FACTORS INFLUENCING THE
ANALGESIC EFFECTS AND
CLINICAL EFFICACY OF
TRANSCUTANEOUS
ELECTRICAL NERVE
STIMULATION (TENS).

By

Mark Ian Johnson

A thesis submitted for the degree of PhD

July 1991

NEWCASTLE UNIVERSITY L IBRARY

ey Feead ik - Tl e anmlk wenid pieig USSP RS SRR AN R SRR e ET deerna ik bl dnlekdel el Bl Sninkdel  JelABeE Bejel Jul feliuig el

Wl G768 o

MDAhesis L2256 .



Short Abstract

Short Abstract

Factors influencing the analgesic effects and clinical efficacy of TENS have been
examined 1n this thesis.

Chinical Studies: It was found that since the introduction of TENS into the
Newcastle Pain Relief Clinic in 1979, 1582 patients have been given a trial of TENS to
control chronic pain, of which 927 (58.6%) continue to use the therapy on a long-term
basis. The clinical use of TENS by 179 of these patients was examined in-depth and it
was found that any type of pain may respond to TENS although a lack of relationships
between patient, stimulator and treatment outcome variables was observed. However,
over half of the patients using TENS on a long-term basis achieve less than 50% relief
of pain, therefore, an investigation to identify the optimal electrical characteristics of
TENS on cold-pressor pain in healthy subjects was performed.

Electrical characteristics of TENS: Differential analgesic effects were observed
between a range of pulse frequencies, pulse patterns and stimulating modes. It was
suggested that continuous mode stimulation at 80Hz producing a 'strong but
comfortable’ electrical paraesthesia within the site of pain should be the primary choice
when using TENS treatment in the clinic. However, acupuncture-like TENS produced
powerful analgesic effects during and after TENS. A number of improvements in
stimulator design are suggested.

EEG variables: Further studies, aimed at elucidating TENS mechanisms, showed
that TENS altered electroencephalographic (EEG) variables in healthy subjects and
pain patients. Moreover, chronic pain patients with small baseline peak-to-peak
amplitudes of the somatosensory evoked potential (SEP) and low spontaneous EEG
activity, showed poor response to TENS. It 1s suggested that an individual's intrinsic
central response pattern to external simuli may influence response to TENS.

The clinical implications of these findings are discussed.
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Long Abstract

Transcutaneous electrical nerve stimulation (TENS) is a simple, non-invasive
technique used 1n the control of chronic pain. Despite the success of TENS and its
continued use for over twenty years, some patients either fail to respond or show only
a partial response. Furthermore some patients respond initially to TENS but then
become tolerant to its analgesic effects. The reasons for poor response to TENS are
unknown; different clinics report widely differing success rates, and information on
long-term efficacy is sparse. Furthermore, TENS is still administered on an empirical
basis in which the patient determines by trial and error the most appropriate stimulator
settings (1.e. electrical characteristics of TENS) to treat his or her particular pain. It is
impossible to predict whether an individual patient will respond to TENS or which
stimulator settings will be optimal. In an attempt to elucidate these problems, the
clinical, electrophysiological, neuropharmacological, psychological and sociological
factors that influence the analgesic effects and clinical efficacy of TENS have been

examined in this thesis.

Three clinical studies were performed. The first (Study 2.1) reviewed the use of TENS
since its introduction to Newcastle Pain Relief Clinic in 1979. It was found that 1582
patients have been given a trial of TENS of which 927 (58.6%) continue to use a
stimulator on a long-term basis (Study 2.1). The clinical use of TENS by 179 of these
patients was examined in-depth (Study 2.2). Although previous literature suggests that
TENS 1is most efficacious for pains of neurogenic (neuropathic) origin, it was found
that any type of pain may respond. No relationships were found to exist between the
electrical characteristics of TENS (1.e. stimulator settings) used by patients during
TENS treatment and the cause and site of pain. However, patients utilised specific
pulse frequencies and patterns and consistently used these settings on subsequent
treatment sessions (Study 2.3).

These clinical studies showed that in this population, 41.4% of patients failed to
respond to TENS and half using TENS on a long-term basis achieved less than 50%
relief of pain. Thus, a systematic investigation to determine optimal electrical
characteristics of TENS was performed.

Three experiments were undertaken to examine separately the analgesic effects of
different electrical characteristics of TENS (pulse frequency, pulse pattern and
stimulation mode) on cold-pressor pain in healthy subjects. The effects of a range of
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pulse frequencies (10Hz to 160Hz) applied to produce a 'strong but comfortable'
electrical paraesthesia within the painful site were measured (Exp. 3.1). It was found
that frequencies between 20-80Hz were most effective. However, no differential
effects were observed between a range of pulse patterns (continuous, burst,
modulation, random; Exp. 3.2). When TENS was applied in burst mode at an intensity
sufficient to produce phasic muscle twitches at a site distant yet myotomally related to
the site of pain (acupuncture-like TENS) a powerful analgesic effect was observed
during and post-stimulation (Exp. 3.3). It is suggested that continuous mode
stimulation at 80Hz, producing a 'strong but comfortable' electrical paraesthesia within
the painful site, should be the primary TENS treatment choice in the clinic but that in
selected cases AL-TENS may be more effective. A number of improvements in
stimulator design are suggested.

Further experiments were aimed at elucidating the mechanism of TENS effects by
investigating the influence of TENS on electrophysiological and neuropharmacological
variables. It was found that TENS reduced peak-to-peak amplitudes of the late
waveform components (N1P2) of somatosensory evoked potentials (Exp. 4.1) and
increased alpha, beta and theta activity of spontaneous EEG in healthy subjects (Exp.
4.2) and/or pain patients (Exp. 4.3). As TENS produced changes in SEPs elicited
from non-painful stimuli, and also changes in spontaneous EEG 1n pain-free subjects,
it is suggested that the effects of TENS may be due in part to changes in sensory
processing at several levels in the nervous system which may not specific for the
perception of pain. The surprising finding that TENS increased peripheral circulating
met-enkephalin in chronic pain patients was attributed to a stress-like release although

this observation remains to be confirmed using a larger population sample (Exp. 3.1).

The results of these experiments suggest that baseline electrophysiological and
neuropharmacological variables may be important determinants of individual response
to TENS. Thus, a prospective investigation was undertaken on 29 patients who were
undergoing a trial of TENS to control chronic pain, in an attempt to identify predictors
of patient response. Patient response to TENS was related to baseline SEP amplitudes
and spontaneous EEG but was not related to biochemical, psycho-social, personality
or pain related factors (Exp. 6.1). Thus, patients with small peak-to-peak amplitudes
of the SEP, and low power spectrum of spontancous EEG showed poor response to
TENS (Exp. 6.1). It is suggested that an individual's intrinsic central response pattern
to external stimuli may influence response to TENS.
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CHAPTER 1
INTRODUCTION

INTRODUCTION

Pain is one of the world's most costly health problems. It is financially expensive
in terms of medical consultations, treatments and time lost from work, and
immeasurably costly in terms of personal suffering and impaired quality of life.
Nevertheless the medical management of pain, especially chronic pain, remains
unsatisfactory and any potential improvement in pain control is worthy of serious
study. The relatively recent technique of transcutaneous electrical nerve stimulation
(TENS) appears to offer such promise in the control of chronic pain and is the
subject of this investigation.

TENS is a simple, non-invasive technique, in which electrical currents, generated
by a portable stimulating unit, are administered via conducting pads (electrodes)
placed on the intact surface of the skin (Fig.1.1).

ot

Fig.1.1 Nurse applying TENS to treat a patient with
back pain. Electrodes are attached to surface of skin by adhesive
tape. Electrical pulses from the TENS unit (next to the patient on the
bed) are delivered to the electrodes via a lead to produce a tingling
sensation (electrical paraesthesia).
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In its simplest (conventional) form TENS produces a 'tingling' sensation (electrical
paraesthesia) within the painful area. The intensity and quality of electrical
paraesthesia can be varied and controlled by the patient according to his/her
requirements. TENS has been shown to produce useful analgesic effects in patients
with acute or chronic pain and has gained worldwide popularity. TENS has many
advantages over conventional treatments for pain. It does not require surgical
intervention and, unlike analgesic drugs, has no serious adverse effects. It can be
used long-term and does not interfere with other analgesic treatments. However
some patients fail to respond to TENS; others respond initially but then become
tolerant; still others show only a partial response. The reasons for poor response to
TENS are unknown; different clinics report widely differing success rates, and
information on long-term efficacy 1s sparse.

Furthermore, there have been few detailed studies into the stimulator settings
(electrical characteristics) utilised during TENS which may influence efficacy. In
practice TENS is usually administered on an empirical basis where the patient
determines by trial and error the most appropriate electrical characteristics of
stimulation to control the pain condition. It is likely that TENS efficacy could be
improved if the electrical characteristics of stimulation were optimised.

This investigation is aimed at elucidating some of the factors which determine the
analgesic efficacy of TENS, with a view to predicting patient response to TENS
and possible improvements in stimulator design.

PAIN

The working definition of pain as described by the Taxonomy Committee of The

International Association of the Study of Pain (IASP) is :
"...an unpleasant sensory and emotional experience associated with actual or
potential tissue damage or described in terms of such damage."”

Some additional points of clarity accompany the definition:
"Pain is always subjective. Each individual learns the application of the word
through experiences related to injury in early life. It is unquestionably a
sensation in a part of body but is also unpleasant and therefore an emotional
experience.”

A detailed explanation of this definition can be found in Merskey [1979] and IASP
[1986].
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Three aspects of pain perception arise from this definition:
(1) The sensory components of pain, e.g. location, intensity and quality of pain.
(11) The affective components of pain, e.g. distress and anxiety associated with
pain.
(111) The evaluative components of pain, e.g. significance and importance of
pain.
Thus, the sensation of pain, like any other sensory modality, depends upon the
activation of a discrete set of neural pathways, which in turn evoke a complex
reflex and motivational-affective experience associated with emotional reactions
such as suffering, anxiety, depression and an evaluation of what the pain means
[Fields 1991]. Consequently inter-individual reactions to painful stimuli are
variable.

ACUTE AND CHRONIC PAIN

Pain is most commonly produced by either (i) injury or (ii) stimuli that are intense
enough to be potentially damaging (noxious). Along with the subjective experience
of pain, noxious stimuli elicit a variety of behavioural responses which serve to
protect uninjured tissues, 1.e. withdrawal reflexes, escape, immobilisation of the
injured part and avoiding future encounters with such stimuli. Thus in its acute
state, pain serves as a warning signal or protective mechanism and is associated
with acute disease or traumatic injury. If diagnosed and treated comprehensively
acute pain can usually be resolved.

It is when a pain condition becomes chronic, persisting longer than the expected
time after illness or injury, that the pain appears to lose its biological importance as
a warning signal and the body may cease to react with appropriate protective
reflexes. Four types of chronic pain have been described by Chapman and Bonica
[1985]:

(1) Pain persisting beyond the normal healing time for acute injury or disease.

(11) Pain related to chronic degenerative disease or a persisting neurological

condition.

(111) Pain without any identifiable organic cause.

(vi) Advanced cancer.
Often the diagnosis and treatment of chronic pain is difficult, and the failure of
ineffective medication and surgery can leave patients seriously debilitated.
Consequently chronic pain is often associated with severe depression since the
patient may lose hope for prospects of relief.
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To achieve adequate treatment of both acute and chronic pain, it is important to
understand the basic neuroanatomical and neuropharmacological systems which
lead to the sensation of pain.

NEUROANATOMY OF PAIN

Between the stimulus of tissue injury and the subjective experience of pain a series
of complex electrical and chemical events take place. A schematic diagram of the
major neural pathways that contribute to pain sensation is shown in Fig.1.2. There
is no single pathway or brain centre devoted to pain transmission and processing
but rather an elaborate neurobiological system in which many interacting processes
convert the noxious stimulus 1nto the subjective sensation of pain. These processes
include, transduction, transmission, modulation and perception of nociceptive
information.

Transduction: Refers to the process by which noxious stimuli is converted to
electrical activity in the appropriate sensory nerve endings. This is achieved by
nociceptors, which can be defined as:
"receptors preferentially sensitive to noxious or potentially noxious stimuli or
to a stimulus which would become noxious if prolonged” [IASP 1986].
Two main classes of cutaneous nociceptors are known:
(1) High threshold mechanoreceptors connected to myelinated A-delta fibres,
which conduct at 5-10ms-1,
(11) Polymodal nociceptors connected to unmyelinated C-fibres, which conduct
at 0.5-2ms-1.
Both groups of nociceptors begin to respond at stimulus intensities below those that
evoke pain [Wall & McMahon 1986].

Transmission: Refers to the neural events subsequent to transduction. There
are two major components of the nociceptive transmission system.

Peripheral: Small diameter A-delta and C-fibres (2.0-5.0pum and 0.4-1.2um
respectively) transmit nociceptive information from nociceptors to the dorsal horn
of the spinal cord (the majority via the dorsal root ganglia), where they branch

profusely in the marginal zone and substantia gelatinosa, and form synapses with
interneurones and second order neurones.
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Fig. 1.2 Schematic diagram of the main nociceptive pathways. Non-noxious
information is transmitted in large A-alpha/beta diameter fibres (thick line) which ascend ipsilateral
via the dorsal column to synapse in the cuneate and gracile nuclei. Second order neurones originate
here and cross the spinal cord to run in the contralateral medial lemniscus to the ventrobasal nuclei
of the thalamus and the somatosensory coriex. Nocxccpuvc information 1is transmitted from the
periphery 1o the dorsal horn of the spinal cord via small diameter fibres (thin line) which synapse
with second order transmission (T) cells either directly or via intemeurones (white circle). The
transmission cells are located in the deeper layers of the dorsal hom (lamina V) and project to the
contralateral thalamus in spinoreticular and spinothalamic tracts. Diffuse projections to the whole
cortex produce the affective - evaluative components of pain and projections to the specific (Areas
SI & SII) somatosensory cortex produce the sensory - discriminatory components of pain. The
transmission of nociceptive information is modulated by (i) a gate control system and (ii)
descending pain inhibitory pathways. The gate control system modulates the firing of transmission
cells via inhibitory intemeurones (black circle) located in the Substantia Gelatinosa (SG). These
inhibitory intereurones can by activated by either (i) collaterals from the large diameter fibres
(activated by TENS) or (ii) descending pain inhibitory pathways. These descending pain inhibitory
pathways originate in the periaqueductal grey matter of the brainstem and are activated by (i)
collaterals from spinothalamic tract and (1) higher centres of the brain. All synapses excitatory

unless otherwise stated. (Adapted from Thompson [1984); Bowsher [1988): Fields {1987a); Bonica
[1950]).
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Central: The most important pathways in the human spinal cord which relay
nociceptive information to the brain and thalamus, ascend via second order
neurones in the contralateral anterolateral white matter in the following nerve tracts:
(i) Spinoreticular - a multi-synaptic tract which ascends to the medullary reticular
formation and intralaminar nuclei of the thalamus.
(ii) Spinothalamic - which ascends directly to the ventrobasal nuclear complex of
the thalamus.
The spinothalamic tract has been subdivided into:
(i) the neospinothalamic tract, responsible for pricking or localised sharp pain
associated with A-delta fibre stimulation:
(ii) the paleospinothalamic tract, responsible for slow burning pains associated
with C-fibre stimulation.
Evidence suggests that the spinoreticular and the paleospinothalamic tracts serve as
a single functional entity [Fields 1987b].

From its respective nuclei in the thalamus, the neospinothalamic tract projects to the
somatosensory cortex (areas SI and SII) and sub-serves the sensory-discriminative
aspects of pain. The spinoreticular pathway projects from the thalamus. to
widespread areas of the brain, and underlies the motivational-affective aspects of
pain (Fig.1.2). Thus, diffuse projections from the thalamus to the hypothalamus,
limbic system and cortex, account for the autonomic, emotional and cognitive
processes associated with the perception of pain.

Modulation: Refers to the neural activity leading to control of the nociceptive
transmission system. An antinociceptive system operates via (i) 'spinal gating
mechanisms', where the further transmission of incoming nociceptive information
is regulated by collaterals of primary afferent neurones (both large (primarily A-
beta, 5-12pum) and small diameter) and interneurones, and (i1) supraspinal
descending pain inhibitory pathways, extending from the periaqueductal grey to the
spinal cord, where they impinge upon incoming nociceptive information.

Pain perception: Unfortunately knowledge is severely lacking in the
understanding of the process of pain perception. A recent study by Jones et al.
[1991] which used positron emission tomography (PET) to measure changes in
regional blood flow during pain in healthy subjects, suggests that the cingulate
cortex may play an important role in the perception of pain. However, pain is
perceived in terms of injury in the context of the afferent barrage in fibres
transmitting nociceptive and non-nociceptive information, and of analytical
processes 1n the brain. Moreover, the peripheral and central nervous systems
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change progressively with time, particularly after injury. Thus changes in neuronal
connectivity and excitability resulting from injury may alter the way in which the
nervous system responds to stimuli and may even evoke pain from innocuous
stimuli.

NEUROPHARMACOLOGY OF PAIN

It is clear that many substances play a role in the transmission and modulation of
nociceptive information. Endogenous algesic agents produced peripherally during
noxious stimulation include serotonin (5-Hydroxytryptamine (5-HT)), histamine,
and bradykinin. In addition prostaglandins play an important role in sensitising
sensory nerve endings to nociceptive substances such as kinins. These peripherally
acting substances will not be considered further. Neuropeptides (non-opioid and
opioid), monoamines and amino acids appear to play important roles in the central
transmission and modulation of nociceptive information, as shown in Fig.1.3.
These central agents will now be discussed.

Non-opioid neuropeptides: Substance P has been shown to act as an
excitatory neurotransmitter at primary nociceptive nerve endings in the dorsal horn
[Hokfelt et al. 1975]. It may be co-released with other transmitters, possibly
glutamate or ATP, and its release may be controlled by the pre-synaptic action of
short enkephalinergic interneurones. In addition to substance P, other non-opioid
polypeptides including somatostatin, neurotensin, angiotensin II and
cholecystokinin (CCK) may be involved in pain modulation in the spinal cord and
brain.

Opioid neuropeptides: Since the isolation of opioid peptides from the pig
brain by Hughes et al. [1975], a wide distribution of multiple opioid peptides and
opioid receptors have been found [for review see Mansour et al. 1988]. Many of
these are closely associated with systems subserving pain modulation [for review
see Clement-Jones & Besser 1983]. Three classes of endogenous opioid peptides
appear to be of major physiological importance: dynorphin, endorphins and
enkephalins. Enkephalins appear to control the response of dorsal horn neurones
and modulate pain at higher sites in the central nervous system, although the

analgesic effects of enkephalins are short lived due to their rapid degradation by -
enkephalinases.
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Fig.1.3 Simplified diagram of the neuropharmacology of antinociceptive
pathways. Substance P (SP), and Vasoactive Intestinal Polypeptide (VIP) are released from
primary afferent nociceptive neurones originating from the skin and viscera and terminate in the
substantia gelatinosa (SG) of the dorsal horn. SG interneurones excite second order transmission
cells (T) pnmarnly 1 lamina V which ascend in multisynaptic spinoreticular tracts to the thalamus
and produce the conscious sensation of 'slow aching’ pain. Waldeyer cells (W) in lamina I of the
dorsal horn can be excited by impulses gencrated in A-delta afferents and transmit noxious
information conveying 'fast sharp' pain to consciousness via the spinothalamic tract and the
somatosensory cortex. Spinal antinociception: Enkephalinergic interneurones (ENK, dark circle)
operate on the borders of lamina I and II and inhibit onward transmission of noxious information
generated by C-fibre activity. Low intensity TENS and dorsal column stimulation (DCS) inhibit
SG, possibly by the release of GABA, to produce segmental inhibition of nociceptive
transmission. Supraspinal antinociception: Descending pain inhibitory pathways are activated via
collaterals of the spinothalamic tract by high intensity TENS or acupuncture, and originate in the

periaqueduatal grey (PAG). The PAG is rich in opioid peptides (OP) and receives input from a
variety of sources including the hypothalamus. Neurones from the PAG project to the nucleus
raphc magnus (nRM) and nucleus reticularis gigantocellularis (nRG). Serotonergic (5-HT) and
noradrenergic (NAd) neurones arising form the nRM and nRG, project to ENK 1o inhibit onward

transmission of nociceptive information. All synapses excitatory unless otherwise stated. From
Thompson and Filshie [in press]).
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Endorphins are less rapidly degraded in the body and have longer lasting analgesic
effects. A rise of concentration in cerebrospinal fluid (CSF) concentrations of beta-
endorphin have been shown to occur during acupuncture [Clement-Jones et al.
1980b], electrical stimulation of the periaqueductal grey and associated nuclei [Akil
et al. 1976], and during certain forms of TENS [Sj6lund et al. 1977]. The role of
dynorphin in pain modulation remains unclear.

Monoamines: Monoamine neurotransmitters appear to play a role in the
modulation of nociceptive transmission via supraspinal descending pain inhibitory
pathways terminating in the spinal cord [Akil & Liebeskind 1975]. Analgesia
produced by electrical stimulation of the periaqueductal grey and raphe nuclei, 1s
accompanied by the release of S-HT and noradrenaline in the spinal cord 1n the cat
[Belcher et al. 1978]. Histamine, acetylcholine, and dopamine, may also mediate
pain suppression pathways [for review see Fitzgerald 1986].

Amino acids: Several amino acid transmitters have been shown to play a role
in nociception. Glutamate is contained within three quarters of dorsal root gangha
cells and may be an excitatory neurotransmitter for primary afferent nociceptive
afferents. Recently, the N-methyl d-aspartate (NMDA) receptor has been implicated
in the amplification and prolongation of an ongoing nociceptive afferent barrage (C-
fibre dependent facilitation, or 'wind-up') [Dickenson 1990]. Gamma-amino
butyric acid (GABA) may be involved in central antinociceptive systems within the
spinal cord and brainstem nuclei. Glycine, beta-alanine, and taurine, may also play
a role.

MEASUREMENT OF PAIN IN MAN

One of the most difficult and critical aspects in the investigation of pain is its
quantitative documentation. As pain 1S a subjective experience, the basic expression
of pain in humans is the verbal report. Various methods on the scaling of subjective
pain have been established.

Pain rating scales: Common approaches to the rating of pain sensation are
category and analogue scales. The category scale is classified by a set of given
descriptors to measure sensory (e.g. sharp, dull, burning, aching), affective (e.g.
exhausting, sickening, gruelling, nagging), and evaluative (e.g. annoying,
unbearable), components of pain as shown in the McGill Pain Questionnaire
[Melzack 1975a]. The analogue scale translates different strengths or sensations
into units of length, and although scales can vary in presentation, a 10 cm visual
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analogue line labelled at ends with words and numbers (for example 'no pain' =0
to 'worst pain imaginable' = 10) is commonly used in clinical research. The subject
indicates the intensity of the pain by marking the line at the appropriate point.
Despite problems with the rehiability of the analogue scale in measuring inter-
individual pain variables (i.e. intensity), and its ability to record only one
component of the multi-dimensional pain sensation, it proves a most useful and
simple means of comparing treatment effects within the laboratory setting.

Objective pain measures: To quantify objectively the verbal report of
pain, physiological reactions accompanying pain can be recorded, such as
peripheral nerve activity, withdrawal reflexes, skin resistance reactions, evoked
potentials (EPs) and the electroencephalogram (EEG). It has been claimed that the
cerebral evoked potential (the shmulus induced change in the electroencephalogram)
can provide a stable and reliable correlate between brain activity and the subjective
report of pain [for reviews see Chapman et al. 1979; Bromm 1985]. Many studies
have utilised EPs to quantify pain and analgesic effects in man. With recent
improvements in technology and methodology, it is also possible to monitor
changes in spontaneous (ongoing) electroencephalographic activity during pain and
analgesia, although few studies have been performed.

Experimental and clinical pain: Experimentally-induced pain in the
laboratory differs from pain seen by the physician in the clinic because experimental
pain can always be interrupted or stopped on request by the subject. Measurement
of experimental pain 1s characterised by the sensory-discriminative rather than
affective-evaluative components of pain, and is reflected by nocifensive motor
reactions. By contrast, a patient's pain 1s characterised by aversive, emotional and
vegetative components producing a feeling of illness, and ultimately causing the
patient to visit the doctor.

TREATMENT OF PAIN

Until the 50's, many physicians had worked on the assumption that the brain had a
hard-wired pain transmitting system, and that to stop pain one had to irreversibly
block these transmitting pathways by either surgical (i.e. cordotomy) or chemical
means (1.e. neurolytic block). Such treatment failed and at present analgesic
medications are the mainstay of pain control as they have a proven efficacy, are
widely available, and are convenient for patients to use and physicians to
administer. Primary analgesic agents include antipyretics (non-steroidal anti-
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inflammatory drugs), narcotics (opioids) and local and general anaesthetics.
Secondary analgesic agents include anxiolytics, neuroleptics, antidepressants and
anticonvulsants [Thompson 1984]. Nevertheless, patients and physicians are often
dissatisfied with the long-term use of analgesic drugs for non-malignant pain as
patients often report inadequate pain relief, experience intolerable side effects and/or
are intimidated with the problems associated with long-term use .

Consequently a variety of non-drug treatment techniques have been developed and
are gaining acceptance in the medical profession. These include cognitive
behavioural methods (hypnotherapy, biofeedback, relaxation), ablative procedures
(neurolytic blocks), neuroaugmentative surgery, acupuncture and transcutaneous
electrical nerve stimulation (TENS). Unfortunately administration of most of these
treatments requires specialised training and is labour intensive and thus expensive.
TENS remains the exception to the rule, yet the value of the technique is still

questioned due to contradictory reports on efficacy and the difficulty of designing
good clinical studies [Deyo et al. 1990a; 1990b].

TENS came into widespread use following the prediction by Melzack and Wall in
1965 that stimulation of large diameter afferent fibres in a peripheral nerve would
alleviate pain [Melzack & Wall 1965]. Over the last few decades TENS has been
established as an efficacious therapeutic modality in the treatment of both acute and
chronic pain, yet the technique 1s not really new.

HISTORY OF ELECTROANALGESIA

Long before the technology existed to generate electricity, man has used ‘naturally
occurring' electricity for the treatment of ailments. Stone carvings dating from the
Egyptian Fifth Dynasty (2500BC) indicate that Malapterurus electricus, a species of
electric fish found in the Nile, was used to treat pain conditions [Kane & Taub
1975]. The earliest known reference to acupuncture was also reported at this time
in the Yellow Emperor's Classic of Internal Medicine. Hippocrates (400BC)
referred to the use of electric torpedo fish (Torpedo marmorata) for the treatment of
headache and arthritis, and Scribonius Largus (46 AD), the Roman Physician,
recorded the use of such fish to treat gout. The first english language book on
medical electricity was published by Richard Lovett in 1756, following the
classification of the phenomenon of electricity by William Gilbert (1544-1603).
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2500 B.C, Egyptian Fifth Dynasty Stone carvings showing the use of electric
fish to treat pain

400 B.C. Hippocrates Electric Fish used for headache and arthritis

AD. 46 Scribonius Largus Treated gout with electrical ray fish

1758 Richard Lovett Subtil Medium Proved
First textbook on medical electricity in
English language

1759 Dr John Wesley "Electricity made plain and useful by a lover
of mankind and common sense”
. Sclatica hysteria headache kidney stone gout

etc.

1772 John Birch English surgeon who used electrotherapy
extensively

1800+ Sarlandiere Used electric discharge from Leyden bottles

via acupuncture needles

1850's W.J. Oliver Electrical stimulation of muscle used to
produce surgical and obstetric analgesia

1875 Rockwell et al. A practical treatise on the medical and
surgical uses of electricity 2nd ed.

c1900 ‘Electreat’ apparatus sold direct to public
with claims to cure many diseases including
cancer. Banned by FDA in early 50's

1965 R. Melzack and P.W. Wall Gate Control theory

1967 P.Wall and W, Sweet High-frequency (50-100Hz) percutaneous
electrical nerve stimulation for chronic
neurogenic pain

1987 C.N.Shealy et al. First dorsal column implantation

1969 D.V. Reynolds Stimulation of periaqueductal grey produces
surgical anaesthesia

1973-74 " D.M. Long and C.N. Shealy  Report results of transcutaneous electrical
nerve stimulation (TENS)

1977 L.E.Angustinsson et al. Obstetric analgesia with TENS

1879 ‘ M.B.E. Eriksson et al Increased analgesic efficacy of acupuncture-
like TENS

1882 B.Kaada High-intensity muscle stimulating TENS

promotes healing of chronic ulceration

Table 1.1 History of electroanalgesia. From Thompson
[1987a].
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A multitude of reports, describing the use of electricity in medicine, termed
electrotherapy, and for reducing pain, termed electroanalgesia, followed in the
1800's (Table 1.1). Of note was the finding of Berlioz (1816) that the effects of
acupuncture were increased when administered in combination with electricity
(electro-acupuncture). Nevertheless electrotherapy fell out of favour at the turn of
the 20th century and, until recently, electroanalgesia has had little use in mainstream
medicine.

The proposal of the gate control theory of pain mechanisms by Melzack and Wall
re-awakened interest in pain treatment by electrical stimulation. The theory states “A
gate control system modulates sensory input from the skin before it evokes pain
perception and response.”. Thus in short, the model suggests that the action system
responsible for pain perception and response, is triggered after sensory information
arriving from the periphery has been modulated i1n the spinal cord by sensory
feedback and influences from the central nervous system. It was therefore inferred
that activity in large diameter afferent nerve fibres, mediating non-noxious 'touch’
messages, could block the transmission of nerve signals from small diameter
afferent fibres, mediating noxious ‘pain’ messages, (Fig.1.4).

GATE CONTROL SYSTEM
L -
+
| @< (1
5 3 - +

Fig.1.4 The original schematic diagram of the gate
control theory of pain mechanisms as proposed by
Melzack and Wall [1965]. Large (L) and small (S) diameter
fibres project to the Substantia Gelatinosa (SG) and first
Transmission cells (T) 1n the spinal cord. The inhibitory effect exerted
by the SG on the T-cell 1s increased by activity in large diameter
fibres and decreased by small diameter fibres. Thus, large diameter
fibres reduce the increase in T-cell activity produced by the small
diameter fibres. (+), excitation; (-), inhibition.
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Consequently, generation of extra touch messages in the periphery, either naturally
(i.e. rubbing) or artificially (i.e. electrical stimulation), would relieve pain.
Although the experimental basis for the precise gating mechanism has been the
subject of criticism [Nathan 1976}, the concept of large fibre suppression of the
transmission of nociceptive information by a spinal gating mechanism still remains
largely intact, and has been amply verified experimentally [Wall 1978].

Wall and Sweet [1967] confirmed a prediction of the gate control theory when they
showed that high-frequency (50-100Hz) percutaneous electrical nerve stimulation
relieved chronic neurogenic pain. Shealy et al. [1966; 1967] reported the first
clinical use of dorsal column stimulation to relieve pain via electrodes implanted
into the spinal cord. Stimulation of the skin was used by Long [1974] and Shealy
[1974] as a means to predict which patients would respond to dorsal column
implantation. However they found that such skin stimulation proved successful as a
free standing treatment. This finding coupled with the advent of solid state
electronic devices resulted in the rapid development of portable battery powered
stimulators for the relief of pain. Many reports followed which established the
clinical use of TENS and this was followed by attempts to improve its efficacy. In
1976, Eriksson and Sjolund [1976] developed a form of stimulation which they
termed "Acupuncture-Like TENS" (AL-TENS) because they felt it encompassed
the mechanisms of both acupuncture and TENS. AL-TENS was found to reduce
pain in patients who did not normally respond to conventional TENS.

To date, an overwhelming number of reports relating to the clinical use of TENS
have been published, and it has been established that TENS can play a major role 1n
the relief of a wide range of chronic pain conditions. However, its clinical efficacy
is still questioned. This may be due 1n part to the difficulty in designing double
blind controlled clinical trials, and thereby attributing TENS effects to placebo
response [Deyo et al. 1990a].

MECHANISM OF TENS ACTION

It 1s generally accepted that TENS acts predominantly via segmental inhibition of
nociceptive input in the spinal cord, as proposed in the gate control theory
although, a number of interactive mechanisms may also play a role. During high-
frequency (above 10Hz) electrical stimulation of cutaneous afferents, a sensation of
electrical paraesthesia 1s produced, with a concurrent rise in the threshold for
noxious and non-noxious stimuli and a reduction in clinical pain, which may persist



Chapter 1: Introduction 15

for hours post-stimulation. It has been suggested that these effects may be
produced by peripheral, spinal and supraspinal mechanisms. These will now be
discussed.

Peripheral: 1t has been claimed that the reduction in pain observed during
TENS treatment is primarily due to changes in peripheral transmission of
nociceptive information [Campbell & Taub 1973; Torebjork & Hallin 1974; Ignelzi
& Nyquist 1979]. Ignelzi and Nyquist [1976] studied the effects of percutaneous
neurostimulators used clinically on 1solated peripheral nerve evoked activity in the
cat. They found that electrical stimulation of the sural nerve altered nociceptive
transmission in the same nerve by slowing conduction velocity or raising excitation
threshold, thereby preventing nociceptive information from reaching the spinal
cord. Strong stimulus intensities and the activation of both large and small diameter
fibres, were required to achieve this effect, which was in contrast to the non-painful
low intensity stimulation used by patients. Furthermore, Swett and Law [1983] in a
study applying stimulation characteristics used by patients who were obtaining pain
relief to the peripheral nerve of the cat, reported that the intensities used by patients
were insufficient to activate small diameter fibres and found no evidence of small
diameter nerve block.

Spinal: The bulk of experimental evidence supports a central mechanism of
TENS action. It is possible that both spinal and supraspinal antinociceptive systems
may operate during TENS, and the 1nfluence of each system may ultimately depend
upon the mode of stimulation used. Conventional TENS, which activates large
diameter fibres (predominantly A-alpha and A-beta, although activation of A-delta
may also occur [Chung et al. 1984b]}), is likely to inhibit incoming nociceptive
information at a segmental level 1n the spinal cord, as suggested by the gate control
theory. Electrophysiological studies have shown that segmental activation of
cutaneous A fibres by peripheral conditioning stimuli, inhibits C-fibre and noxious-
evoked activity in the dorsal horn of spinalised animals [Woolf et al. 1980; Woolf
& Wall 1982; Chung et al. 1984a; Sj6lund 1985]. Such stimulation has also been
found to reduce noxious-induced flexion reflexes in man [Willer et al. 1982; Chan
& Tsang 1987]. Both pre- and post-synaptic inhibition of nociceptive transmission
has been shown to occur during TENS [Fitzgerald & Woolf 1981; Woolf & King
1987]. However the precise neuronal circuitry producing this inhibition is still
largely unknown. The large density of enkephalinergic interneurones located in the
substantia gelatinosa of the dorsal horm [Bennett et al. 19821, and the finding by
Duggan and Foong [1983] that dorsal column stimulation in cats releases GABA
within the cord, suggests important roles for these substances in the mechanism of
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TENS action. The post-stimulation hypoaesthesia associated with conventional
TENS has been attributed to a long-lasting depression of central synaptic
transmission, possibly at the level of the cuneate nucleus [Macefield & Burke

1991].

Supraspinal: There is evidence that supraspinal descending pain inhibitory
pathways originating in the brainstem, may also play a role in TENS analgesia. It 1s
likely that these pathways are only activated by stimulus intensities greater than that
achieved during conventional TENS. The concept of a supraspinal network
modifying pain transmission was originally suggested by Reynolds et al. [1969],
who found that electrical stimulation of the midbrain in rats selectively suppressed
responses to painful stimuli. This ‘Stimulation Produced Analgesia’ (SPA) was
found to reduce clinical pain in humans with electrodes implanted into the
periaqueductal grey (PAG) [Mayer & Liebeskind 1974]. It was confirmed that
stimulation of a variety of midbrain, medullary, and pontine sites produced SPA,
and that neurones originating from these areas projected spinally (via dorsolateral
funiculus) to inhibit dorsal horn neurones in lamina I, II, and V, which contain
terminals of nociceptive primary afferents [Bovie & Meyerson 1982].

Acupuncture-like TENS (AL-TENS) 1s a TENS technique originally developed by
Eriksson and Sjolund [1976] to improve TENS efficacy by encompassing the
mechanism of acupuncture and TENS. A requirement of AL-TENS 1is the
production of phasic muscle contraction by high intensity stimulation, with
concurrent activation of deep muscle afferents myotomally related to the pain. It has
been suggested that stimulation of small diameter sensory and muscle afferents by
acupuncture, activates descending pain inhibitory pathways via a supraspinal loop
[for review see Bowsher 1987]. Thus, by implication, AL-TENS may activate
supraspinal descending inhibitory pain control pathways with the release of opioid
peptides and monoamines (see Fig.1.3). This is supported by the naloxone-
reversibility (naloxone is an opiate receptor antagonist) of the pain reduction
achieved during AL-TENS, but not conventional TENS [Sj6lund & Eriksson
1979]. It seems unlikely that a pituitary and/or hypothalamic release of opioid
peptides i1nto the peripheral circulation would account for this naloxone-
reversability [Facchinetti et al. 1984], but rather that segmental inhibition in the
spinal cord 1s supplemented by the local release of opioid peptides activated by
signals transmitted via the descending pain inhibitory pathways.
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Further evidence for a central rather than peripheral mechanism of action of TENS
has been provided by human studies using somatosensory evoked potentials

(SEPs) [Golding et al. 1986; Nardone & Schieppati 1989]. These will be discussed
in detail in Chapter 4.

Other actions of TENS, involving the activation of sympathetic reflexes, have been
suggested. Thus, Kaada et al. [1982] reported an increase in blood flow during
TENS in patients with Raynaud's syndrome, although Dean and Leijon [1990]
found a decrease in blood flow during TENS in healthy subjects. Furthermore,
Owens et al. [1979] and Abram et al. [1980] have observed increases in skin
temperature during TENS in both healthy subjects and pain patients, although
conflicting reports exist [Ebersold et al. 1977]. Abram et al. [1980] suggested that
TENS may reduce sympathetic tone in certain patients and prove successful in
treating chronic pain states associated with sympathetic hyperactivity. However,
work in this field is still incomplete.

In summary, evidence suggests that the analgesic effects of TENS are produced by
segmental inhibition in the spinal cord, and under certain stimulating conditions
(i.e. AL-TENS) with the activation of descending pain inhibitory pathways and the
release of opioid peptides.

PRINCIPLES OF USE

TENS has been used successfully in the treatment of a wide range of both acute and
chronic pain conditions, although certain conditions are less likely to respond to
TENS (Table 1.2a and 1.2b). In 1ts conventional form, TENS is generally applied
to produce a 'strong but comfortable’ electrical paraesthesia within the site of pain.
Electrical pulses generated from the stimulating unit are passed across the surface of
the skin to activate underlying nerves via two electrodes (Fig.1.5). Conductive gel
1s used to decrease resistance across the skin-electrode interface, and the electrodes
can be hidden or concealed under clothing if necessary. Patients can then administer

stimulation as required and the electrical characteristics of stimulation varied via
appropriate dials [Long & Hagfors 1975].
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DISORDER

REFERENCE

PERIPHERAL NERVE DISORDERS
Peripheral nerve injury

Traumatic neuromas
Causalgia

Trigeminal nerve section
Amputation pain
Phantom limb pain
Intercostal neuritis
Trigeminal neuralgia and
Atypical facial pain
Post-herpetic neuralgia
Mono and polyneuritis
Nerve compression injury

SPINAL CORD AND SPINAL ROOT

DISORDERS
Dorsal root compression and
spinal nerve compression

Brachial avulsion injury

Syringomyelia and postcordotomy

Spinal cord injury
Arachnolditis

PAIN ASSOCIATED WITH NEOPLASTIC

LESIONS
Metastatic bone pain
Neoplastic pain

MUSCLE PAIN
Secondary muscle spasm
Spastic torticollls
Musculoskeletal disorders

JOINT PAIN
Rheumatoid arthritis
Osteoarthritis

ACUTE PAIN
Obstetric pain
Acutie trauma
Acute orofacial pain
Post-operative pain

MISCELLANEOUS CONDITIONS
Itch
Raynauds
Angina
Functional abdominal pain

Wall & Sweet 1967
Bates & Nathan 1980
Richardson et al. 1980
Meyer & Flelds 1972
Bates & Nathan 1980
Gyoryetal 1977
Miles & Lipton 1978
Bates & Nathan 1980
Eriksson et al. 1984
Eriksson et al. 1979
Nathan & Wall 1974
Picaza et al. 1975
Magora et al. 1978

Andersson et al. 1976
Thorsteinsson et al. 1977
Eriksson et al. 1984
Wynn-Parry 1980

Picaza et al. 1975

Bates & Nathan 1980
Hachen 1978

Richardson et al. 1980
Picaza et al. 1975

Magora et al. 1978
Bates & Nathan 1980
Picaza et al. 1975

Magora et al. 1978
Erselk 1977
Wolf et al. 1981

Mannheimer & Carlsson 1979
Taylor et al. 1981

Augustinsson et al. 1977
Nielzen et al. 1982
Hansson & Ekblom 1983
Hymes et al. 1974
Cooperman et al. 1977
Pike 1978

Solomon et al. 1980

Augustinsson et al. 1976
Kaada et al. 1984
Mannheimer et al 1982
Sylvester et al. 1986

Table 1.2a Clinical conditions successfully treated with

TENS. Adapted from Woolf [1989].
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DISORDER REFERENCE

PERIPHERAL NERVE DISORDERS

Metabolic peripheral neuropathies Long et al. 1979
Post-herpetic intercostal neuralgia Cauthen & Renner 1975
Occipital neuralgia Cauthen & Renner 1975
Nerve injury and neuralgia Magora et al. 1978
SPINAL CORD AND SPINAL ROOT
DISORDERS
Partial cord transection Cauthen & Renner 1975
Richarson et al. 1980
Myelodysplasia Picaza et al. 1975
Spondyloarthrosis Picaza et al. 1975
CENTRAL PAIN STATES
Thalamic pain Bates & Nathan 1980
Long & Hagfors 1975
MISCELLANEOUS CONDITIONS
Headache Loeser et al. 1975
Vascular headache Picaza et al. 1975
Atypical facial pain Cauthen & Renner 1975
Bates & Nathan 1980
Pain scars Bates & Nathan 1980
Coccydynia Cathen & Renner 1975
Visceral pain Eriksson etal. 1979
Ischaemic pain Eriksson et al. 1979
Industrial injury Long et al. 1979
Psychogenic pain Long & Hagfors 1975

Nielzen et al. 1982
Johansson et al. 1980

Table 1.2b Clinical conditions reported to be

unsuccessfully treated with TENS. Adapted from Woolf
[1989].
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Fig.1.5 Simplified mechanism of TENS. Pulses of electrical
current from the stimulator excite (via skin electrodes) touch
receptors. These electrically-excited nerve impulses then pass to the
spinal cord where they synaptically inhibit (by the release of
transmitters) incoming nociceptive information which would
normally be conveyed 1o the reticular formation, thalamus and cerebral
cortex. From Thompson [1987b]

TENS units were designed on theoretical grounds to activate selectively large
diameter fibres, without concurrent activation of small diameter nociceptive fibres.
However, studies examining optimal stimulation characteristics for TENS remain
sparse. Li and Bak [1976] examined the excitability of A- and C-fibres in cat
saphenous nerves, by creating strength/duration curves for activation by electrical
stimulation. They found that small unmyelinated 'nociceptive' axons were virtually
unexcitable by pulse widths below 200us. Howson [1978] also created
strength/duration curves during TENS to his own ulnar nerve on the forearm, and
suggested that a good separation between motor responses, the perception of pain,
and sensory detection was achieved at 100us. Pulse widths greater than
1000us(1ms) were found to activate simultaneously all fibres even at low
stimulation amplitudes. Thus pulse widths between 20-1000us are ideal to
selectively activate large (and not small) diameter afferents. Although the optimal
frequency of electrical stimuli to produce maximal firing of large diameter fibres
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(A-alpha/beta) in human nerve has not been defined, frequencies above 100Hz have
been suggested to be no more effective [Buchthal & Rosenfalck 1966].
Consequently frequency ranges of 40-100Hz are generally suggested for clinical

use of TENS [Woolf 1989].

Commercial stimulator specifications vary between companies, although
stimulators used at Newcastle Pain Relief Clinic are similar (Table 1.3). In general,
stimulators have facilities to vary pulse amplitude, pulse frequency, and pulse
patterns (Fig.1.0).

Output Waveform 10Hz 200Hz

PULSE FREQUENCY

PULSE PATTERNS

|
Continuous mode

1111011117 I 111 O 11111
Burst mode (2.3Hz trains of pulses)

Fig.1.6 The control functions of a Microtens
stimulator. The stimulator has facilities to control (i) pulse
amplitude (intensity) - left hand dial, (i1) pulse frequency - right hand
dial and (iii) pulse patterns (either continuous or burst) - right hand

switch. The output waveform is biphasic with a fixed pulse width of
200us.

Pulse frequency, ranges between 1-200Hz and a variety of pulse patterns are
usually available (i.e. continuous, burst and random). A biphasic wave (where the
area of the positive wave portion 1s equal to the the area of the negative) is most
commonly used, since this reduces polarisation which may produce adverse skin
reactions [Lampe & Mannheimer 1988]. The current amplitude (i.e. intensity or
strength of stimulation) usually ranges between 0-50 volts, equating approximately
to 0-50 mA across the skin (whose impedance range = 500-2000 ohms). This
intensity range can produce sufficient current strength to twitch underlying
musclature. Constant-current rather than constant-voltage design is preferred to
compensate for variations in impedance at the electrode-skin interface. Variations in
stimulator design (with pulse width control, dual channels, different pulse patterns

and waveforms) have been introduced to optimise clinical efficacy, but have met
with limited success.
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AIM OF PROJECT

Although TENS has been used successfully for a variety of acute and chronic pain
conditions, some patients either fail to respond, or respond initially and then
develop tolerance to TENS analgesia. It has been estimated that over 70 % of
patients initially respond to TENS, but only a third of these continue to obtain relief
after two years [Bates & Nathan 1980]. The degree of pain relief obtained by
patients responding to TENS proves variable; some patients report total relief of
pain, whereas others, with a similar pain condition, report less than 20% relief
(unpublished observations).

Despite its use for over twenty years, TENS is still administered on an empirical
basis because it is impossible to determine whether a patient will respond prior to
treatment. Prediction of response would not only be of value in the clinic, but may
help understand treatment failure and the development of tolerance to TENS
analgesia. The optimal electrical characteristics of TENS for various pain conditions
remains unknown, and the patient is usually advised to experiment with stimulator
settings until satisfactory relief is obtained. Few studies have systematically
investigated the analgesic effects of different TENS characteristics. Therefore some
patients may not be utilising the optimal electrical characteristics of TENS for their
particular pain condition. Furthermore, information on the electrical settings used
by patients successfully controlling pain is limited.

Hence, the aims of the project were to investigate:
(1) The clinical factors which optimise TENS efficacy by studying, in depth the
use of TENS by patients successfully controlling chronic pain.
(1) The analgesic effects of different electrical characteristics of TENS in healthy
subjects.
(iv) The effect of TENS on electrophysiological and neuropharmacological
variables. |
(v) The factors related to patient response to TENS.

It was hoped that the results of this work would improve TENS efficacy by:
(i) optimising the electrical characteristics of TENS used by patients,
(i1) elucidating the mechanisms of TENS analgesia and treatment failure,
(i11) designing new and therapeutically more powerful electrical stimulators.
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CHAPTER 2
THE CLINICAL USE OF TENS

INTRODUCTION

Despite the large number of clinical trials which confirm the effectiveness of TENS in
the treatment of a wide range of acute and chronic pain conditions (Table 1.2a and b),
information on the long-term clinical efficacy of TENS is limited (for summary see
Table 2.1). Thus, uncertainty remains as to the number of patients who either fail to
respond, or drop out of TENS treatment after a period of time.

Long-term efficacy of TENS

Bates and Nathan [1980] examined TENS efficacy in 235 patients with a variety of
chronic pain conditions and found that approximately 30% of patients initially failed to
respond to treatment. After 32 weeks, only one third of the patients who imitially
responded to treatment continued to use TENS, the proportion dropping to one fifth
after 2 years. Similarly, Loeser et al. [1975] found that while 68% of patients (out of a
total of 198) obtained short-term relief with TENS, this proportion fell to 12.5% after
one year. Eriksson et al. [1979; 1984] found that patient response to TENS depended
upon the type of pain, and that varying proportions of patients (18-82%) had effective
relief after 2 months and 18-60% after a year. However, approximately 55% of
patients obtained short-term relief of pain with TENS (2 month follow-up); 41% at the
1 year follow-up and 30% at the 2 year follow-up. These studies suggest that a
significant proportion of patients drop out of TENS treatment between 2-12 months.
Furthermore, Eriksson et al. [1979] found that acupuncture-like TENS (AL-TENS)
produced analgesia in some patients who did not respond to conventional TENS.

The treatment of acute pain by TENS often takes place in a hospital ward (during
labour or post-operative pain), where staff trained in TENS techniques are available to
ensure correct TENS administration, and to monitor progress. For the treatment of a
chronic pain condition the situation is different, as the patient needs to administer
treatment away from the clinic [Sjolund et al.1990].
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Thus, after instruction on the principles of TENS use by a therapist in a clinic, patients
must learn to master the TENS technique themselves, and administer the treatment as
appropriate. Information on the treatment regimes used by patients controlling a
chronic pain condition with TENS is limited.

Criteria for deciding to use TENS
Patients attending Newcastle Pain Relief Clinic (NPRC) have usually been referred by
their general practitioner (GP), and many have tried a variety of treatments to control
the pain condition. Two main criteria are used in deciding whether to administer TENS
[Thompson personal communication]:
(1) The patient's pain has failed to respond to other treatments, e.g. non-steroidal
anti-inflammatory drugs (NSAIDS), weak opioids, antidepressants.
(i1) The patient's pain 1s difficult to treat by other methods, e.g. deafferentation,
post-herpetic neuralgia, phantom and stump pain.

Instruction to new patients
At Newcastle Pain Relief Clinic new TENS patients undergo an hour's trial of TENS
in the clinic for three reasons:
(1) to observe any immediate response to TENS,
(11) to observe any adverse reactions (including aggravation of the pain condition),
(111) to fully instruct the patient on stimulator use.

Nurses trained in TENS techniques instruct the patient on stimulator use as follows:
1. Apply electrodes to produce electrical paraesthesia (‘tingling') within the painful
area. Occasionally, for reasons of non-response, pain aggravation, or sensitive
skin, this is not possible and electrodes are then applied:

(a) immediately proximal to the painful site,

(b) at the contralateral (‘'mirror image') site,

(c) straddling the spinal cord at the dermatome related to the painful region.
2. Initially use continuous mode TENS.
3. Set all controls (pulse amplitude (current intensity) and pulse frequency) to
minimum setting.
4. Increase pulse amplitude (intensity) to a 'strong but comfortable' level.
S. Increase pulse frequency to maximal comfortable level.
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6. If insufficient pain relief is obtained, try increasing pulse intensity, or use burst
mode TENS. |

7. Patients are encouraged to experiment with all stimulator settings and hunt for the
most appropriate setting during each treatment session.

Under certain circumstances, burst mode TENS utilised as acupuncture-like TENS
(AL-TENS) may be the first treatment choice (see Chapter 3 and Sjolund et al.
[1990]). After this hour's tnal, the patient administers TENS at home, prior to
returning to the clinic (usually within two months) for further assessment. Patients not
responding to TENS treatment return the stimulator, and a different treatment is tried.
Those responding to TENS treatment are provided with a stimulator on loan from the
clinic.

TENS variables related to treatment outcome
When TENS is used to treat a patient's pain, a number of important variables related to
the patient, and to the stimulator, may influence treatment outcome. These include:
(1) Patient variables: age, sex, cause and site of pain, personality, use of drugs and
TENS treatment regime (1.e. how often TENS is administered).
(i1) Srimulator variables: model of stimulator, site of electrodes, pulse waveform,
pulse frequency (Hz), pulse pattern, pulse amplitude (current intensity) and pulse
width (us).
(u1) Outcome variables: TENS analgesic efficacy, onset of analgesia, post-TENS
analgesia and adverse effects.
Although it has been well documented that TENS efficacy is dependent upon the
electrical characteristics of stimulation (i.e. pulse frequency, pulse pattern, pulse
width, stimulating mode and electrode placement; for review see Woolf [1989]), there
have been few reports of the actual electrical characteristics of TENS used by patients.
Linzer and Long [1976] were able to monitor the electrical characteristics of TENS in
only 23 patients suffering from chronic pain who obtained satisfactory TENS
analgesia. They found that 74% of patients utilised pulse frequencies below 60Hz,
74% of patients utilised pulse widths between 50-100us and all patients who achieved
relief produced a 'tingling' electrical paraesthesia within the area of pain. Thus the
group concluded that the success rate with TENS could be improved by careful
attention to electrode placement, stimulating variables and patient education.
Mannheimer and Carlsson [1979] found that 'conventional' TENS delivered at a
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frequency of 3 Hz, was less effective in suppressing pain than 'conventional' TENS at
70 Hz for patients with rheumatoid arthritis. However, the delivery of low frequency
(3Hz) trains or 'bursts' of pulses at high intensity (acupuncture-like TENS), has been
shown to be beneficial for patients not responding to conventional TENS [Eriksson et
al. 1979] .

Wolf et al. [1981] attempted to determine optimal electrode placements and stimulating
parameters while treating chronic pain patients with conventional TENS, administered
at the clinic in 30-45 minute sessions. No clear correlations between electrode
placements, stimulating parameters and pain relief were found, although TENS did
reduce pain intensity scores. The group concluded that a patient's psychological profile
may help to determine who would benefit from TENS. Johansson et al. [1980] found
that the Eysenck Personality Questionnaire (EPQ) which records traits in personality
(i.e. psychoticism, extroversion, neuroticism and an internal consistency 'lie’
measure), may be predictive of outcome to TENS treatment. Recently Houlton et al.
[1990] assessed the use of TENS 1n a population of chronic pain patients who had last
attended the clinic over 3 years prior to the study. Of 189 q