matrices were computed
by singular value decompo-
sition (SVD) algorithm using
MATLAB (Math Works Inc.,
Natick, MA 01760, USA).
The eigenvectors represent
the principal patterns (bas-
es) and the eigenvalues re-
flect the amount of explained
variability of the original da-
ta matrix. Using the original
data matrices and the eigen-
vectors, the weighting coeffi-
cient matrices were comput-
ed. Inspection of eigenvalues
indicated that the first 5
eigenvectors explained more
than 97% of variability of the
original data. The first 10
weighting coefficients were
used to reconstruct the orig-
inal movement profiles. Us-
ing the eigenvectors extract-
ed from the patients’ data
matrices, the weighting coef-
ficients for normal subjects
were also computed. Thus,
both normal and patients co-
efficients having the same
bases allowed the representa-
tion of the continuous pat-
terns of motion with a signifi-
cant reduction in the
dimension of the original data
(from 128 data points to 10

SAGITTAL PLANE
ROM FLEX VEL EXT VEL FLEX ACC EXT ACC
(degrees) (deg/sec) (deg/sec) (deg/sec**2) | (deg/sec**2)
Normal
Zero [100%] 36 (15) 92 (49) 96 (48) 404 (245) 414 (254)
Fifteen [100%] 22(1bH 50 (32) 51 (32) 202 (162) 208 (165)
Thirty [86%] 17 (9) 42 (27) 41 (26) 180 (143) 175 (141)
uebec 1
Zero [100%] 37 (15) 60 (38) 61 (36) 208 (167) 208 (141)
Fifteen [91%] 20 (9) 31 (18) 332D 108 (76) 126 (103)
Thirty [18%)} 22 (4) 40 (11) 45 (14) 167 (89) 177 (97)
Quebec 2
Zero [100%)] 29 (16) 42 (25) 47 (29) 139 (92) 149 (97)
Fifteen [68%)] 20 (8) 23 (15) 25 (16) 68 (5b 72 (49)
Thirty [12%] 13 (9) 21 (16) 24 (16) 75 (57 81 (65)
Quebec 3
Zero [100%] 30 (13) 34 21 33(19) 106 (71) 100 (65)
Fifteen [65%] 21 (1D 19.(9) 20 (10) 55 (35) 58 (39)
Thirty [6%] 7(0.9) 16 (0.5) 18 (0.3) 82 (12) 94 (4)
Spondyilolisthesis
Zero {100%] 40 (12) 39 (38) 70 (34) 281 (232) 292 (203)
Fifteen [94%] 25 (1) 34 (17 3517 124 (89) 138 (97)
Thirty {53%] 16 (11 27 (16) 25 (14) 107 (65) 105 (75)
Herniated Disc Pain > 3
Zero {100%] 30 (1D 40 (30) 45 (32) 135 (131) 138 (109)
Fifteen [60%] 20 (16) 27 (24) 28 (26) 96 (81) 99 (81)
Thirty [13%] 15 (13) 32 (23) 3229 129 (71 137 (86)
Herniated Disc Pain <=3
Zero [100%] 29 (1) 52 (30) 55 (30) 189 (116) 185 (1123
Fifieen [77%) 22 (7) 35(17) 34(17) - 135(95) 131(96)
Thirty [45%] 17 (8) 24 (14) 25 (14) 88 (73) 95 (67)
Stenosis
Zero [100%)] 27 (1) 33(19) 35(19) 111(92) 116 (127)
Fifteen {31%] 14 (6) 15(7) 17 (9) 42 22) 51(27)
Thirty [0%) *ax T ok *Ex x
Quebec 9.2
Zero [100%)] 27 (13) 28 (20) 30 (15) 82 (50) 90 (54)
Fifteen [22%] 10 (5) 8 (2) 10 (3) 28 (11) 29 (11)
Thirty [9%] 6 (6) 4(2) 4(3) 14 (8) 17(9)
Non-organic
Zero {100%] 28 (14) 31 (19) 32(22) 85 (549 99 (79)
Fifteen [29%} 21(9) 24 (18) 26 (18) 65 (50) 87 (71)
Thirty [0%] *hk kxk kK Aok *rx
Quebec 11
Zero [100%)] 3307 68 (41) 66 (40) 269 (183) 257 (187)
Fifteen [78%] 24 (16) 34 (21) 33 (18) 114 (68) 99 (64)
Thirty {61%] 15 (7) 21 (15) 21 (14) 79 (71) 90 (78)

[ ] percentage of subjects performing at that asymmetric condition
*** No subjects were able to complete these conditions

coefficients). A more detailed de-
scription of the method is provid-
ed in Parnianpouret al. (17).

The trunk motion characteristics
of both the normative and LBD
groups were characterized
through descriptive statistics.
Next, each of the trunk motion
variables measured by the LMM
were normalized with respect to
the gender and age values from
the normal data base. In order to
facilitate subject classification,
several models were created utiliz-

ing various combinations of the
dependent measures. The models
were tested via quadratic dis-
criminant function analyses. In
order to account for the different
group sample sizes, this method
uses individual within-category
covariance matrices in calculat-
ing distances for discriminating
the 11 different categories. The
trunk motion based models were
used to determine how well the
various categories of LBD patients
and normal subjects could be

classified. Both the sensitivity and
specificity were computed to as-
sess the performance of the dis-
criminant function.

Results

Trunk motion characteristics

The sagittal plane trunk motion
characteristics of the 339 normal
subjects in response to the vari-
ous experimental conditions are
shown at the top of Table 4. Note
that in this table the right and left




asymmetries were combined at
each asymmetric conditions since
no statistically significant differ-
ences were found between the
right and left sides. This table
presents summary statistics of
the unimpaired subjects to per-
form the experimental conditions
in terms of trunk position, veloci-
ty, and acceleration characteris-
tics. In general, this normal group
exhibited the greatest position,
velocity, and acceleration charac-
teristics under the sagittally sym-
metric (0) condition. As the testing
condition became more asymimet-
ric, the magnitude of the trunk
motion characteristics decreased
monotonically.

The descriptive characteristics
that portray the sagittal plane
trunk motion characteristics of
the various LBD categories are
also shown in Table 4. This table
indicates that compared to the
normative group, the ability to
perform the various asymmetric
conditions as well as the magni-
tude of the performance measures
were significantly reduced in the
LBD group. All subjects were able
to perform the O test condition. All
subjects within the normal group
were also able to perform the 15-
degree asymmetry condition,
whereas, in none of the LBD clas-
sifications were all the subjects
able to perform the 15-degree
asymmetric condition. This trend
was also true for the 30-degree
asymmetric conditions, however,
only 86% of the normal group and
far fewer LBD patients were able
to successfully complete these
conditions. Significant decreases
in the magnitude of the motion
characteristic were also observed
as the test condition became more
asymmetric. The greatest differ-
ences between the normal and
LBD categories relate to measures
of the higher order derivatives of
motion (i.e., velocity and accelera-
tion). For example, the mean sag-
ittal plane ROM between the nor-
mal and LBD groups under the O
asymmetry condition differs by
only 5 degrees. However, when the
peak extension velocity and accel-
eration measures were compared

Table 5. Statistical summary showing effect of LBD, sex, and age on mo-
tion variables. Each individual plane was evaluated via ANOVA.

DIREC-
TION

MOTION VAR.
PLANE

TYPE!

SEX AGE TYPE | TYPE SEX
by by by
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ALL VAR'S A%
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E2 4 XX k% =

RANGE
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xX Kk XX
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® X *

EXTEN. VELOCITY %
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FLEX. ACC. Rk
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[l I N BT o W 7]

EXTEN. ACC. *x

(dgg/secz)
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RIGHT VELOCITY xn

(deg/sec)

LEFT VELOCITY Ll

(deg/sec)

X

RIGHT ACC. L

(deg/sec?)

xR

CrPRImMmAdR»C

LEFT ACC. Ll

(d@_isecz)

"X

RANGE ¢ *
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Ccw VELOCITY AR

(deg/sec)

XX

CcCw VELOCITY A%

(deg/sec)

L3 ]

CwW ACC. xn

(deg{sec2)

E3 ] *

cCw ACC. A%

(deg(secz)

Mmwuom<cnZP» A

xx x

** Significant effect (p < 0.001)
* Significant effect (p < 0.01)

mean differences of 49 degrees/s
and 251 degrees/s?, respectively,
were found.

Characterization of LBDs

The subject’s motion characteris-
tics in the 3 planes of the body
were tested for statistically signif-
icant differences as a function of
LBD (normal vs. LBD), age, and
gender. Several significant trends
can be derived from the statistical
summary in Table 5. First, many
of the motion characteristics can
distinguish between normal and
LBD subjects. In both the sagittal
and lateral planes of the body it
was found that the range of mo-
tion was not significantly different
between the normal and LBD
group. (There was a significant
difference in range of motion in
the transverse plane of the body,
but this range of motion was con-
trolled by the experimental condi-

! Normal subjects vs. LBD patients
Controlled range of motion

tions.) However, the velocity and
acceleration characteristics dif-
fered significantly between the 2
groups. Second, the table also in-
dicates that gender and age both
influenced the motion character-
istics of the subjects with age de-
creasing the magnitude of the
measures. Few statistically signif-
icant interactions between any of
these variables were observed.
These findings suggest that one
need only adjust the measured
motion characteristics of a sub-
ject for the influences of the age
and gender in order to quantify
performance relative to the nor-
mative group. This normalization
of the motion characteristics were
performed to allow for the deter-
mination of their differences as a
function of the LBD status (nor-
mal vs. LBD). The mean values
(and the associated standard de-
viations) necessary to normalize
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Table 6. Mean (SD) trunk motion characteristics of the normal subjects shown as a function of gender and age.
Any motion characteristics of LBD patients can be normalized by dividing the measured value by the age and
gender matched mean value reported in this table.

AGE
PLANE | DIRECTION | MOTION VAR, MALE FEMALE
20's 30 40's 50's 60's 30's 40's 50's 60's
RANGE 3871 41.47 4275 42.76 37.60 38.64 31.41 2928 26.47 23.88
s (degree) (1441 | q3s5n | 435 | (16.58) (15.54) (17.04) (12.82) | o6 (7.72) (9.46)
A FLEXION VELOCITY 104.12 113.88 107.53 101.75 80.25 100.02 82.34 72.45 61.62 4791
G (d¥g/sec) (5198) | @986) | 715 | (49.38) @ssy | 631 | 617 | es7y | a9se) | assn
I EXTENSION | VELOCITY 106.54 120.94 114,84 105.16 21.99 104.50 90.95 78.31 67.79 49.64
T (deg/sec) «@809) | (s3.82) | @aon | (46.26) @2388) | 5343 | 39.96) | 2935 | (@214 | (1838)
T FLEXION ACC. 475.49 54190 473.56 425.40 299.02 435.59 354.86 335.70 257.09 19471
A (deg/sec?) (250.44) | (287385) | (24838) | (222.40) | (181.32) | (270.85) | (175.65) | (14480) | (117.98) | (12.27)
L EXTENSION ACC. 490.93 552.06 49327 417.55 322.76 44510 373.01 318.66 291.78 188.36
(deg/sec?) (269.25) | (302.13) | (248.04) | (20649) | (264.20) | (248.90) | (187.90) | c163.54) | (146.52) | (90.72)
RANGE 372 425 3.14 374 2.69 2.95 322 2.69 2.87 267
(degree) (3.22) (3.70) (2.55) Q.77 (1.59) (2.05) (3.56) (1.46) (1.61) (1.86)
L RIGHT VELOCITY 13.27 14.18 10.86 12.48 9.50 10.58 12.65 10.65 9.95 762
A (deg/sec) (9.32) (12.08) (8.49) (8.33) (8.47) (6.04) (13.83) (8.02) (5.93) (3.85)
T LEFT VELOCITY 1329 1549 10.72 12.73 9.44 12.72 1153 10.96 983 .20
E (deg/sec) (1061) | (13.66) (7.95) (8.02) (8.22) (12.37) (11.58) (7.07) (4.83) (.57
R RIGHT ACC. 79.57 68.57 56.18 63.94 54.92 89.78 67.29 5751 50.39 4524
A (deg/sec?) @873 | @86 | 3587 | (48.83) (5515 | 5814 | 1235 | 6s08) | acr100 | 22.42)
L LEFT ACC. 31.76 7233 52.03 59,61 49.03 96.51 60.32 60.38 52.26 4631
(deg/sec?) (54.89) | (4355 | (32360 | (39.99) | (40.13) (7403) | 875 | 720 | @598 | (28.48)
T RANGE 1.79 1.50 1.73 1.96 1.81 1.45 1.51 141 1.80
R (degree) (0.80) 0.72) (0.94) (0.86) (0.83) (0.71) (0.66) (0.56) (0.70) (0.73)
A CW VELOCITY 7.87 6.90 6.37 7.03 6.08 6.74 6.04 583 538 6.06
N (deg/sec) (3.82) (3.85) (2.96) (3.37) (2.66) (2.41) 2.79) (1.94) (3.27) (3.05)
s CCW VELOCITY 771 6.91 6.71 6.63 6.06 6.66 6.03 594 5.02 6.01
v (deg/sec) (5.44) (3.56) (3.28) (3.64) (3.19) (2.53) (3.33) (2.38) (2.82) (4.36)
E cw ACC. 57.44 47.66 36.26 36.44 31.85 60.74 51.85 33.06 2584 3712
R (deg/sec?) (35200 | @son | gs3s) | qeosy | 445 | @172 | @13 | 415 | arsd) | @sem
] CCW ACC. 61.36 46.55 38.03 3338 36.74 59.62 38.78 34.00 24.34 35.78
E (deg/sec?) @840) | 690 | 2078 | (1655 (22.27) «1.95) | oo | @a3an | o34 | @991

the zero asymmetry condition for
age and gender are shown in Ta-
ble 6 for the 3 planes of the body.
Furthermore, this normalization
process permits one to quantita-
tively describe the extent of a LBD
by characterizing the patient's
trunk motion characteristics rela-
tive to the expected trunk motion
characteristics of the normal
group. Thus, LBDs can be de-
scribed in terms of the percent of
the normative group’s motion
characteristics and is shown in
Table 7. For example, patients in
the stenosis classification had
81% of the range of motion of the
normal group in the zero condi-
tion once matched for age and
gender relative to the normal
group. Whereas the extension ve-
locity and acceleration were 48%
and 38% of the normal groups’ age
and gender adjusted values, re-
spectively.

Classification

The normalized trunk motion
characteristics were used as a ba-
sis to classify the 510 subjects
that participated in this experi-

ment into the various normal and
LBD groups. Several models em-
ploying combinations of trunk
motion features as well as contin-
uous motion indices were tested
to determine which combination
of motion indices best distin-
guished between LBD groupings.
A model was constructed utilizing
the summed values of each of the
four motion characteristics (abili-
ty, position, velocity, and acceler-
ation) over all 5 experimental con-
ditions. Specifically, an 8 variable
model consisting of: 1) ability (the
number of asymmetric conditions
the subject was able to complete,
2) sagittal extension velocity,
3) twisting range, 4) sagittal
range, 5) right lateral velocity,
6) first coefficient of sagittal posi-
tion, 7) first coefficient of sagittal
velocity, and 8) fourth coefficient
of sagittal acceleration were used
in a discriminant function model
to classify the data. When identi-
fying normalvs. LBD subjectsasa
group the model correctly classi-
fied 93.5% of normal subjects and
80% of LBD patients. When the
model was used to classify the
subjects into the specific LBD

group the model correctly classi-
fied the subjects over 80% of the
time (error rate = 0.196). The re-
sults of this classification model
are shown in Table 8. The success
rate of the classification varied
from 16% to 100%. Table 9 indi-
cates the specificity and sensitivi-
ty statistics for the model. This ta-
ble indicates that the model
specificity is particularly good
with an average specificity value
of over 97%. The sensitivity of the
model is perfect for the Non-or-
ganic and Quebec Category 9.2
groups.

Discussion

Reliability of trunk motion
measures

This study has shown that trunk
motion characteristics, indepen-
dent of trunk strength, serve as a
sensitive and repeatable measure
of trunk musculoskeletal status.
Our previous study has estab-
lished the accuracy of the LMM as
a measurement tool. The current
study has documented the repro-
ducibility of the motion character-
istics derived from the LMM on
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Table 9. Specificity and sensitivity of quadratic discriminant Junction

analysis results.

Category Specificity (%) | Sensitivity (%)
Normals 88 94
Quebec 1 98 - 25
Quebec 2 97 47
uebec 3 98 65
Spondylolisthesis . 98 44
Herniated Disc Pain > 3 99 16
Herniated Disc Pain <=3 99 42
Stensosis 96 77
Quebec 9.2 99 100
Non-organic 98 100
Quebec 11 99 55

different testing occasions. As ex-
pected, higher reliability mea-
sures were found for the motion
characteristics in the sagittal
plane. Based upon MANOVA re-
sults, no statistically significant
differences were detected over the
5 different testing sessions. The
motion characteristics associated
with the accessory plane were less
organized and less reproducible
(18, 19,34). This is most likely due
to the inexperience associated
with precise lateral trunk control.
The subjects that participated in
the LMM reliability test were nor-
mal. Future work should consider
the reliability and repeatability of
trunk motions produced by the
LBD patients. However, since
LBDs are often transient in nature
it would be more difficult to sepa-
rate motion characteristic repeat-
ability compared to a change in
the status of the LBD patient. We
believe, therefore, that the assess-
ment of motion characteristics
provides a measure of the trunk’s
musculoskeletal status that is
feasible to use with a LBD patient
and does not contain the inherent
risk associated with traditional
trunk strength based measures.

Quantification of LBD

The quantification of trunk mo-
tion can facilitate the consistency
of disability ratings. Clark et al.
(35) have shown that disability
ratings among medical examiners

can vary by as much as 70%. The
2 major impairment evaluation
systems are those developed by
the American Medical Association
(AMA) (36, 37) and the American
Academy of Orthopaedic Sur-
geons (AAOS) (38). They are used
by 60% and 30% of clinicians in
the United States, respectively,
and are based primarily on patho-
logical and radiological diagnoses
(39, 40). These schemes are highly
problematic with respect to the
nonspecific LBDs. Strength and
motion analyses are considered
as "upcoming tools” in the evalua-
tion of the lumbar spine (41). The
AMArecently included static ROM
in their system. However, we be-
lieve that it has not resulted in
much improvement. The current
study questions the logic in rely-
ing on ROM as an assessmernt tool
as it did not discriminate well
among the normal and LBD pa-

tients. Large ROM variations
within normal subjects and
among the LBDs -categories .

makes ROM the least sensitive
mobility measure for impairment

.evaluation. The National Institute

for Occupational Safety and
Health (42, 43) has spent consid-
erable resources to identify the re-
liable clinical tools for evaluation
of the spine. The 19 tests that
passed the criteria for reliability
became so dominated by pelvic tilt
and lumbar lordosis measures
that it raises questions regarding

its clinical validity and utility (40).
The present study strongly sug-
gest the inclusion of the dynamic
motion parameters in the disabili-
ty assessment protocol given their
proven validity and high reliabili-
ty.

The quantification of trunk mo-
tions has been suggested as a
means to assess potentially effec-
tive treatment of a LBD. The surgi-
cal treatment for LBDs is indeed
warranted for only a small minor-
ity of patients and does require an
anatomically based diagnosis.
However, the anatomical based
diagnosis of the majority of me-
chanical LBD does not augment
the treatment path of the patients
since very little can be done to re-
verse the degradation of the bone
or the discs themselves. A positive
imaging study showing such de-
generation, does not predict the
presence of pain or its future re-
currence. We can restore the
functional deficit with exercise
programs and aggressive conser-
vative treatments (44-47). In par-
ticular, it has been recognized
that functional restoration of the
mechanical LBP patient is neces-
sary and is far more important in
the management of the condition
than is an anatomically based di-
agnosis. Thus, a quantitative
measure of performance is desir-
able.

We have shown that trunk motion
measures must be adjusted or
normalized for factors that may
affect motion. The significant ef-
fects of age and gender on the per-
formance parameters warranted
the normalization procedure used
here (Tables 5 and 7). It was noted
that a reduction in the motion
characteristics were evident only
in the latter decades of life. Males
were significantly faster and ex-
hibited greater sagittal mobility.
The inclusion of the asymmetric
planes of motion were necessary
to quantify functional motion
characteristics. The asymmetric
conditions increase the stress lev-
el of the test such that the subtle
differences amongst various cate-
gories could be detected. During
purposeful work or leisure time
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activities of daily living complex
motions involving asymmetries
are present and identifying the
limiting or symptom provoking
planes of motion in patients is ex-
tremely important. 2 groups of pa-
tients, Non-organic and Spinal
Stenosis, were unable' to perform
the 30-degree asymmetric condi-
tion. Only 86% of normal subjects
were able to complete this task.

LBD classification

A considerable body of knowledge
has evolved recently that utilizes
different technologies to docu-
ment the importance of dynamic
parameters in differentiating LBD
patients and normal subjects (10,
14, 48, 49, 50). Examination of
the continuous profiles of move-
ment can provide insight as to the
discriminatory capability of dy-
namic measures in differentiating
between LBD groups. The group
mean profiles of the sagittal angu-
lar position, velocity and accelera-
tion are depicted with respect to
normalized cycle time in Figures
3 a, b, and c, respectively. Due to
the large amount of data present-
ed we have not included measures
of variability in these figures. We
have replotted the sagittal angular
velocity and acceleration of the
LBD patients in the 10 categories
in Figure 4, hence making the
separation among the groups
clearer. This graphical represen-
tation is useful in explaining the
results of discriminate analysis.
There are certain distinct features
separating some groups from
each other, while other groups are
indistinguishable from each other
given the within group variability.
To illustrate these points, we will
provide a few examples and leave
a more comprehensive biome-
chanical and clinical discussion
to another communication. The
angular position profiles separate
into the following 5 grouping with
the descending order in their sag-
ittal flexion: Quebec 1 and HNP <
3; Quebec 2, HNP < 3; Stenosis
and Quebec 11; Non-organic and
Quebec 3; and Quebec 9.2 and
Spondylolisthesis. The logic in

o— NORMAL -o- HNP >3 ~=~ HNP <=3
} £ SPONDYLOLISTHESIS -~ QUEBEC 9.2 = QUEBEC 1
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Fig. 3. The mean profiles of the sagittal angular position, velocity, and ac-
celeration for the normal subjects and patients in the 10 LBD categories.

this grouping is clearly evident in
the Stenosis group which exhibit-
ed the least lumbar lordosis and
extension range. This finding cor-

relates well with the clinical and
biomechanical literature that re-
ports extension as a symptom
provoking maneuver that is often
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Fig. 4. The mean profiles of the sagittal angular position, velocity, and ac-
celeration for the patients in the 10 LBD categories.

restricted in this group (51}). An-
other example can be seen in the
restricted sagittal flexion seen in
the spondylolisthesis group. This
limitation has also been reported
in the literature (18,5 1). However,
the large variability within the
normal and LBDs makes this the
least discriminating motion pa-
rameter.

The higher order derivative dy-
namic motion characteristics dis-
criminated much better amongst
the LBD groups. The following
groupings listed in the descending
order of peak angular velocity is
evident: HNP < 3, Quebec 1 and
Quebec 11; Quebec 2 and HNP >
3; Spondylolisthesis and Quebec
3; Stenosis; Non-organic and
Quebec 9.2. A similar grouping

emerges for sagittal angular accel-
eration. The quadratic discrimi-
nant function is the result of a
multivariate analysis that consid-
ers the within group variances of
all the 8 dependent parameters in
the model. Hence, it is more rigor-
ous than our visual univariate in-
spection of these plots. Neverthe-
less, the clinical insight and the
visual feedback that these figures
could provide cannot be overesti-
mated. Figure 3 includes the nor-
mal motion profiles to the ones of
the patient groups to provide a rel-
ative guide for goal setting in the
rehabilitation phase, emphasiz-
ing the extent of functional deficit
of each LBD category along each of
the dimensions of performance.

We believe that the motion param-
eter changes associated with a
LBD are related to biomechanical
factors. It is crucial from a biome-
chanical stand point to determine
the mechanisms of load transmis-
sion through the passive and ac-
tive components of the spine. Fi-
nite element models as well as
experimentally based models
have made significant contribu-
tions towards the understanding
of the load sharing of the passive
tissues during the various activi-
ties of the trunk (51-54). Based on
these rationales one can hypothe-
size that certain movements will
load specific structures of the
spine and this situation may re-
sult in injury (either by a single
high load; or more likely by repeti-
tive loading at much smaller mag-
nitudes). The same framework
has been used to predict the mo-
tion patterns that would avoid the
pain of an injured or strained tis-
sue, (i.e., the avoidance of rotation
to the side that further pushes out
the bulging of the disc).

We anticipated that various low
back conditions would exhibit
specific patterns of motion. The
motion characteristic changes ob-
served as a function of the LBD
classification may reflect in-
creased trunk guarding, an at-
tempt to minimize impulse load-
ing due to acceleration, or an
altered control strategy which
minimizes pain sensation. Partic-
ular pain patterns occur with par-
ticular musculoskeletal condi-
tions throughout the body. We
speculated that similar lumbar
pain patterns, generally correlat-
ed with a similar set of painful
lumbar structures, would show

- similar variations in motion due to

similar losses of structural integ-
rity, barriers to motion, motor
weakness, or direction and rates
of motion that are painful. Like-
wise, patients with strong psycho-
logical factors contributing to
their pain expression might be ex-
pected to show much different
motion patterns, with specific or-
ganic range of motion, velocity
and acceleration patterns being
probably difficult to learn, either
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at a conscious or subconscious
level. The existence of the second-
ary gains or psychological over-
lay’s have shown to influence the
physical performance (8, 46, 55,
56, 57).

The overall results of the discrimi-
nation function analysis are en-
couraging and present a marked
improvement over the previously
available techniques. The model
was constructed so that both mo-
tion characteristics as well as con-
tinuous motion parameters could
capture the unique characteris-
tics of the subject’'s movementasa
function of the various asymme-
tries. When the model was used to
identify normal vs. LBD subjects,
as a group, it correctly classified
93.5% of normal subjects and
80% of LBD patients. When the
model was used to classify the
subjects into the specific LBD
groups the model correctly classi-
fied the subjects over 80% of the
time (Table 8). The model sensitiv-
ity for each category ranged from
16 to 100%, while the specificity
varied from 88% to 99% (Table 9).
The results of the discriminant
function analysis are more opti-
mistic because the same database
was used to develop the model
Additional research is required to
replicate the study and further
validate the model.

The comparison of the results of
this study with other studies in
the literature is difficult due to dif-
ferences in the patient categories.
The most comprehensive model
by Waddell et al. (40) that includ-
ed total flexion, total extension,
average lateral flexion, average
straight leg raising (SLR), spinal
tenderness, bilateral active SLR,
and situp correctly classified 78%
of the chronic LBP patients (n =
120) and asymptomatic normal (n
= 70) subjects. The specificity and
sensitivity of this model was 86%
and 76%, respectively. The origi-
nal 23 parameter candidates were
reduced to the aforementioned 7
after a comprehensive analysis.
However, no dynamic motion pa-
rameters were considered in the
original list of candidate parame-
ters. Our model does markedly

better despite the large variability
among our patient groups. This
should encourage others to in-
clude dynamic motion character-
istics in their clinical research and
practice.

The discriminant function cor-
rectly identify 16% of painful her-
niated lumbar disks (HNP > 3).
Even when painful, 10% demon-
strated motion characteristics
which classify as normal, however
a majority demonstrated motion
characterized as herniated lum-
bar disk (16%), spinal stenosis
(40%), or proximal (16%) and dis-
tal (10%)} radiation pain syn-
dromes. This seems to demon-
strate a marked heterogeneity of
abnormal motion in herniated
disk patients, with pain inhibition
potentially occurring from various
factors common to other lumbar
conditions. The results of this
study could also be interpreted
that based on motion parameters,
the behavioral performance of
these groups are overlapping. In-
spection of Figure 4, indicates the
overlap in the motion characteris-
tics of these groups.

Patients with LBP pain without ra-
diation also frequently exhibited
motion patterns similar to some
other categories, particularly nor-
mal patients (37%), and those
with proximal radicular pain
(18%). Localized spinal pain pa-
tients also appeared similar to
herniated disk patients in some
cases, but were never classified as
spinal stenosis, post-operative
pain or non-organic patients.
Spinal stenosis patients exhibited
very identifiable motion patterns.
77% could be correctly classified
on the basis of the motion analy-
sis. Some were classified as pain-
ful herniated disks and radicular
pain syndromes, and 2 appeared
with non-organic motion pat-
terns.

Patients with continued post-op-
erative pain (Quebec 9.2) were
also readily identified by this anal-
ysis. In no case was either diagno-
sis misclassified as some other
particular structural lesion. The
Non-organic patient group had
scored 3 or higher in the Waddel

symptom magnification test. They
represented only 17% of our pa-
tient population and were classi-
fied correctly 100% of the time by
the model. Other patients occa-
sionally classified as non-organic
may represent failure of the mod-
el, or truly represent the predomi-
nant prevailing condition. There
remains some subjectivity in the
scoring of Waddell's signs, and
patients evaluated after referral
with a known structural diagno-
sis, may have been judged differ-
ently than those without such a
diagnosis. Repeat evaluations
with assessment of non-organic
signs in a blinded fashion, or more
uniform evaluation by MMPI, may
decrease this incidence of mis-
classification. We are confident
that the motion characteristics of
the other patient classes are rep-
resentative of the pathology since
we isolated the symptom magnifi-
ers into a distinct class.

Even though the ability of this
procedure to correctly classify a
LBD patient is less than perfect
one must judge the classification
potential of this technique relative
to other tools used to classify pa-
tients. Chance would dictate that
in this study 9% of the subjects
should be correctly classified.
Currently medical technology al-
lows us to determine a pathoana-
tomic diagnosis in only 12% to
15% of individuals (58). Our least
successful classification (HNP > 3)
was in line with these traditional
pathoanatomically based success
rates. However, overall, our suc-
cess rate was much better. On av-
erage, we were able to correctly
classify subjects in over 80% of
the cases. The functional motion
assessment used in this study
correctly categorizes almost all
normal subjects. Therefore, the
classification rates observed in
this study can be considered a sig-
nificant increase from previous
methods such as anatomic classi-
fication where structural evidence
of herniated disc is found in as
many as 27% of healthy individu-
als (59).

Our classification success rate is
also a function of the quality of our
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clinical data and the ability of cur-
rent clinical techniques to correct-
ly classify LBD patients. In other
words, the motion measures may
be more accurate a predictor than
the techniques used to clinically
classify subjects in this study. The
motion characteristics used in
this study are not to replace the
existing methods of patient evalu-
ation, taking good history and us-
ing other valid and reliable clinical
tests, but to add to their discrimi-
nating power. It is hoped that
these evaluation tools will be used
to better reinvent the diagnostic
categories, as the present catego-
ries reveal the considerable over-
lap amongst them based on mo-
tion characteristics.

Limitations

The presented evidence ‘support-
ing the efficacy of trunk motions
as a quantitative measure of dis-
ability is still in its infancy and re-
quires more experimental re-
search such as that presented
here to evolve. One major compli-
cation, is the tremendous com-
plexity of the spine. The large
number of degrees of freedoms in
the passive spine in addition to
numerous muscles that span
each motion segment allow the
central nervous system numer-
ous possible motions. Thus, both
the kinematic and kinetic redun-
dancies of the spine may limit the
ability to correctly specify the in-
sulted tissue via motion analysis.
However, it can accurately quanti-
fy the functional trunk perfor-
mance and functional deficit as
compared to the normative data-
base provided here (Table 5).

Several limitations must also be
considered when evaluating the
usefulness of this study. For ex-
ample, it is unclear how well this
motion based classification would
work with patients from a typical
practice that have not been pres-
creened for psychological factors.
In addition, it is not known how
well this motion based classifica-
tion system would work with
acute LBD patients. During the
acute phase of LBP the symptom

generation and the state of stress
and strain in the anatomical tis-
sues are much better related than
in its chronic phase when illness
behavior could become an issue.
We would expect that it may work
even better than with the chronic
LBD patients used in this study
because acute injury motion pat-
terns would show less symptom
magnification and less general-
ized trunk muscle decondition-
ing. We would hypothesize that
this situation would increase the
likelihood that the motion charac-
teristics would be related to spe-
cific pain locations in the trunk.
Recent imaging investigations
(60-63) suggest that specific pat-
terns of movement among the mo-
tion segments in the cervical and
lumbar spine of the patients are
present. However, at present
there are no non-invasive tech-
niques that would permit inter-
segmental motion to be analyzed
triaxially during the dynamic
complex (asymmetrical) condi-
tions tested here. Therefore, al-
though our motion variables are
more global, reflecting mostly the
lumbar motion, the correct classi-
fication over 80% suggests that it
may also reflect partially the spe-
cific patterns distinguishing be-
tween LBDs. In addition, similar
dynamic motion parameters were
able to predict the risk associated
with industrial jobs (32). We are
presently merging these 2 data-
bases to address the utilization of
the ergonomics studies (quantifi-
cation of the task demands) and
clinical functional capacity evalu-
ation.

Trunk motion and recovery

It is suggested that functional
quantification of the patients is
crucial to optimization of conser-
vative treatment. Such quantifi-
cation can sharpen the clinicians
understanding of the functional
deficits and help identify the ap-
propriate dimensions of perfor-
mance that need the greatest at-
tention (i.e. a patient that is
unable to perform the testina 15-
degree asymmetric condition, or
has adequate range of motion but

has only 50% of normative exten-
sion velocity). The functional defi-
cits are time dependent and
should be updated over the course
of the rehabilitation. It must be re-
alized that the strength and mo-
tion parameters are psychophysi-
cal measures and as such
represent the patient’s behavior in
terms of what the patient is able to
perform given the associated pain
and/or disuse. The outcome of
these performances will depend
on pain-inhibition, fear-avoid-
ance (40), psychological distress
(64), and illness behavior (40, 65)
in addition to physical or sensory
disorder. Thus, dynamic motion
characteristics may prove to be
sensitive outcome measuresin re-
covery of patients in a multidisci-
plinary rehabilitation program
(46).

The present study has also col-
lected preliminary observations
on some LBD patients longitudi-
nally through the course of the
LBD so that we could explore the
prognosis value of the dynamic
parameters of motion. Figure 5
depicts the recovery trends of 13
LBD patients during 3 visits to
their physician. The performance
parameters of normalized sagittal
ROM, extension velocity and ac-
celerations are shown. 38% of pa-
tients had ROM within the normal
range (above the threshold de-
fined as the mean + 1 SD) in the
initial visit, while only 15% and
7% of patients had their velocity
and acceleration within the nor-
mal range, respectively. We ob-
served that patient recovery
{whether due to surgery and/or
conservative therapy) can be as-
sessed by the improvement in the
performance parameters during
the second and third visit. For ex-
ample, by the third visit 85% of the
patients ROM had returned to the
normal range, whereas, 77% and
69% of the velocity and accelera-
tion measures, respectively, were
within normal range by the third
office visit. Thus, we observed that
the rate of improvement can be
characterized more via a return to
a normal range of the dynamic pa-
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Fig. 5. Shows the improvement of 13 individuals and the mean (heavy
dot and line) as a function of visits to the physician for A) the normalized
sum of ROM, B) the normalized sum of velocity, and C) the normalized

sum of acceleration.

rameters compared to ROM. The
functional restoration may be a
function of reduction in the inhib-
itory afferent and/or efferent sig-
nals that influence the control
strategies of trunk movements. In
addition, it can be argued that the
dynamic parameters areé more

sensitive in portraying the chang-
es in the functional state of LBD
patients.

Conclusions

In the presence of limited resourc-
es, clinicians and policy makers

must increase the quality of the
health care delivery while main-
taining the cost since the present
rapid growth in health care cost
can not be sustained. In the past
decade the need for quantification
of trunk performance was realized
and the technological innovations
introduced many novel instru-
ments (8, 32, 66). The needs of the
present decade will include quan-
tification of the rehabilitation pro-
cesses. Mooney (67) presented a
historical account of the dose-re-
sponse relationship of the thera-
peutic exercise in realization of
the appeal for the "credibility”. If
health care costs are to be cur-
tailed, clinicians must have sensi-
tive and reliable tools so that they
could scientifically and critically
evaluate the activities of the
multidisciplinary rehabilitation
team and their patients. We envi-
sion that the task of LBD manage-
ment will consist of several stages
consisting of objectively measur-
ing the present state of the trunk
performance, making a diagnosis,
quantifying the functional defi-
cits, planning a definite goal (tar-
get), selecting the optimal proven
effective treatment (conservative
or surgical); prescribing a quanti-
fiable dose of therapeutic exer-
cise, and providing the biofeed-
back for positive reinforcement of
progress and functional restora-
tion with an operant conditioning
behavioral approach (55, 68). The
present study contributes toward
the first 3 stages of the rehabilita-
tion process, and future clinical
studies should address their full
integration.

The need for objective evaluation
of trunk muscle performance has
been universally accepted, since
the current diagnostic technology
cannot relate the experience of
LBP to the impairment of specific
spinal structures. However, reli-
able and quantifiable trunk per-
formance measures has been a
subject of intense research. The
functional-based impairment
evaluation schemes have tradi-
tionally used spinal mobility. Giv-
en the poor reliability of ROM, its
large variability among individu-
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als, and the static psychometric
nature of ROM, the use of dynam-
ic motion characteristics of mo-
tion with the higher order deriva-
tives has been presented for

documentation of the degree of a -

LBD. In addition, based upon
these motion characteristics we
were able to correctly ¢lassify over
80% of our 510 subjects into 1 of
11 classifications (normal plus 10
LBD groups). These motion relat-
ed parameters may relate biome-
chanical sensitivities spinal load-
ing. These results indicate that
trunk motion characteristics hold
great promise for the quantitative
documentation and classification
of LBDs. These motion parame-
ters also hold promise for the
quantification of recovery.
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the particular study.

Massage contra anxiety

The effects of back massage on anxiety levels
of elderly residents in a long-term care insti-
tution were measured. 21 residents, 17 fe-
males and 4 males, participated in the study.
Subjects were randomly assigned to 3
groups which received back massage with
normal conversation, conversation only and
no intervention respectively. The dependent
variable, anxiety, was measured prior to
back massage, immediately following, and
10 min later, on 4 consecutive evenings. The
Spielberger Self-Evaluation Questionnaire
{(STAI), electromyographic recordings, sys-
tolic blood pressure, diastolicblood pressure
(DBP) and heart rate were used as measures
of anxiety. Analysis of varfance was used to
examine differences in group mean scores
over the pre-test to post-test, post-test to de-
layed time interval, and pre-test to delayed
time intervals, Scheffe comparisons being
made where indicated. With the exception of
mean DBP which showed no change from
pre-test to post-test and HR which increased
from post-test to delayed time interval, there
was a statistically insignificant decrease in
mean scores on all variables in the back
massage group from pre-test to post-test
and from post-test to delayed time interval,
there was a statistically insignificant de-
crease in mean scores on all variables in the
back massage group from pre-test to post-
test and from post-test to delayed time inter-
val. There was a statistically significant dif-
ference in the mean anxiety (STAI) score
between the back massage group and the no
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intervention group. The difference between
the back massage group and the conversa-
tion only group approached statistical sig-
nificance. Verbal reports from subjects indi-
cated that they perceived back massage as
relaxing. Back massage may be an effective,
non-invasive technique for promoting relax-
ation and improving communication with
patients.

FraserJ, Ross KerrJ: Psychophysiological ef-
fects of back massage on elderly institution-
alized patients. J Adv Nurs 1993:18:238-
245,

Comment: Classical muscle massages
firmly belong to the physical therapeutic
repertoire in Europe but have little impor-
tance, for instance, in the US. One of the rea-
sons for this discrepancy is the lack of hard
data showing clinical benefit. Very few con-
trolled clinical trials do exist that demon-
strate that massages help in a given condi-
tion. Surprisingly perhaps it is the
psychological aspect that has been studied
most thoroughly in terms of controlled trials.
The present study is but one of several such
studies confirming the clinical impression
that anxiety can be effectively reduced by
massage therapy. The question arises
whether this is a true massage effect or the
"therapeutic touch”. Results like this
should, in my mind, stimulate all of us who
prescribe massages for musculoskeletal
problems to conduct similarly rigorous trials
to prove that what we do is scientifically
sound.
E. Ernst, Exeter




