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Low Back Pain Assessment, Prevention, and Rehabilitation 	

John C. Rowlingson, M.D., and Douglas E. Degood, Ph.D.
Rehabilitation Research and Training Center, University of Virginia Medical Center, Charlottesville, VA 22908
Sponsor: National Institute of Handicapped Research

Purpose—The goal of our program has been to
improve the adequacy of present techniques of
physical and psychosocial assessment of low
back pain patients, especially in regard to the
contribution of adequate assessment to rapid
rehabilitation following injury, and the preven-
tion of chronicity.

Progress—During the past year several projects
have resulted in published and submitted
papers on: 1) the development of a standardized
physical examination rating scale for the quan-
tification of somatic amplification; 2) prelimi-
nary reliability and validity testing of the So-
matic Amplification Rating Scale (SARS) ; 3) the
development of a unique paper-and-pencil

measure for assessment of a patient's attitudes
and beliefs regarding chronic pain management
after viewing a standardized informational vid-
eotape; 4) the prevalence of cognitive deficits in
chronic pain patients with and without docu-
mented head/neck injuries; 5) the concurrent
validity of patient pain drawings as an assess-
ment tool ; and 6) the utility of the Symptom
Checklist-90-R as a psychological assessment in-
strument with low back pain patients.

Other ongoing projects include exploration
of the psychophysiological correlates of im-
provement in low back pain patients, as well as
attempting to further our use of functional as-
sessment of physical abilities and limitations,
especially in regard to worksite requirements.

Biomechanics : Effects of Low Back Pain Treatment Modalities
on Lumbar Facet Loading

Avinash G. Patwardhan, Ph.D. ; Mark Lorenz, M .D . ; James B . Boscardin, M .D .; Gary W . Knight, M.S.
Veterans Administration Medical Center, Hines, IL 60141
Sponsor: VA Rehabilitation Research and Development Service

Purpose—A majority of those who comprise the
working population in the United States will
suffer from low back pain and sciatica at some
time in their lives. Many times, these symp-
toms are secondary to derangements of the
lumbar intervertebral disc . A common accom-
paniment to disc disease is facet arthropathy.

Treatment options for lumbar disc disease
include discectomy and chymopapain injection,
which alter the load-bearing behavior of the
disc. Clinical and experimental evidence indi-
cates that an alteration in the mechanical be-
havior of the disc produces loss of alignment,
abdominal movement, and loading of the facet
joints. The resulting changes may lead to pro-

gressive degeneration of the facets, develop-
ment of osteoarthritis, and back pain.

The objective of this study is to obtain data
describing alterations in loadbearing character-
istics of facet joints of lumbar spine segments
following simulated treatment modalities for
lumbar disc disease . During this study we will
test cadaver spine specimens as a function of
treatment modalities and physiological load
types for various lordotic configurations of the
lumbosacral spine . We will also measure facet
joint loads using a pressure-sensitive film in-
serted between the articulating facet surfaces
at L3-4, L4-5, and L5-Sl segments before and
after discectomy or chymopapain injection at
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L4-5 disc . With data, we will have a rational

	

existing pathology in facet joints . The data will
basis for designing clinical trials for physicians

	

also help to establish guidelines for prescribing
to use in choosing between two effective treat-

	

post-treatment activities in such patients.
ments, especially in cases of patients with pre-

Myoelectrical Assessment of Human Lumbar Muscle Function .
Vert Mooney, M.D . ; George V. Kondraske, Ph .D . ; Tom G. Mayer, M.D . ; Timothy W. Carmichael, M.S .;S. Deivanayagam, Ph .D.
University of Texas Health Science Center at Dallas, Dallas, TX 75235 and University of Texas at Arlington,
Arlington, TX 76019
Sponsor: VA Rehabilitation Research and Development Service and Division of Orthopaedics, University of Texas Health
Sciences Center at Dallas

Purpose—The purpose of this project is to de-
velop and investigate objective quantitative
measures of lumbar muscle function for pa-
tients with low back pain, and to provide re-
search results and measurement techniques to
enable easy use of these techniques in the
clinic. Equipment and techniques have been de-
veloped in this laboratory for measurement and
analysis of the frequency power spectra of
myoelectric signals obtained during exercise.

Progress—Myoelectric data from the erector
spinae muscles of a group of 40 normal subjects
performing isometric extension exercises on a
back-testing device have been collected to form
a normal database. Thirty-six patients with low
back injuries have been tested repeatedly
during rehabilitation therapy using similar pro-
tocols . In addition, a single subject series of ex-
periments have been performed to evaluate
sources of variability in EMG spectral analysis
fatigue rate measures. Finally, another set of
normal data has been collected for trunk rota-
tion exercises.

Several myoelectric frequency slope meas-
ures were shown to correlate with the isometric
exercise load level . Significant improvement of
the correlation between the fatigue measures
and the load level has been obtained by ex-
pressing the load as a percent of body weight,
as opposed to percent MVC, and by using the
mean actual force output over the trial (as op-
posed to target force) to compute the percent
body weight measure.

Preliminary Results—Using the preliminary

normal database, a strong correlation was ob-
served between fatigue rate and load levels,
when appropriately expressed . This curve, rep-
resenting the first step toward defining normal
erector spinal fatigue rates in isometric exten-
sion exercise, was used to compare the meas-
ured fatigue rates of a preliminary group of low
back pain patients with expected normal values
for the measured load level during exercise.
These patients work at far lower load levels
(approximately 20-30 percent body weight for 50
percent MVC) than normal patients, and exhib-
it somewhat higher than expected fatigue rates
at these levels.

Experiments to explore the effects of per-
turbing isolated potential sources of variability
of fatigue rate measure, while controlling
others, were performed on a single healthy
normal subject to eliminate intersubject varia-
bility. Variation in rest time between exercise
trials and trial duration time were shown to
significantly affect measured fatigue rates . Re-
sults indicate that all factors must be carefully
controlled in group or single-subject applica-
tions in order to obtain meaningful results . In
particular, trial duration can affect values for
linear slope measures of spectral shift.

Myoelectric spectral analysis studies of
normal subjects, performing isometric and iso-
kinetic right and left torso rotation exercises on
a prototype rotation unit, were carried out to
determine which muscle groups participate in
trunk rotation and to what extent . Published
results based on EMG measures show that ab-
dominal obliques were more consistent in pro-
viding torsional moment to the spine than were
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the erector spinae.

	

to be collected and compared. Work also contin-
ues to refine basic measures of fatigue rate de-

Future Plans—Work is advancing in the devel- rived from frequency slope measures and load
opment of a dedicated clinical instrument for level in the complex musculature of the back to
performing power spectral analysis of myoelec- obtain an accurate absolute measure of fatigue
trio signals, and in the assembly of a solid

	

characteristics.
normal database for low back pain patient data

Surgery for Severe Spinal Deformity and Back Pain 	

J .H. Evans, Ph .D., and J.P . O'Brien, M.D., Ph.D.
University of Strathclyde, Bioengineering Unit, Glasgow G3 ONW, Scotland
Sponsor: None listed

Purpose—As part of a program which seeks to
apply biomechanical analysis and new technol-
ogies to spinal surgery, two new techniques are
being explored: simultaneous combined anterior
and posterior fusion (SCAPF) and a modifica-
tion to the Luque procedure.

SCAPF is advocated for severe, unremit-
ting low back pain either as a primary or sal-
vage procedure, particularly in cases with
nerve root involvement. Based on biomechani-
cal and anatomical studies, the procedure pro-
vides significant opening of narrowed lateral fo-
ramina, early weightbearing, and rapid fusion
via internal fixation.

Progress—An interbody graft, of antologous or
mixed antologous and bank bone, is inserted
via the retroperitoneal, anterior route . This is

followed immediately by posterior distraction
with Knodt or Harrington rods that anchor, bi-
laterally, onto the appropriate laminar superi-
orly and inferiorly onto the alar or a transverse
pin located by the ilia . A conventional posterio-
lateral graft completes the procedure.

The Luque procedure, which employs prefa-
shioned rods, has been modified by the utiliza-
tion of self-locking nylon straps in place of the
conventional malleable metal wires . As a
result, the operating time can be halved, seg-
mental loading is both uniform and predeter-
mined, and the incidence of neurological com-
plications is reduced . No breakages have been
encountered during surgery or subsequent to
surgery. Radio-opaque straps appear promising
and have been manufactured on a limited basis.

Personality Characteristics and Their Effect on Post-Surgical Adjustment

Neil Kahanovitz, M.D., and Sherri Weiser, M.A.
Hospital for Joint Diseases, Orthopaedic Institute, New York, NY 10003
Sponsor: Hospital for Joint Diseases, Orthopaedic Institute

characteristics and post-

Progress—Subjects in this study were 15 post-
surgical low back patients (6 males and 9 fe-
males) ranging in age from 27 to 66 (mean age
42.5). All subjects had the same surgeon . Six
months postoperative subjects were given ques-
tionnaires to assess his or her personality (har-
diness scale), self-assessment of condition (se-

Purpose—The role of personality characteris- between personality
tics and psychological factors in relation to the surgical adjustment.
low back pain syndrome has been of interest
for many years . It is becoming increasingly evi-
dent that personality characteristics are predic-
tive of a patient's adjustment and may have
more of an influence than traditional variables
such as duration of illness, disability status,
and socioeconomic factors. The purpose of this
pilot study was to investigate the relationship
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mantic differential scale), coping (Lazarus'
Ways of Coping Checklist), and adjustment.

The hardiness factor is a composite of three
personality characteristics : commitment, con-
trol, and challenge. Persons scoring high on
hardiness are committed to life rather than
feeling alienated; believe they are in control of
life events; and regard change to be a challenge
rather than a threat. The semantic differential
scale measures the patient's assessment of his
or her condition by asking the patient to rate
his or her feelings about the injury on a 7-point
scale choosing between two polar adjectives.
The Lazarus' Ways of Coping Checklist has the
patient choose between problem-focused strate-
gies and emotion-focused strategies . Adjustment
was measured in four ways: subjective pain
rating; downtime; activity impairment; and
general psychological well-being (Bradburn
Well-Being Scale) . Demographic data were col-
lected on all patients.

Preliminary Results—Results showed the ex-
pected relationship between certain demograph-
ic variables and adjustment measures . Income

was negatively related to pain rating and activ-
ity impairment was negatively correlated with
time since onset and income . Hardiness was
found to correlate negatively with activity im-
pairment and positively with psychological
well-being. Coping style had no effect on any
measure of adjustment.

In all four areas of adjustment there was a
consistent trend. Subjects high in hardiness
with positive assessments showed the best post-
operative adjustment, while those low in hardi-
ness with negative assessment had the poorest
adjustment.

The results of this pilot study indicate that
personality measures of hardiness and self-as-
sessment may be predictive of post-surgical ad-
justment. These tests have the advantage of
being easy to administer and they take a short
time to answer. This test battery may be an ad-
ditional tool to aid in the rehabilitation of the
low back pain problem patient about to under-
go surgery. The preliminary results of this pilot
project provide a model with which to conduct
ongoing research.

Chronic Pain Mechanisms and Manifestations : Psychological Treatment
for Chronic Back Pain

Judith Turner
Department of Anesthesiology, School of Medicine, University of Washington, Seattle, WA, 98195
Sponsor : National Institutes of Health

Purpose—Chronic pain is a major source of
human suffering and a major economic problem
in American society . Because the problem has
long gone unrecognized, there has been little
research on which to base improvements in
pain patient management.

We propose to carry out seven interrelated
research projects involving varying disciplines
that will shed light on the mechanisms of pain,
the development of pain chronicity, the clinical
manifestations of chronic pain, and the treat-
ment of chronic pain . These consist of two stud-
ies to be done on the Clinical Pain Service, an
additional study of chronic pain patients, and

four laboratory investigations . Two of the labo-
ratory studies will employ animal physiology,
the third is an animal pharmacology project,
and the fourth will investigate chronic pain pa-
tients in a human subjects laboratory.

In order to accomplish this we will estab-
lish a multidisciplinary network of scientific
interchange, collaboration, and resource shar-
ing that is intended to enhance and expedite
the work done under each of the individual
projects. Interchange among project leaders will
be both formal and informal, and will include
monthly project seminars and semiannual con-
sultation visits by outside scientists .
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ND: YAG Laser Effect on Spinal Discs and Nerves

Warren C . Boop, M.D.
Veterans Administration Medical Center, Little Rock, AR 72205
Sponsor : VA Rehabilitation Research and Development Service

Progress—The initial phase of the project was
designed to determine the effectiveness of the
ND:YAG laser in vaporizing intervertebral
discs. This resulted in a disappointing amount
of charring and heat buildup in the adjacent
tissues, with documented pathologic changes
noted.

An adaptation of the system utilizes a fi-
beroptic system with a synthetic sapphire tip to
allow direct contact with the disc material . This
adaptation allows much lower power utiliza-

tion, less heat production, and much less heat
buildup in tissue. This system has been used in
acute experiments with dogs and pigs.

The third phase of the experiment is begin-
ning in which chronic animals will be studied.
The fiberoptic contact point is introduced per-
cutaneously under fluoroscopic control to va-
porize the intervertebral disc . Follow-up studies
will determine whether or not this system may
be utilized for percutaneous vaporization of
discs in humans.

A Comparative Analysis of Electrical Stimulation and Exercise to Improve Trunk
Strength and Endurance in the Adult Female 	

N. Kahanovitz; M . Nordin; M. Parnianpour; S . Yabut ; N . Greenidge ; K. Viola ; M. Mulvihill
Hospital for Joint Diseases Orthopaedic Institute and Mount Sinai School of Medicine, New York, NY 10003

Purpose—The nonsurgical treatment of low
back pain remains a controversial area . Advo-
cates of both flexion and/or extension exercise
programs have claimed success in the treat-
ment of low back pain. It is, however, still un-
clear whether any low back pain exercise pro-
gram can effectively improve trunk muscle
strength and endurance . Electrical muscle stim-
ulation is used in the rehabilitation of weak or
injured muscles of the extremities, but its use
in improving trunk muscle strength has not
been reported.

A prospective study was designed to deter-
mine whether a low back exercise program or
electrical stimulation treatments were equally
effective in increasing normal isometric/isokin-
etic strength and endurance of the trunk mus-
cles. It was also designed to determine whether
exercises, or either of two different electrical
stimulation parameters, were more effective in
increasing the various strength parameters.

Progress—Subjects were 114 normal females
between the ages of 18 and 48 (mean of 29
years) with an average weight of 57 kilograms

and an average height of 160 centimeters. None
of the subjects had a recent history of low back
pain and each was examined by an orthopaedic
surgeon prior to participation in the study.
Each subject's strength and endurance was de-
termined by a standard test battery adminis-
tered before and after treatment . The battery
consisted of Cybex isometric and isokinetic
evaluation of flexor and extensor trunk mus-
cles, Natick standing pull tests, and Sorensen's
endurance test. All testing was randomized
except the Sorensen test, which was always per-
formed last . Four randomized study groups
were formed, consisting of two electrical stimu-
lation groups (32 subjects in group 1 and 29
subjects in group 2), an exercise group (31 sub-
jects), and a control group (22 subjects) . Each
group was comparable in terms of average age,
weight, and height.

The exercise and electrical stimulation
groups underwent treatment sessions lasting 30
minutes, 5 days-a-week for 4 weeks . The control
group received neither exercise nor electrical
stimulation treatments. Subjects receiving elec-
trical stimulation treatments were prone with



274

Low Back Pain

two surface electrodes placed at the L2 to L4
levels bilaterally over the erector spinal mus-
cles. A low voltage (45V), low frequency (35 Hz),
muscle stimulator with a biphasic, symmetrical
balanced rectangular pulse was used for group
1. A higher voltage (0-105 V), midrange frequen-
cy (300-500 Hz) muscle stimulator with a spike
wave was used for group 2 . The exercise group
had a 5-minute warmup and cool-down period
of stretching with 20 minutes of strengthening
exercises.

Following the completion of post-treatment,
data were subjected to an analysis of variance,
and a T-test was used to establish significance.
There was no significant improvement in iso-
metric strength or in the Natick pull test in
any of the groups compared to one another or
to the control . A statistically significant (p <
.02) increase was found in isokinetic strength in
both the exercise group and the electrical stim-
ulation group 1, compared to the control group.
Electrical stimulation group 2 showed no signif-
icant increase in isokinetic strength parameters
compared to the control group . There was no
significant advantage, however, in strength im-
provement between the electrical stimulation
and exercise groups. The electrical stimulation
groups showed significant (p < .02 in group 1 ; p
< .05 in group 2) increase in endurance com-
pared to both the exercise and control groups.
This was shown both by an increase in holding
time as well as in total energy expended . Com-
parison of the two electrical stimulation groups
indicated that the low-voltage, low-frequency

stimulation was more effective in improving
isokinetic strength than the higher-voltage,
mid-range, frequency stimulation.

Preliminary Results—The results of this study
indicated that neither exercise nor electrical
stimulation increased all parameters of
strength. Neither electrical stimulation nor ex-
ercise appear to significantly improve isometric
strength in a 4-week program . Stimulation and
exercise are, however, both comparable in in-
creasing isokinetic strength . In addition, electri-
cal stimulation appears to be superior to exer-
cise in improving endurance.

This study showed that electrical stimula-
tion is applicable in the rehabilitation of the
low back pain patient with decreased strength
and endurance. It may be particularly useful in
the patient with acute and subacute low back
syndrome because of the passive nature of the
stimulation as well as the concomitant TENS
effect. However, it should be recognized that
both exercise and electrical stimulation do not
effect every measurable strength parameter in
a similar way. Once recognized, selective train-
ing with electrical stimulation, exercise, or a
combination of both are necessary for optimal
results.

We are presently conducting a study using
as subjects patients who are 4 to 6 weeks post-
one-level disectomy . They are randomly placed
in either a control group, an exercise group, or
an electrical stimulation group .
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