108

BIOFEEDBACK
AND
ELECTROMEDICINE

Reduce the Cycle of Pain-Spasm-Pain
in Low-Back Patients

STEPHEN 1. ZIMMERMAN, RP.T., PhD. and FRED N. LERNER, Ph.D.

This study investigated the relative efficacy of
three treatment conditions/modalities, namely
EMG biofeedback, microcurrent stimulation and
the combined effect of the two, implemented for
the purpose of alleviating and/or inhibiting
chronic pain and associated muscle spasms, the
two major components found within the “Vi-
cious Cycle”. Measures used to assess treatment
outcome included Subjective Units of Disturb-
ance (SUDS), trunk mobility evaluation, daily

pain record cards, microvoltage readings and
pre- and post-treatment MMPI. Objective and
subjective assessment and subsequent relative
statistical analysis of findings demonstrated
rehabilitative benefits in all treatment groups.
The Biofeedback/Electrical Stimulation groups
achieved, overall, greater therapeutic benefits
than either modality used as a sole source of
rehabilitation for the patient in the midst of the
vicious cycle of pain and spasm.

The “vicious cycle of pain-spasm-pain”
is a commonly occurring syndrome that is
functionally inhibitive and relentlessly
painful for patients with low-back involve-
ment. A number of opinions concerning its
etiology and treatment regime have been
offered, some of which contradict and off-
set each other. The main purpose and most
important aspect of this study is to estab-
lish and implement a treatment regime
directed at countering this cycle’s two main
components—muscle spasm and associated
pain.

Within the United States, low-back pain
has been found to be second in frequency
only to the common cold as a cause of
disability in patients younger than 55.
American industry loses 93 million work
days per year because of low-back impair-
ment. Further losses include medical con-
sultations and expenses involved in disa-
bility payments.

The vast majority of low-back-pain pa-
tients have low-back strain/sprain. This
may initially be considered a postural con-
dition since pain from injury to ligaments
and muscles precipitates reflex spasm with-
in the muscles of the low-back region,

which, in turn, causes further pain as the
muscles themselves fatigue and become
sore from constant muscle contraction. Pa-
tients with this type of postural backache
generally complain of diffuse, aching, non-
radiating pain and back stiffness typically
representative of muscle pain involvement.
Within this situation, physical examina-
tion is likely to reveal little other than
muscle spasm and laboratory workup is
generally found to be negative.

These patients receive a variety of treat-
ments inclusive of physical therapy
modalities, psychological and behavior mod-
ification techniques, surgical procedures,
pharmacology, relaxation exercises and
massage, heat, cold and biofeedback train-
ing. The modalities used and treatment
regimens applied are usually determined
by the physician and/or health-care profes-
sional. Unfortunately, the chronic low-back
patient has a tendency to remain particu-
larly resistant to successful treatment. Rea-
sons for treatment failure may be related
to a poor understanding of the physical
and/or psychological components underly-
ing the process of chronic pain, in addition
to the methods of treatment rendered.
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This study examines the effects of
biofeedback, microcurrent electrical stimu-
lation and their additive effects on low-
back-pain patients.

THE “VICIOUS CYCLE”
OF PAIN-SPASM-PAIN

The concept of a “vicious cycle” inter-
relationship of a muscle spasm and pain
component seems to have had its origin
with studies performed by Travell, Rinzler
and Herman.! Their report describes the
effective relief of upper extremity pain by
infiltrating painful trigger points with pro-
caine. From their findings, they hypothe-
sized that if a muscle spasm causes pain,
and pain reflexly causes the production of
muscle spasm, a self-perpetuating, pain-
producing cycle might be created within a
certain physiological environment. Several
later studies supported this mecha-
nism.234,5

Bonica stated that in certain individuals
it is evident that emotional stress via
psychophysiologic mechanisms produce
skeletal muscle spasms, local vasoconstric-
tion, visceral dysfunction, liberation of pain
substances or a combination of these oc-
currences.b Consequently, production of pe-
ripheral noxious stimulation evolves with
reactive pain, reflex responses and affec-
tive reactions, all of which contribute to
the initial state of emotional stress. In
turn, provocation of additional psychophys-
iological impulses are produced, thus
sustaining the vicious cycle of pain-spasm-
pain. Paris found that pain from dysfunc-
tion may prolong a present condition by
causing voluntary muscle splinting.? If this
voluntary splinting continues, there is a
tendency for the development of a more
sustained involuntary splinting to occur
which typically does not abate with rest
and occurs as a consequence of the defi-
ciency of the normal contract/relax cycle
of muscle activity.

The Gate Theory, developed by Melzack
and Wall, provided a neurophysiological
mechanism to explain this system.?
Mannheimer and Lampe discussed this cy-
cle as a form of self protection, by
guarding, whether the inducing trauma is
considered physical and/or psychological.?

Histochemically, the guarding or spasm
produces an environment of increased mus-
cle tension resulting in a deficiency of
blood supply within the affected area, thus
creating an ischemic state. There is an
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increase of metabolites as a by-product of
muscle contraction in the area. Due to the
lack of circulation from tonic contracture
of the muscles, the accumulation and stag-
nation of metabolites compound the situa-
tion. Furthermore, the production and con-
centration of endogenous pain-producing
substances such as bradykinin, histamine
and prostaglandin E produce additional
pain, discomfort and inactivity. This
ischemic condition with retention of me-
tabolites has the additive effect of perpet-
uating the pain-spasm-pain cycle on a his-
tochemical level.

This study concentrated on the low-back-
pain patient. Lamb suggests that the ma-
jority of pain syndromes involving the lum-
bosacral region appear to be the direct re-
sult of mechanical dysfunction of the neu-
romuscular tissue.l Nigl reported that dis-
orders of the low-back musculature may
be in a state of hypercontraction for si-
multaneous reasons, inclusive of psycho-
logical and/or physiological factors.11

BIOFEEDBACK

Birk interprets biofeedback as a means
of utilizing monitoring instrumentation for
the purpose of detecting internal physio-
logical processes within the human body
so that these processes, which are ordinar-
ily unavailable as information, are made
available to the individual and, literally,
fed back to him or her.’2 Upon continued
exposure to this available information, in
addition to ongoing practice relative to ma-
nipulation of the corresponding processes,
there is evidence that one can learn how
to bring under conscious control particular
bodily functions that are not subject to
conscious control, such as striated muscle
tension.

Biofeedback involves the electronic mea-
surement and subsequent amplification of
physiological responses. These responses, in
turn, are instantaneously fed back to the
subject from whom the bioelectrical sig-
nals originated. It has been reported that,
over a period of time, the person involved
in biofeedback training will learn to con-
trol the physiological activity that has been
fed back to him. Theoretically, this occurs
as a result of utilizing internal cues or
references that are correlated to the de-
sired changes in the bioelectrical signal.

Although there are presently a variety
of biofeedback instruments used for the
treatment and rehabilitation of various
conditions and disorders, the majority of
clinical biofeedback techniques involve four
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primary types of bioelectronic measure-
ments: electrothermal (skin temperature),
electrodermal (EDR), electroencephalograph-
ic (EEQG), and electromyographic (EMG).11

In physical medicine and rehabilitation,
EMG biofeedback has been found to be
effective in volitional relaxation of exces-
sive muscle activity and associated pain
reduction, in improvement of mobility and
strength, and in control of atrophied or
paretic muscles or muscle groups.11.13.14,15

Evidence found within the literature sup-
ports the contention that chronic low-back
patients experience pain as well as
exhibiting a hyperactive muscle tension
component.1617 EMG biofeedback applica-
tions have been applied to low-back pa-
tients whose pain was believed to be pres-
ent as a result of elevated muscle tension—
in addition to the patient’s inability to
relax the muscles which were in spasm.
The therapeutic goal is to teach patients,
through physiological feedback, to volun-
tarily control the somatic mechanisms re-
sponsible for the production of and contri-
bution to the involved pain.1® Several stud-
ies have supported the efficacy of this
therapy'lg,m,2l,22

ELECTROMEDICINE

There has been a resurgence and meta-
morphosis of electrotherapeutic mechanisms
and applications relative to the relief of
pain and the enhancement of function.
Upon reviewing the history and back-
ground of electrical stimulation pertaining
to electroanalgesia and rehabilitation, one
can see that the concept of electromedicine
is not new and, although somewhat slug-
gish in development and acceptance, is
gaining acceptance for both diagnostic and
therapeutic purposes.23.24 One of the most
common modern methods of treating chron-
ic pain disorders is with transcutaneous
electrical nerve stimulation (TENS) devices,
first developed by Shealy.25:26 Today more
than 200 different models of TENS devices
are in use, indicating a wide level of ac-
ceptance. Most produce a current in the
milliampere range, and their success has
been explained by the Gate Theory as well
as by production of endorphins.2’” They
have been shown to be safe and can be
used universally, subject to instruction and
to the caution that they may not be used
in cases of persistent pain without medical
advice.

More recently, devices supplying current
in the microampere range have been shown
to have greater effectiveness than the more
traditional TENS milliampere devices.28
These “microstimulators” deliver up to 500
microamps at frequencies as low as 0.5
Hertz. In 1981, a double-blind study with
placebo group was conducted by Lerner and
Kirsch using microampere stimulation on
patients experiencing chronic low-back
pain.2® Results showed that, after a two-
month follow-up, 75.22% pain reduction
was experienced by the real (microstimula-
tion) group and 6.3% reduction was expe-
rienced by the placebo group. Several other
studies have shown a broad range of ap-
plication of microstimulation with even
fewer side effects than traditional TENS
devices as summarized by Bauer.30 Studies
included beneficial effects of microampere
stimulation on head and neck cancer pain,
low back pain, tennis elbow pain, sensori-
neural hearing loss and tinnitus, radiation
therapy side-effects, and neurological
disease.

MATERIALS AND METHODS

This study tested the following hypothe-
ses:

Null Hypothesis: There will be no statisti-
cally significant difference between the group
receiving biofeedback and electrical stimulation,
the group receiving biofeedback alone, and the
group receiving electrical stimulation alone, for
the reduction of muscle spasms and relative
pain experienced by the low-back patient.

Hypothesis #1: Electrical stimulation and
biofeedback will be significantly more effective
than biofeedback treatment alone for the re-
duction of muscle spasm and relative pain ex-
perienced by the low-back patient.

Hypothesis #2: Electrical stimulation and
biofeedback will be significantly more effective
than electrical stimulation treatment alone, for
the reduction of muscle spasm and relative pain
experienced by the low-back patient.

SUBJECTS

All subjects responded to public notices
posted in several medical facilities in the
New Hyde Park, Nassau County area of
New York. They were non-paid volunteers
and were required to have a physician’s
referral with low-back (erector spinae)
spasms and associated pain. Subjects had
to speak English and understand the Eng-
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lish language. They could not be pregnant
or have a history of heart disease, psycho-
sis, diabetes, nor could they have a history
of seizure disorders (epilepsy); nor could
they be drug addicts or alcoholics, or be
taking pain medication and, finally, they
could not be undergoing other rehabilitative
techniques during the time of this study.

Initially, 45 subjects were randomly di-
vided into three treatment groups: a
biofeedback/electrical stimulation group, a
biofeedback group and an electrical stimu-
lation group.

Subjects were introduced to, received and
completed the Subjective Units of Disturb-
ance (SUDS) form. All subjects received a
trunk mobility evaluation. They were then
asked to complete a Pre-Treatment
Questionnaire/History form. All subjects
were informed of the experimental proce-
dures and were asked to read and sign an
informed consent form prior to inclusion
in the study. They were informed about
the potential negative and positive effects
of electrical stimulation and biofeedback,
including the potential additive effects of
these modalities. Subjects were then placed
on the treatment table in a prone position,
biofeedback electrodes were applied to the
erector spinae muscle found to be in spasm
and the biofeedback modality was imple-
mented.

Microvoltage readings were taken after
five minutes of modality application. At
the conclusion of five minutes and docu-
mentation of microvoltage reading, the
biofeedback machine was turned off and
the suhject and electrodes were properly
cleansed and dried. Subjects were intro-
duced to, received and completed the Min-
nesota Multiphasic Personality Inventory
(MMPI). The biofeedback procedure was
then repeated.

Introduction to and discussion of the Dai-
ly Pain Record ensued and sixty-one cards
were given to each subject for home re-
cording. Subjects once again completed the
SUDS form. They were then given subse-
quent appointments following a question
and answer period. One subject in the
biofeedback group and two subjects in the
electrical stimulation group failed to com-
plete the study. Of the 42 subjects com-
pleting this study, 26 (61.9%) were females
and 16 (38.1%) were males. The mean age
of the subjects was 41.1 years, ranging
from 23 to 62 years.
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The Biofeedback/Electrical Stimulation
group consisted of ten females and five
males. The mean age of this group was
35.7 years, ranging from 23 to 62 years.
The Biofeedback group consisted of eight
females and six males. The mean age of
this group was 44.6 years, ranging from
25 to 62 years. The Electrical Stimulation
group consisted of eight females and five
males. The mean age of this group was
43.5 years, ranging from 29 to 60 years.

All subjects had the opportunity for a
question and answer period prior to and
at the conclusion of the study.

INSTRUMENTATION

A. Electrical Stimulator: The source of
electrical stimulation utilized in this study
was the Alpha-Stim 350, manufactured by
Electromedical Products, Inc. of Hawthorne,
California. The Alpha-Stim 350 is a bat-
tery powered microampere stimulator with
variable intensity, frequency and duration
settings. It was designed to be used in
conjunction with disposable, self-adhesive
electrodes.

B. Electromyograph: The electromyo-
graph used in this study was the EMG
P-775, manufactured by the Biofeedback
Instrument Company of New York City. It
has three standard electrode inputs,
allowing sequential monitoring of three
separate areas of the body, and is battery
powered. It utilizes fully shielded silver/
silver-chloride electrodes attached to the
skin with Dermilite II hypo-allergenic pa-
per tape by Johnson & dJohnson. Signa
Creme Electrode Cream from Parker Lab-
oratories, Inc. was used as an electrolyte.

The investigator, Stephen I. Zimmerman,
a licensed, registered physical therapist and
certified biofeedback practitioner with a
Ph.D. in electromedical sciences, carried
out all experimental procedures through-
out all phases of this study.

The erector spinae, also called the
sacrospinalis, was chosen for treatment in
this study at a level between the third
and fifth lumbar vertebrae. Patients were
treated in a prone position on a standard
cushioned treatment table. Pillows were
placed under the patient from the pubic
region to the upper chest region. The pa-
tient's forehead was resting on the treat-
ment table and both arms were placed at
the sides.
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PROCEDURE

Electrical Stimulation/Biofeedback—
Group I: Fifteen subjects received a total
of twenty treatments. This group received
electrical stimulation one time per week
for thirty minutes, and biofeedback treat-
ment one time per week for thirty min-
utes. Treatments were given three days
apart as follows: each subject’s skin was
cleansed with 70% isopropyl alcohol. The
electrodes were applied to the erector
spinae musculature, unilaterally, in a ver-
tical position at levels between the third
and fifth lumbar vertebrae. The intensity
of the electrical stimulation was initially
set at 200 microamperes and was increased
to 500 microamperes. The frequency used
was 0.5 Hertz.

Biofeedback—Group II: Fourteen subjects
received a total of twenty treatments. Sub-
jects received biofeedback treatment two
times per week for thirty minutes each.
Treatments were given three days apart
as follows: each subject’s skin was cleansed
with 70% isopropyl alcohol. Electrodes were
placed on the erector spinae musculature,
unilaterally, in a vertical position, at lev-
els between the third and fifth lumbar ver-
tebrae. The ground electrode was centered
between the other two electrodes. The Me-
ter Scale Selector was initially set at X4
(0 to 20 microvolts). If necessary this was
changed to correspond to muscle fiber ac-
tivity. The volume was regulated so that
it was adequate and comfortable for each
subject.

At this step, subjects were told that their
level of muscle tension/spasm directly cor-
responds to the audio feedback mechanism,
and that a decrease in muscle tension re-
sults in a slowing of the pulse rate burst
(their goal), while an increase in muscle
tension results in an increase in the pulse
rate burst. The predetermined treatment
time was 30 minutes.

Electrical Stimulation—Group III: Thir-
teen subjects received a total of twenty
treatments. Subjects received electrical
stimulation two times per week for thirty
minutes each. Treatments were given three
days apart. Electrical stimulation was
performed in the same manner as the
Group I subjects.

The following measures were taken dur-
ing the fifth, tenth, fifteenth and twenti-
eth sessions: Subjects completed a Subjec-
tive Units of Disturbance form and trunk
mobility. The biofeedback modality was

implemented but no feedback was offered.
After five minutes, microvoltage reading
and subsequent documentation was made.
Thirty minutes of prescribed treatment was
given. The biofeedback modality was
implemented but again, no feedback was
offered. After five minutes, microvoltage
reading and subsequent documentation was
made. Subjects again completed the Sub-
jective Units of Disturbance form.

During the twentieth treatment session,
subjects received and completed the MMPI,
followed by a question and answer session
pertaining to this study.

RESULTS

The equivalence of the three treatment
groups was examined for the background
variables of sex, education levels attained,
occupational level, injury site, socioeconom-
ic class and age of the participant. No
significant differences were found to exist
between the treatment groups relative to
sex distribution.

Subjects were grouped into seven
educational levels based upon the work of
Hollingshead and Redlich.3! No significant
differences were found to exist. Subjects
were also assigned to groups based upon
occupational levels attained using the
Hollingshead and Redlich criteria. No sig-
nificant differences were found to exist.
Injury sites were noted by each patient
concerning left and right pain and spasm,
and left and right buttock or groin pain or
spasm. No assignment to treatment group
effects were noted to exist for any of the
injury sites. No significant differences were
found to exist in assignment to treatment
condition according to pain/spasm distribu-
tion.

The socioeconomic status of each subject
was statistically calculated using their
educational and occupational classification
according to Hollingshead and Redlich. No
significant differences were found to exist
in terms of socioeconomic status distribu-
tion among each treatment condition.

The equivalence of the treatment groups
was also examined for the age of the par-
ticipants, with a result that a significant
difference was found to exist between the
Biofeedback/Electrical Stimulation group
(mean age = 35.7 years) and the Biofeed-
back group (mean age = 44.6 years). This
difference may have an effect on the out-
come of the study and therefore can poten-
tially be considered a limitation of this
investigation.
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The composition of the treatment groups
was also evaluated relative to years of ed-
ucation attained by the participants and
duration of the pain and spasm (“vicious
cycle”) for which treatment was rendered.
No significant differences were found to
exist among the treatment groups in terms
of years of education completed and in
terms of pain duration. Each treatment
group started this study with an essential-
ly equal relevant history of approximately
16.4 months.

TRUNK MOBILITY

The trunk mobility (measured in inches)
for each subject was evaluated five times
within the course of this study: during the
pretreatment interview, 5th, 10th, 15th and
20th (final) treatment sessions. Trunk mo-
bility was interpreted as an indicator of
physical function, relative to pain and
spasm associated with lumbosacral involve-
ment. Statistical findings indicate that the
three treatment groups did not differ in
terms of overall mobility in the aggregate
throughout the course of this investiga-
tion, with means of 2.9 inches (Biofeed-
back/Electrical Stimulation group), 4.0
inches (Biofeedback group), and 3.5 inches
(Electrical Stimulation group) (see Fig. 1
and Table 1).

Ignoring group membership, analysis in-
dicates that each trial significantly im-
proved upon the degree of mobility of the
subjects, over that which was seen from
the prior treatment. All subjects improved
over time. A net result was an increased
trunk mobility to 2.31 inches at the con-
clusion of the program, across all individ-
uals, from an initial rating of 4.40 inches
(see Fig. 2 and Table 2).

Analysis indicates that all treatment
groups did not change in the same man-
ner throughout the course of this study.
Several important outcome results were
found:

1. The Biofeedback/Electrical Stimulation
treatment group had significantly greater

MEAN

TRIAL

trials.

FIGURE 1. Trunk mobility in inches: across

mobility at the conclusion of this investi-
gation than the Biofeedback or Electrical
Stimulation groups.

2. The Biofeedback/Electrical Stimulation
treatment group improved significantly
over their starting position.

3. The Electrical Stimulation group had
greater mobility at the end of the study
than the Biofeedback group had during
sessions one to fifteen, but did not differ
significantly from the Biofeedback group
at the end of the study.

4, The members of the Biofeedback group
performed better at the end of treatment
than they had during the first ten ses-
sions of treatment, but did not differ
significantly from the gains they had
attained by the 15th session of therapy.

PATIENT PAIN CARDS

Subjective measures of perceived pain
were obtained from each subject, on a dai-
ly basis, throughout the course of this
study, until the 20th treatment session. A
total of 20 pain indices, representing the
daily pain cards, was created and, in turn,

TABLE 1. NEWMAN-KEULS ON TRUNK MOBILITY BY TREATMENT TRIAL

# Trial Mean 1 2 3 4 5

1 Twentieth 2.31 0. 58%* 1,25%= Y75y 2.09**
2 Fifteenth 2.89 0. 67%n % iy . 1.51*»
3 Tenth 3.56 0.50%** 0.34"
4 Fifth 4.06 0.34**
5 1Initial 4.40
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FIGURE 2. Trunk mobility in inches: treatment groups

across trials.

was utilized as a measurement of experi-
enced pain by each subject throughout this
investigation.

A clear downward trend across the study
by all three treatment groups was noted,
with the Biofeedback/Electrical Stimulation
group exhibiting a comparatively greater
decline in perceived pain than the Biofeed-
back group. At the conclusion of the study
it was evident that a greater reduction in
perceived pain was noted by the Biofeed-
back/Electrical Stimulation and Electrical
Stimulation groups than that exhibited by
the Biofeedback group. The Biofeedback/
Electrical Stimulation group exhibited

greater reductions in perceived pain than
the Electrical Stimulation group, although
parallel gains were made past midpoint of
the investigation (see Fig. 3 and Table 3).

Concerning the variability in response
to treatment, subjects receiving Biofeed-
back/Electrical Stimulation treatment
tended to improve on a regular basis with
less variability of response, whereas sub-
jects in the Biofeedback group improved
on a more gradual basis with more consis-
tency in variation of responses, and sub-
jects among the Electrical Stimulation
group demonstrated a greater degree of
variation of response as the study pro-
gressed.

Relative to trials by treatment interac-
tion, none of the three treatment groups
differed significantly from each other dur-
ing the course of the first nine treatment
sessions, but did diverge significantly af-
ter this point. During the 14th session the
Biofeedback/Electrical Stimulation group
(means = 2.07) reported significantly less
pain than either the Biofeedback group
(means = 3.06) or Electrical Stimulation
(means = 2.48), with the Electrical Stim-
ulation group reporting significantly less
pain than the Biofeedback group. This pat-
tern of responses resumed and continued
through to the conclusion of this study,
with the Biofeedback/Electrical Stimulation
group giving significantly lower pain re-
ports than either the Electrical Stimula-
tion or Biofeedback groups; and the Elec-
trical Stimulation and Biofeedback groups
also exhibiting significant differences (Fig.
3 and Table 3).

TABLE 2. NEWMAN-KEULS ON TRUNK MOBILITY FOR SIGNIFICANT TREATMENT X TRIALS EFFECT

GROUP &

! TRIAL  wean 1 2 3 4 5 6 7 9 10 1 12 13 14 15

1 BFES-5 1.42 0.73%* 1,10°% 1,54°% | 61°% ] 66%% 2,03°% 2,21°% 2,24%% 2,54%% 2. 67%% 2.82%* 3,05°* 3.17%* 3,26%*
2 BFES-4 2.15 0.38%* 0.82** 0.B8B%* 0,93** 1 _31%* | 48%% 1 51% | B2** 1,04%% 2.09°* 2,32%% 2.44%% 2 53°°
3 ES-5 2.523 0.44 0.50 0.55 0.93** 1. 11%= |, 14%% | 4d4** | 56%* 1 71%* | Q5%+ 2 06%* 2 16"*
4 ES5-4 2.961 0.06 0.12 0.49 0.67 0,70 1.00°% 1.13°* 1,27°* 1,51*% | 62°* 1.72**
5  BFES-3 3.03 0.05 0.43 0.60 0.63 0.94°% 1.06%% 1,21%% 1,44% 1 ,56"% 1 .69
6 BF-5 3,08 0.38 0.55 0.58 0,B8 1.01** 1,16%% 1,39%* 1 _51*= 1 60**
1T OES3 3453 0.18 0,21 0,51 0.63 0,78 1,02 1_13%* 1.23**
8 BF-4 3.63 0.03 0.33 0.46 0.61 0.Ba%* 0,96** 1,05**
9  BFES-2 3.66 0.30 6.33 0.58 0,81 0.92** 1,02**
10 €S-2 3,94 0,13 0.27 0.5 0.62 0.72
11 BFES-1 4,09 0.'5 0.38 0.50 0.59
12 BF-3 4.24 0.23 0.35 0.44
13 ES-1 4,47 0.12 0.2
14 BF-2 4,59 0.09
15 BF-l 4.68 *Apc.0l
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SUBJECTIVE UNITS OF
DISTURBANCE (SUDS)

All subjects within this study were
requested to indicate the extent to which
their physical symptoms resulted in psy-
chological distress, and to estimate the de-
gree of dysfunction along a continuum
ranging from “0” (no disturbance) to
“100” (extreme disturbance). This mea-
sure, referred to as Subjective Units of
Disturbance (SUDS), was estimated by
each subject during the initial and latter
portion of their initial (pretreatment) in-
terview, fifth, tenth, fifteenth and twenti-
eth treatment sessions.

Examination of the means concerning
the subject population in this study indi-
cates that all groups had a tendency of
reducing their pain levels throughout the
course of treatment, with the Biofeedback/
Electrical Stimulation group demonstrat-
ing the greatest reductions in SUDS levels
from an initial interview average of 89
points to the final treatment rating of 8.3
SUDS units. Over time, the Biofeedback/
Electrical Stimulation group became more
homogeneous in responses, whereas the
Biofeedback and Electrical Stimulation
groups became more heterogeneous in their
responses to treatment (see Fig. 4 and Ta-
ble 4).

Progress was seen for all treatments
across the duration of this study. Analysis
of the means for each session demonstrat-
ed that the sample of individuals reported
improvements in their SUDS ratings for
each trial over their previous ratings.

e

HEAN

0 2 _4 6 _8 10 12 14 16 _18
T3 5 7 9 1 13 15 17 19

SESSION

FIGURE 3. Pain ratings across experiment by treatment
condition.

Significant group by session effects were
demonstrated, although no significant dif-
ferences existed between the treatment
group at the onset of treatment, or at the
fifth treatment session. Differences gener-
ally began to emerge at the 10th treat-
ment session, such that at the conclusion
of the study, the Biofeedback/Electrical
Stimulation group expressed significantly
less SUDS levels than either method used
alone, and the Electrical Stimulation group
reported significantly less SUDS levels
than the Biofeedback group.

TABLE 3. MEANS AND STANDARD DEVIATIONS FOR DAILY PAIN CARD
RATINGS BY TREATMENT CONDITION ACROSS STUDY PERIOD
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The Biofeedback/Electrical Stimulation
and Electrical Stimulation groups demon-
strated significant reductions in perceived
stress, evidenced across each trial. The
Biofeedback group evidenced incremental
changes such that significant improvements
were noted between the initial intake and
fifth session, but only between every other
observation point following the fifth treat-
ment session.

Relative to within-session changes, dif-
ferences for the initial and final SUDS
levels recorded by each subject were also
noted to indicate that the subjects seen
reported less disturbances following thera-
py than when first entering each session.
The aggregate SUDS level for all groups
was 58.6 for the initial report, compared
to a final estimate of 54.5 points.

Significant within-session by groups ef-
fects for the aggregate across sessions in-
dicate that average initial reports were
significantly greater than final reports of
disturbance for the Biofeedback/Electrical
Stimulation and Electrical Stimulation con-
ditions. The Biofeedback group also dem-
onstrated improvements although incre-
ments of improvement were relatively
slower.

The findings of significant trials by
within-trials effects indicate that the
within-session effects were not constant
during each treatment period. Further
analysis demonstrates that all subjects (re-
gardless of group membership) left the ini-
tial interview with significantly greater
distress than upon entrance into this study.
During the course of treatment, subjects
generally exhibited significant within-trial
reductions in perceived distress, which was
subsequently reduced to a significantly
greater extent by the next measurement
trial.

MICROVOLTAGE READINGS

Muscle spasm/tension, represented by
microvoltage, was measured for each sub-
ject during the initial and latter portions
of the pretreatment interview and the 5th,
10th, 15th and 20th treatment sessions.
There were no significant microvoltage dif-
ferences found between the three treatment
groups when collapsed across the times
they were seen. No significant differences
were found between the three treatment
groups across this investigation.

It was generally found that all subjects
improved from one trial to the following
trial, with significant reductions in
microvoltage readings evident. The latter

TABLE 4. MEANS AND STANDARD DEVIATIONS FOR DAILY PAIN CARD
RATINGS BY TREATMENT CONDITION FOR REPEATED
MEASURES ANOVA ANALYSIS

B.F. & E.S. B.F. E.S. Overall
Session Mean S.D. Mean 5.D Mean S.D Mean 5.D.
Initial 4.4 0.6 4.1 6.7 4.3 0.4 4.3 0.6
4th 35T 0.5 < 1 0.7 4.0 0.5 3.9 0.6
9th 3.1 0.7 3.4 0.6 3.2 0.6 3.2 0.6
14th 5 5 § 0.8 3t 1% ¢ 0.6 2.5 0.8 2.5 n.g
19th 0.5 0.4 2.6 0.7 1.2 1.0 1.4 ) B |
Overall 2.8 3.4 3.0 3.1
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microvoltage readings for all subjects, for
trials 5 through 20, were found to be
significantly lower than the initial read-
ings, although there was a reversal of this
occurrence evidenced in the pretreatment
interview session. Here, the latter micro-
voltage readings were found to actually be
greater than the initial values. This find-
ing was similar to the findings within the
SUDS evaluations and may also be due to
the increase in physical and/or psychologi-
cal stress concerning the intensity and
newness of the pretreatment interview at-
mosphere and/or the increased attention,
sensitivity and awareness associated with
the subject’s involvement in the “vicious
cycle” of pain and spasm (see Fig. 5 and
Table 5).

Initial and final readings were found to
significantly decrease across the span of
the investigation, from each trial to the
next. All groups were found to respond to
treatment in a similar manner throughout
the course of this study.

PERSONALITY ADJUSTMENT—MMPI

One of the most striking findings of the
study was the decrease across treatment
conditions in the degree of psychological
distress experienced by the participants.
Clinically significant decrements in
impairment were found to exist on 13 of
the 17 MMPI subscales which were exam-
ined (Lie, Faking Bad, Sophisticated Liar,
Hypochondriasis, Depression, Hysteria, Psy-
chopathic Deviate, Paranoid, Psychasthe-
nia, Schizophrenia, Caudality, Low-Back
Pain and Somatic Complaints). The find-
ings denote a shift from individuals who
present themselves, in the aggregate, as
displaying clinically significant effects
which connote persons who are overly sen-
sitive towards others, with an increased
emphasis upon their own symptomatology
and decreased expectancy that others will
be supportive and empathetic, while at the
same time use physical complaints to fo-
cus attention upon themselves so as to ma-
nipulate others, towards more open and

MEAN

—fif——
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——

FINAL
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treatment trial.

FIGURE 5. Initial and final microvoltage readings across

accepting individuals who experience less
stressful and more adaptive patterns of
functioning (see Figs. 6-12).

In terms of relative efficacy, the dual
treatment condition experienced the
greatest changes in adaptive functioning,
experiencing significantly greater growth
and stability than either single modality.
Individuals receiving both treatments
reported less depressive ideation, less con-
cern with somatic complaint and bodily
functions, greater trust in others and
awareness of the impact of their behaviors
upon the reactions of others, increased tol-
erance of ambiguity, increased attentive-
ness to their surroundings and effective
behavior rather than ruminative obsessions
and less focusing upon their back condi-
tions. Although the electrical stimulation
and biofeedback groups improved to a cer-
tain degree within each of these areas, the
substantial differences which were observed
indicate that maximal psychological bene-
fit is to be expected from the combination
of these approaches.

It is of interest to note that the changes
noted in the MMPI profiles of the groups

TABLE 5. NEWMAN-KEULS ON SUDS RATINGS ACROSS TREATMENT

SESSIONS
# Session Mean 1 2 3 4 5
1 Twentieth 24.10 15.60*%** 331.60** 48.70** 64.20%*
2 Fiiteenth 39.70 18.00** 33.10** 4B.60%*
3 Tenth 57.70 15.10** 30.60%*
4 Fifth 72.80 15.50"»
5 Initial 88.30
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FIGURE 6. MMP!I hypochondriasis scores for treatment X
trials interaction.
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FIGURE 7. MMPI depression scores for treatment X trials

interaction.
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did not appear to be due to absolute dif-
ferences in the degree of muscle tension
reported. Hence, the adaptive functioning
of the clients on a cognitive basis far out-
stripped actual physiological changes. Giv-
en these findings, one must question the
extent to which the addition of a cognitive
restructuring component to either the
electrostimulation or biofeedback would en-
hance their effectiveness in terms of per-
ceived pain reduction.32

DISCUSSION

This investigation has been designed to
provide information regarding the relative

efficacy of three treatment modalities di-
rected at the inhibition and/or alleviation
of the “vicious cycle” of pain and spasm
commonly experienced by the low-back pa-
tient. Upon reviewing the literature, there
seems to be a limited amount of investiga-
tion considering the additive effects of two
modalities such as Biofeedback and Elec-
trical Stimulation for the modulation and
inhibition of the vicious cycle of pain and
spasm. Reports have been found wanting
in both conceptual and methodological ap-
plications concerning this subject. Studies
and investigations concerning the use of
“dual” or additive treatments for a “mul-
tifaceted” condition have been found want-
ing in quality and quantity.

The results of this investigation suggest
that, in the majority of the findings, the
effects of each treatment modality were
cumulative, or additive to the other mode
of treatment, and more effective than each
procedure used alone, with the exception
of microvoltage reduction. Electromyograph-
ic biofeedback and electrical stimulation,
each with their unique mechanisms, yet
similar benefits, produced reductions in
pain and muscular spasms and improve-
ment in volitional mobility but, when used
in an additive manner, the gains made
were found to be predominantly more sig-
nificant and increasingly beneficial.

The use of a single modality usually can-
not adequately rehabilitate a patient found
in the midst of the vicious cycle of pain
and spasm. Even in the acute stages, treat-
ment consisting of a unimodal procedure,
regardless of the mode, frequently does not
prevent chronicity. Specific modulation has
been found to be beneficial in the allevia-
tion or inhibition of pain and relative ef-
fects (i.e., muscle spasm) for intervals of
time, but usually makes limited attempts
at dealing with correction of the original
etiology or fails to stress continuous, ongo-
ing rehabilitation.

Biofeedback has exhibited an effective
means of aborting or preventing the onset
of pain and/or muscle spasm. Patients
reporting pain and muscle contraction are
given an increased “passive” awareness
via biofeedback mechanisms without which
there seems to be more of a potential for
increased muscle tension, increased pain
potential and immobilization. The use of
biofeedback as a vehicle for teaching “tar-
get” muscle relaxation (i.e., erector spinae
muscle group treated in this study) has
been found to be an excellent means of
pain relief.

MEDICAL ELECTRONICS



A primary benefit of microcurrent appli-
cation is demonstrated in this modality’s
ability to reduce symptomatic pain. Sec-
ondary benefits, such as producing a seda-
tive effect and increases in tissue temper-
ature are often reported. Although microcur-
rent stimulation has been found to be an
excellent method of pain relief, it is
suggested that we implement this mode of
treatment as an adjunctive mechanism
within the total rehabilitative process. It
should also be noted that various benefits
from therapeutic processes tend to be en-
hanced by the added effects of microcurrent
stimulation.

It is suggested that enhanced pain/spasm
reduction can be obtained by using
microcurrent stimulation and/or biofeed-
back as an extension of the clinical facili-
ty, if used within the home and work
place. This allows for a more sustained
and continuous mode of rehabilitation,
bridging the gap from clinical treatment
to clinical treatment.

This study suggests that for improved
rehabilitative processes and subsequent
beneficial results, a synergistic approach
of therapeutic procedures be utilized. This
approach has been most beneficial in
treating the low-back patient found within
the vicious cycle of pain and spasm. This
program demonstrates how one modality
potentiates another modality’s effects, and
describes how the additive effects of each
procedure is better than using each mode
of treatment as a sole source of rehabilita-
tion.
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