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ABSTRACT

The purpose of this study was to evaluate the most effective
electrotherapy wavefora, in the treatment of mechanical low back pain,
by comparing a Relief Pulse waveform to that c¢f Transcutaneous
Electrical Nerve Stimulation waveforsm, in coabination with a
chiropractic lumbar roll adjustment. This was accomplished by means of

objective and subjective assessaents.

This study was conducted by means of a clinical trial with two
experimental groups. Thirty subjects who suffered from mechanical low
back pain were chosen froa a general population who responded to
advertisements within the greater Durban area. Each of these subjects
had to suffer from chronic (longer than 6 weeks duration) posterior
facet gyndrome, Maigne's syndrose and/or Sacro-iliac syndrome and were
exaeined by the researcher in order to be excepted into the study. Each
subject was treated ten times over a one month period. Subjects in one
group received TENS treatment for ten minutes followed by a lumbar roll
adjustment. Subjects in the other group received Relief Pulse treatment
for ten minutes followed by a lumbar roll adjustaent. The subjective
assess@ent was by means of 3 questionnaires which are widely accepted in
the research cossunity namely: Oswestry Low Back Pain Disability
Questionnaire, Numerical Rating Scale 101 and Short-Fora McGill Pain
Questionnaire. The objective assessment was measured by means of a
pressure algometer (a pain threshold =meter) w=sanufactured by Wagner
Instruments and a low back range of motion goniometer (BROM-Back range
of motion instrument) msanufactured by Performance Attainment Associates.
The results which were obtained were then statistically analyzed using
the Mann-Whitney U-test (inter-group comparison) and the Wilcoxon Signed
rank test (intra-group comparison). Bar charts were created using the

medians obtained.

The study concluded that neither waveform in combination with

chiropractic adjustment proved to be more effective than the other.
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The subjective assessménts which were obtained by the questionnaires
showed that both groups improved equally in terms of pain reduction. The
objective assessments showed that TENS proved more beneficial in
increasing the pain tolerance. Neither waveform proved more beneficial

than the other in terms of increasing the subjects low back range of

motion.
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DEFINITION OF TERMS

chi ic Adi
A specific fors of direct articular manipulation, utilizing a short
lever, and characterised by a dynamic, forceful, high velocity thrust of
controlled amplitude (Kirk et al, 1991: 228).

The diagnosis, treatment and prophylaxis of functional disturbances of
particularly the spine and pelvis (Gatterman 1980: xv).

Electrotherapy

The treatment of disease by means of electricity (Dorland’s Medical
Dictionary: 538).

A side-lying adjustment using a2 mamilliary contact in order to restore
lateral flexion and/or rotation in the lumbar spine (Gattersan 1980:
143).

Lumbar Facet Syndrome

Low back pain due to zygapophyseal joint dysfunction and inflasmation
which causes local or referred pain (Gatterman 1980: 161).

Maigne's Syndrome

Joint dysfunction in the T12 and/or L1 facet joint which causes superior
cluneal nerve irritation with subsequent pain over the iliac crests
(Kirkaldy-Willis & Burton 1982: 161).

Mechanical Low Back Pain

Pain due to mechanical dysfunction of the joints of the lower spine
(Kirkaldy-willis & Burton 1992: 161), in this study it included
dysfunction of T12-L5 and Sacro-iliac joints.

Most Effective

A change, which is the greatest in quantity or intensity produced by an
action or cause (Hawkins 1988: 256). In this study it was the wavefors

that produced the greatest pain relief in the same period of time.
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i .
Measurements taken to assess patients’ clinical improvement by using
their external senses (Dorland’s Medical Dictionary: 1164).
Belief Pulse

An electrotherapy device which simulated nerve action potentials in

order to decrease pain and swelling in joints (Relief Pulse Users
Manual: 2).

Dysfunction of the Sacro-iliac joints causing local or referred pain
(Gatterman 1880: 114).

Subjective

An individuals perception of treatment and improvement (Hawkine 1988:
815).

IENS

Transcutaneous electrical nerve stimulation utilised for the relief of
chronic pain (Gattersan 1880: 345).



CHAPTER 1

Since the dawn of time, man has strived to find ways to rid himeelf of
pain. It appears that the use of electrical current for therapeutic
applications began in the time of Socrates (as early as 2750 B.C). The
earliest documented case belonging to Scribonius Lorgues in the first
century AD, who used an electrical torpedo fish on a patient suffering
froa chronic headaches. (Gatterman 1980: 345; Neumann 1993.) A Greek
physician, AEtius, was also reputed to have treated patients suffering
from gout with a torpedo fish around the same period. (Neumann 1993)
lluch time passed with little occurring in the field of electrofherapy,
however in the ®iddle of the 18th century Pieter Van Hussenbroek
discovered that electricity could be stored in what has come to be known
as a Leyden jar, and the possibility of using electricity within
treatment protocols was once again explored, as it had become possible
to give relatively controlled electrical treatments. (Baldry 1988: 1-
10; Neumann 1983.) The Reverend John Wesley used the Leydon jar to treat
illness amongst his parish. In 1745 a german physician, Krotzenstein,
wrote the first book on electrotherapy. The therapy was certainly crude
by today's standards, with the patient seated on a wooden stool and the
electrical current being generated by a revolving frictional glass
globe. However because of the indiscriminate use of electrotherapy, this
led to it becoming discredited. Dr Golding-Bird, at that time a
physician at Guy's hogpital recommended that it be confined to mainly
neurological problems (Neumann 1993). Largus hospital, headed by Dr
Golding Bird was the first hospital in 1840 to have an electrical
department within the physical therapy ward (Shriber 1981: 1-7).

The understanding of electrophyaiology progressed rapidly over the next
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100 years but electrical treatment remained relatively under-

investigated (Gatterman 1980: 345),

That was until in 1965, Melzack and Wall published their "Gate - Control
Theory", in which they attesmpted to explain the physiological mechanisms

by which electrotherapy worked. (Gatterman 1990: 345; Neusmann 1983.)

1.2 THMPORTANCE OF THE STUDY

Practitioners treating low back pain are confronted with one of the most
difficult and troublesome of conditions. Taking part in the health care
of millions of people each year, unfortunately with very little to show
for our efforts. At best, non-operative treateent of low back pain still
rezains highly controversial. (Weinstein 1982: 1-2.) Back pain is within
epidenic proportions with as many as 70% to 80% of all adults being
affected during their lives (Deyo et al, 1991). The use of electrical
energy, electrotherapy, in the treatment of patients is a very important
part of physical therapy (Shriber 1881: 1). One of the greatest advances
in thé‘management of low back pain management has been the introduction
of Transcutaneous Electrical Nerve Stimulation (TENS).

It should be noted that TENS is a ter®m which should be applied to 2all
fores of electrical stimsulation that is applied through the use of
surface electrodes. However, today it appears that the tere is used only
for small portable stimulators that can be attached to clothing and
which are used for various time periode for the relief of pain.
(Gatterman 1980: 345.) Devices that generate many wavefores havg been
developed by different manufacturers, often under the asaunptibn that
the new wave-fore will prove superior to the others (Ottoson & Lundeberg
1988: 22; Gatterman 1990: 348). The electrical wave-forms have shown
wide variations in practice, with one clinic even giving patients a
variety of stimulators with different wave-forms in order to try to find
which one "suited" the patient best (Neumann 1993). Because the most
effective waveform has not yet been established, comparison of pain
relief with several units of different waveforms are needed (Gatterman
1990: 343-347). To date no systenatic analysis has been carried out on

the relative efficacy of the various waveforms in different pain
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syndromes, and it is therefore not possible to determine the most
effective pulse configuration (Ottoson & Lundeberg 1988: 22; Finlay
1992).

Electricity can help control spinal pain but, as with any isolated
measure, it may not be effective alone. It is therefore a physical
modality to be considered in combination with other forms of treatment.
(Mayer et al.: 1-12.) A study by Coxhead et 3)l., in 1981 suggested that
combination treatments were far more effective than just utilizing a
single treatment protocol (Frymoyer 1991: 1582). Unfortunately today
there is no one accepted treatment of patients with chronic pain as no
one treatment appears to be superior to another:(Caillet 1991: 304; Koes
et al., 1983). This study will evaluate the effectiveness of the
different waveforms by utilizing expertly developed survey
questionnaires. The information that is gathered will be fed back to the
physicians and to the patients. This should enable the physicians and
the patients to make better (more informed) decisions aboutbthe risks

and benefits of these electrical waveforms. (Weinstein 1982: 6.)

1.3 AIM
The aim of this study is to evaluate the efficacy of Relief Pulse in

comparison to the efficacy of Transcutaneous Electrical Nerve
Stimulation (TENS) both in combination with a chiropractic adjustment,-
the lumbar roll- in terss of objective and subjective assessment, in
order to detereine the most effective electrotherapy wavefore for the
treatment of Lumbar Spine Posterior Facet Syndrome, HMaigne’'s Syndrome

and/or Sacro-iliac Syndrome.

1.4 OBJECTIVES
The first objective is to determine the response of subjects to Relief

Pulse in coambination with a lumbar roll adjustment, in terms of
objective and subjective assessment, in order to determine the
effectiveness of this waveform in chiropractic managesent of mechanical
low back pain.

The second objective is to determiné the response of subjects to TENS

treatment in combination with a lumbar roll adjustment, in terms of
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objective and subjective assessment, in order to determine the
effectiveness of this wave-form in chiropractic management of

mechanical low back pain.

The third objective is to integrate the data from the first and second
objectives in order to determine which waveform, in cosbination with @
lumbar roll adjustment, is more effective in the m@management of

sechanical low back pain.



CHAPTER 2

VIEW OF THE REL!

2.1 INTRODUCTION

The incidence and prevalence of back pain, especially chronic low back
pain seems to be increasing. The accompanying;gconomic implications are
staggering with, as msuch as $12.9 billion dollars having been spent in
the U.S.A. during 1977 alone. (Deyo et al. 19291.) Electrotherapy is used
for treating a wide range of painful conditions, but back pain is the
most coamon condition which is seen in pain clinice around the world,
and hence is the most common application of electrotherapy (Deyo et al.
1990b). Even with studies taking place, unfortunately there is no one
accepted form of treatment for patients with chronic pain. It is
therefore vital that such energy and funding be channelled into low back
pain research. (Calliet 1991: 304.) In comparison with many recent
advances in medical sciences, most formes of electrotherapy are in fact
somewhat old (Gattermann 1990: 345). All forme of electrotherapy
(different variety of stimulators) have but one coamon purpose and that
is to stimulate tissues for therapeutic responses. (Kahn 1994: 2-75.) It
is clear that there is still considerable scope for improved design of
commercially available stimulators. There is also good evidence mounting
that each patient seems to prefer a unique pulse frequency to treat his
or her particular pain. (Johnson et al. 1991a.)

2.2 TREATMENT MODALITIES

2.2.1 ELECTROTHERAPY

Electrical generators of many types are utilized for clinical electrical
stimulation. Even today we are not certain how electrotherapy evokes
analgesia, however it is hypothesised, according to the gate control

theory proposed by Melzack and Wall in 1865 that electrotherapy induces
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analgesia by stimulating the peripheral nerve fibres (large diameter
afferent fibres AB) with low voltage electrical impulses through
electrodes placed on the skin. Thus inhibiting transaission of
nociceptive impulses within the spinal cord. Thus this theory proposes
a gating mechanisa at the spinal cord level which alters ascending
transaissions of nociceptive input. The gate is opened by increased
activity from small diameter nerve fibres, that transmit impulses to the
spinal cord and brain. The gate is closed by high levels of activity of
large diameter nerve fibres which inhibit pain transaission. As the skin
is heavily endowed with large diameter nerve fibres, it was Woolf in
1978, that suggested that this may indeed be the way in which
electrotherapy devices work (Kahn 1894: 35). Another theory which was
proposed by Newton in 1990 was that electrotherapy caused an increase in
the release of endorphins which are the body’s natural opiates (Kahn
1994: 37). In fact it was reported that electrotherapy did not alter the
pain threshold nor the B-endorphin levels, implying that electrotherapy
is largely placebo (Gatterman 1990: 346; Johnson et al. 1981b; Finlay
1992). No evidence exists to indicate that any one model, brand, or
system is suited to all cases (Kahn 1994: 85). Today these cutaneous
modalities are available for coafort, as well as pain relief and are all
low-risk techniques. They are also very easy to use and are relatively
inexpensive. Most patients welcome such modalities as they give theas a
non-drug sethod of controlling their pain. (McCafferty & Wolff 1892.)
TENS and Relief Pulse were the two types of electrotherapy which were
utilised in this study.

2.2.1.1 TENS
In 1987 the Medicare charges for TENS treatment amounted to more than

$40 million (Barr 1980). In 1986 the veterans administration spent
nearly $2 million on TENS units. And despite its widespread use and its
theoretical rationale, according to gate control theory, there is very
little evidence from controlled clinical trials of its efficacy in the
treatment of chronic back disorders, there is in fact growing evidence
against TENS’ efficacy in the treatment of chronic low back pain

(Frymoyer : 1574-1578). According to Weinstein in more than eleven
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studies using TENS only one was randomised. Most of these studies
involved low back pain conditions but they had a variety of diagnosis
and psychosocial features. Weinstein (1992: 49) reports that in the most
vigorous of TENS studies on chronic low back pain it appears that TENS
was no more effective than a placebo treatment. Stoddard (1879) believes
that the purpose of TENS is to increase the blood circulation. He
believes that this is of limited application on the spine. He does
however state that it may be useful in helping back pain which has not
yielded to any other method. (Stoddard 1979: 10-11; Coming & O’Leary
1887: 931; Rothman & Simeone 1882: 1958). A study at Newcastle Pain
Relief Clinic by Johnson et al. in 1992 in which they were looking at
long term TENS effectivenees showed that 67% of patients with low back
pain continued to use their TENS devices, this study howsver did not
determine the amount of pain relief experienced nor that the patients
were indeed using their units regularly. It appears that much enphasis
has been placed upon the Deyo ef al, study. In their study Deyo et al.
(1980b) reported that there were no clinically important or
statistically significant differences in the outcome of those subjects
who received TENS treatment and those who received sham TENS (placebo);
this study suggested that TENS was largely placebo. A study by Herman gt
al., in 1984 found like Deyo et al. (1980b), that no benefit of TENS in
low back rehabilitation could be found. Barr (1990) felt that the
optimal TENS treatment was not employed; he states that the frequency
used by Deyo et gl. (80 Hertz) has been shown to worsen the pain, he
suggested using 60 Hertz instead, as it is often found to allgviate
pain. Winter (1980) and Cornwill (1990) believed that Deyo’s résearch
was flawed because of the electrode placements, whereas Merry (1980)
felt that Deyo’s treatment duration was too short. Marchand et al.
(1993), tried to re-evaluate TENS treatment on low back pain, and found
that TENS was more effective than placebo-TENS in reducing the low back
pain intensity immediately after each treatment, as well as one week
after the end of the treatment. They found that TENS reduced the
perceived pain intensity more than placebo-TENS, however both reduced
pain unpleasantness equally. However, there was no significant

difference between the two groups three or six months after the
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treatment. These researchers stated that a large portion of TENS
treatment is placebo, but that placebo can be used advantageously within
a clinical setting, and hence TENS (even if largely placebo) should not
be discarded (Marchand et _al. 1993.)

According to Sotosky and Lindsay (1891), the appropriate application of
the unit, electrical parameters and patient adherence are all factors
which affect the effectiveness of TENS. They also believe that
frequency, amplitude and pulse duration (wave-form) are crucial
parameters and they that they may need to be individualised for each
patient’'s optimal response. Also other variables such as aetiology of
paein, chronicity of pain, the type of TENS equipment, types of
electrodes, frequency of the treatment and evaluation measures all
interfere with a clear cosparison of TENS studies. The biggest probles
facing researchere is that even if a study shows that TENS results in
greater reductions in pain than sham TENS, sceptics however, may
discount the treatment effect by arguing that TENS treatment only
resulted in a greater placebo effect. (Mendel & Fish 1981.)

Very little data today exists on the efficacy of Relief Pulse. In a
clinical trial on the prototype by Liggins in 1993, it was found that
Relief Pulse coapared well with pain relief obtained with the use of
TENS and Interferential therapy. However it was noted that Relief Pulse
was more effective than these two modalities in the case of deep seated
pain. It was aslso noted that several patients with shoulder pain said
that they preferred the Relief Pulse to Interferential current. It was
proven that Relief Pulse often reduced the pain quickly and the relief
obtained was sustained between treatments (Liggins 1993).This report
however used only 12 patients with different shoulder pain conditions.
No mention was made about electrode placement. The only evaluator was
the subjective numerical pain rating scale (NPRS), no objective measures
were recorded. In another clinical trial on the prototype with Relief
Pulse on painful knees it was found that 40% of the cases required only

one treatment to relieve pain completely, and 80% of the cases had



minimal pain by the end of two treatment sessions (Pillay 1883).

This study also utilized only 10 patients with knee pain, all varying in
their chronicity as well as diagnostic criteria. Again only NPRS was
utilized with no objective assessment being mentioned. The duration
between the treatments was also not mentioned. No data could be found on

Relief Pulse's efficacy in the treatment of low back pain.

The most effective electrotherapy waveform for analgesia has not yet
been established (Relief Pulse Users Manual: 8). To date there has been
little or no clear evidence of a physiologicai benefit of any specific
wavefora (Kahn 1284: 100-111).

Most TENS units favour biphasic waveformss, containing both a positive
(+) and a negative (-) phase (fig 2). Relief Pulse waveform as seen in
(fig 1) contains only a positive phase. (Fig 1 and 2 waveforme obtained
by placing electro-therapy devices on an oscilloscope.) In most
instances efforts are made to equalise the positive and negative phases
so as to have no electrochemical effect which is due to excessive
polarity (Kahn 1984: 100-111).

The TENS wavefors (fig 2) also appears to be more spiked, whereas the
Relief Pulse waveform (fig 1) is more square. Kahn (1294: 100-111)
states that in his experience, he has found that generally intense
stimulation with spike waves did not produce as long lasting relief as
that produced by a square or rectangular wavefors. This however could
not be validated by a study of any kind. It is reported that in a study
by Jensen et al. (1988) in Vienna, in which they tried to find the
optimal wavefors for TENS, that no waveform proved to be far superior to
another. They did this by stimulating the sympathetic nerves of fifty
patients and forty volunteers and recording rheoencephelographic
tracings. (Jaskovlak & Scahfer 1986: 284.) Johnson et al. (1991b)
attempted to find which frequencies and pulse patterns (i.e. waveforas)
patients were utilizing to treat their chronic pain, and found that each
individual patient preferred his: or her own settings. It was

hypothesised that pathology dictates the wavefors which is used.
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2.2.1.4 side effects of electrotherapy
An allergic skin reaction has been noted in 10% of patients undergoing
TENS treatment (Ottoson & Lundeberg 1988: 3-20). The majority are a
result of prolonged or excessive use of the machine. Inadequate
electrical contact between the electrode pad and the skin may result in
a micropapular eruption, furthersore failure to clean the electrode pads
with alcohol may give rise to these skin reactions. Some of the electro-
coupling gels contain irritants such as silicon oxide. Most of the skin
reactions or allergic reactions appear as a result of the gel type which
is used, such as methacrylate and propylene glycol. There doss not seem
to be any reaction to shavings from the carbon rubber electrodes.

(Marren 1881; Dwyer 1994.)

Of importance to this study is that a wavefora that is epiked,
generally, is more irritating to the skin and requires frequent soveaent
of the electrodes. As the waveform becomes a sine-wave the skin is less

irritated. (Kahn 1994: 1i1.)

Oedema is known to occur in patients who have had radiation treatment or
a mastectosy (Ottoson & Lundeberg 1988: 3-20). No explanation for this

could be found.

¢ Cardiac pace-maker (Demand-type)

e Carotid nerve stimulation

3 Laryngeal stimulation which may occlude the air-way

¢ During pregnancy (Ottoson & Lundeberg 1888: 3-20; Gatterman 1990: 346)
* Fresh fractures - This is to prevent unwanted movesent occurring

* Acute Haemorrhage

¢ Phlebitis (Kahn 1994: 76)

* Patients with thrombosis

¢ Used over affected areas of spreading cancer

* Epileptic sufferers .

e Not to use opposite.polarities on the temples (Relief Pulse Users

Manual: 1)
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2.2.2 SPINAL MANIPULATIVE THEBAPY

Although this study is not testing the validity or efficacy of manual
therapy, that being spinal wmanipulation, it is employed uniforaly
through out this study.

Manipulation has been shown to provide more immediate and more rapid
response to pre-episodic status than any other foras of care, especially
in patients suffering from chronic low back pain and those patients
which are younger than forty years of age (Koes gt al. 1993). In a very
coaprehensive study by Pope et al, (1984) in which they had a three week
trial of spinal manipulation, TENS, massage dhd corsets, it was foﬁnd
that there were significant reduction of low back pain (measured by
means of the visual analogue scales) in all treatment groupe
(manipulation, corset and massage) except for the TENS group. This
research implied that TENS was of no benefit in treating sub-acute low
back pain. Pope et al. (1994) conclude that in the past'few years,
various controlled studies of manipulation have been conducted. It has
been reported that even with small sample sizes, those who received
manipulation, experienced greater relief froe low back pain than those
who received sham manual treateent.

In this study the spinal manipulation was done equally to both groups,

8o no difference in results should be attributed to this form of care.

° Benign bone tumours (especially the aggressive types)ﬁ such as
Aneuryssal bone cyst, Giant cell tumour, Osteoblastoma and Osteoid
osteoma

e Spinal Cord Tunoqrs

¢ Dislocations

e Acute fractures

Acute inflammatory arthritis

Infection such as osteomyelitis or septic diskitis

Instability

¢ Haematoma of the spimal cord or intracanilicular
\

Malignancy
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¢ Meningeal tumour

o Myelopathy such as that caused by severe central herniation of nucleus
pulposus

o Radiculopathy with atrophy or severe muscle weakness

o Abdominal aortic aneuryse especially the dissecting type

o Cauda equina syndrome. (Gatterman 1980: 67-68; Wyatt 1992: 198-201.)

2.3 SUMBIARY

It appears that the efficacy of electrotherapy itself cannot be proved.
Many findings suggest electrotherapy to be largely placebo (Deyo et al.
1990b; Marchand et al. 1993; Meyler et al, 1984). This author assumed
that electrotherapy does indeed have an effect and set out to find a
more beneficial waveform in the treatment of mechanical low back pain.
However no study to date has proved that any one wavefor®m produced by
these devices is more beneficial than another. This research will

hopefully add to this body of knowledge, which at present, is needed.
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CHAPTER 3

The clinical trial was conducted over a one year period, between June
1985 and June 18968, at Technikon Natal Chiropractic Day Clinic in
Durban, South Africa.

Subjects with chronic low back pain, of at least 8 weeks duration, were
encouraged by advertisements in the Natal Mercury and on East Coast
Radio to attend the Technikon Natal Chiropractic Day Clinic and
participate in the research prograree. All servicee were offered free of

charge.

At the start of the screening process, a case history (Appendix A),
physical examination (Appendix B) and regional examination (Appendix C)
were conducted and if deemed necessary X-rays were taken.

Eligible subjects completed the Informed Consent Fore by signing and
dating it as required by the Helsinki convention. Oswestry Low Back Pain
Disability Questionnaire (Appendix E)(Fairbank et al. 1980), Numerical
Rating Scale 101 (Appendix F)(Jensen et al. 1986) and Short-Fors McGill
Pain Questionnaire (Appendix G)(Melzack 1987) were cospleted by'tho
subject before consultations one, five and ten. The pain tolerance of
the subject was assessed with the use of a pressure algometer before
each treatment and was re-assessed after each treatment (Appendix H), as
was the subject’'s low back range of motion assessed with the use of a
goniometer before and after each treateent (Appendix I).

Thirty subjects took part in this study. The subjects were randomly
divided into two equal groups. This was done by allowing a blinded
subject to pick a letter out of a box.
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The study involved treating each subject ten times over a one month

period i.e. three times per week.

Subjects in one group received TENS treatment for ten minutes followed
by a spinal adjustment. Subjects in the other group received Relief
Pulse treatment for ten minutes followed by a spinal adjustment.

If the patient became asymptomatic they received ten minutes of
electrotherapy frog the respective device and did not have a spinal

adjustment. (Till, Personal coammunication 1293).

3.2 SURIECTS

Only subjecte suffering from Posterior Facet Syndrome of the lusbar
spine (Gatterman 1980: 115-117), WMaigne’s Syndrome (Gatterman 1980)
and/or Sacro-iliac Syndrome (Gatterman 1980: 115-117), were included in
this study.

If any of the subjects suffered fros conditions which were
contraindicated to electrotherapy and/or spinal manipulative therapy,
they were excluded from the study. Subjects suffering from Nerve root
entrapsent, such as a lusbar disc herniation, central canal stenosis
and/or lateral canal stenosis in the lumbar spine were not included in
the study.

R

3.2.1 DIAGMNOSTIC CRITERIA

Sacro-Iliac Syndroae:

 Pain is typically unilateral, dull in character, and is located over
the buttocks.

¢ Pain may radiate posteriorly down the thigh or to the groin and
anterior thigh.eOccasionally it may extend down the lateral or posterior
calf to the ankle, foot, and toes.

e A positive FABERE test. To perform a FABERE test the subject lies in

the supine position , flexes his leg and places the foot to the opposite
knee. The researcher then stabilizes the opposite anterior superior
iliac spine and presses down on the knee being tested. A positive test

results in sacro-iliac pain. (Cipriano 1991: 91.)
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o There is often associated joint dysfunction (fixation) on motion
palpation. With the subject standing, to palpate a flexion fixation, the
researcher places one thumb over the second sacral tubercle and the
other over one posterior inferior iliac spine. The subject then flexes
the ipsilateral thigh and knee to the chest. With norsal motion, the
thumb over the posterior inferior iliac spine moves downward one to two
centimetres. To palpate an extension fixation, the researcher places one
thueb on the sacral apex and the other over the ipsilateral ischial
tuberosity. If movement is normal as subject flexes thigh the ischial
tuberosity will move laterally one to two centimetree. Loss of this
noreal motion indicates joint dysfunction.(eat{erman 1880: 118-122.)

o Pelvic compreseion often causes sacro-iliac pain. This test is
perforned with the subject lying on his side, the researcher then exsrte
a strong downward pressure on the ilium. This teet is repeated
bilaterally. (Cipriano 1981: 79.)

° Yeoman's test may be positive causing pain in the sacro-iliac joint.
This test is performed with the subject prone, the researcher flexes the
patient’s leg and extends the thigh (Cipriano 1881: 77)

(Qattersan 1880: 115-117.)

Posterjor Facet Syndrome:

e Low back pain radiating into the groin, hip, buttock, and often the
leg, in most cases above the knee.

° Axial compression (Kemp's test) will cause pain at the area of
involvement. This test is preforsed with the subject standing, the
researcher actively bends the dorsolumbar spine obliquely and backward
(extension). (Cipriano 1891: 67.)

o There is often joint dysfunction (fixation) at the involved level.
This is assessed using motion palpation with the subject seated and
facing away from the researcher, the palpating thumb is placed against
the side of the spinous process, and for lumbar rotation, the subject is
rotated to the extreme of range of motion toward the ipsilateral side,
this procedure is then repeated bilaterally and at each segmental level.
For lumbar lateral flexion, the same contact is used as above but the

subject is laterally flexed ipsilaterally. To palpate for a flexion or
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extension fixation. the subject is seated in front of and facing away
from the researcher, a palpating thumb is placed between the spinous
processes, when the subjeét is extended the spinous processes should
approximate and when flexed the spinous processes should separate. Loss
of this normal motion indicates joint dysfunction. (Schafer & Faye 1988:
217; Gatterman 1980: 142-147.)

Maigne's syndrome:

o Referred pain to iliac crest, lumbo-sacral, sacro-iliac, gluteal or
trochanter areas. Freguently no local pain.

o Joint dysfunction Ti2-L{1 on motion palpati&n, This is asesessed uéing
potion palpation with the subject seated and facing away from the
researcher, the palpating thusb is placed against the side of the
spinous process, and for lumsbar rotation ,the subject is rotated to the
extreme of range of motion toward the ipsilateral side, this procedure
is then repeated bilaterally and at each segmental level. For luambar
laterﬁl flexion , the same contact is used as above but the subject is
laterally flexed ipeilaterally. To palpate for a flexion or extension
fixation. the subject is seated in front of and facing away froe the
researcher, a palpating thumb is placed between the spinous processes,
when the subject is extended the spinous processes should approximate
and when flexed the spinous processes should separate. Loss of this
norsal motion indicates joint dysfunction (Gatterman 1880: 142-147.)

o Pain on skin rolling over area of cluneal nerves. (Maigne 1972.)

3.3 ETHICS

No patients with any contraindications to the electrotherapy and/or
spinal manipulative therapy were allowed into the study. All patients
completed and signed the relevant informed consent (Appendix D)form as
required by the Helsinki convention. Radiation dosage was kept to a
minisum by limiting lumbar x-rays to only one set per patient. X-rays

were taken only if deemed necessary by the researcher.
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3.4 INTERVENTION
Subjects in one group received TENS treatment for ten minutes followed

by a spinal adjustament. Subjects in the other group received Relief
Pulse treatment for ten minutes followed by a spinal adjustment. As it
was found by Wang et al, (1982) that five to ten minutes of TENS caused

the analgesic effect to reach a statistically significant level.

Four electrodes were used in both groups, with the electrode placement
being tﬁe same for each patient. Channel 1 electrodes were placed with
one electrode on the right hand side on the erector spinae muscle at the
level between the spinous processes of Ti12 ana Li, the other electrode
was placed just below the right hand side Posterior Inferior Iliac Creet
(PSIS). Channel 2 electrodes were placed with one electrode on the left
hand side on the erector spinae muscle at the level between the spinous
processes of T12 and Li, the other electrode was placed just below the
left hand side PSIS. This is called the parallel pattern placement.
(Kahn 1984: 111.)

Patients were warned to expect a mild tingling seneation. The chosen
electrotherapy apparatus’s intensity was then increased to the subjects
tolerance, i.e. a fire tingling sensation.

The Relief Pulse group’s therapy was delivered by a Relief Pulse (Mark
1) Dual Channel Unit (P.O. Box 14661, Sinoville, South Africa). The
electrodes were standard black carbon rubber electrodes with a self
adhesive tape on one side. The Relief pulse frequency is not édjustable
and is set at a frequency of 150 Hertz. (Relief Pulse User’'s manual: 3.)
" The therapy in the TENS group delivered by an ITO Dual Channel TENS
Model 1202 (Hi-Tech, 80 Moore road, Durban, South Africa). The
electrodes used by the TENS unit were the same set of electrodes used by
the Relief Pulse unit, as a study by Nolan in showed that commercially
available electrodes varied in their conductive properties. A continuous
frequency on the TENS was set at 150 Hertz. This is so that both groups
would experience 150 Hertz thereby the only difference between the 2

groups would be the wavefora that eéch device generated.
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After ten minutes of electrotherapy the patient was then manipulated
according to the diversified method at the vertebral level which was
predetersined by the regional examination, using m®motion palpation
procedures and relevant orthopaedic tests ‘(Schafer & Faye 1988: 189,
283).

The spinal adjustment was preformed by placing the patient in the
lateral recumbent position with the involved (problematic) area facing
upward. The patient’'s uppermost knee is flexed. The patient’s uppermost
shoulder is then supported with the practitioner’s stabilizing hand. The
practitioner’s contact hand is placed either on the mamilliary process
of the involved lumber vertebrae or on the posterior inferior ilisc
spine in the case of upper sacro-iliac involvesent, or on the ischial
tuberosity in the case of lower sacro-iliac involvement. A high velocity
impulse is delivered through the contact hand which is reinforced by
seans of a body drop. (Schafer & Faye 1882: 283.)

The predetersined 1levels were adjusted only once per treatment,

irrespective of wether an audible cavitation was heard.

The subjective assessment was by means of three questionnaires which are
widely accepted in the research cosmsunity namely: (i) Oswestry Low Back
Pain Disability Questionnaire (Appendix E)(Fairbank ef al. 1980) which
is used to indicate the extent to which a person’s functional level is
réstricted by pain, (ii) Numerical Rating Scale 101 (Appendix F)(Jensen
et al. 1988) which is used to rate the overall severity of pain4and
(1ii) Short-Form McGill Pain Questionnaire (Appendix G)(Melzack 1987)
which was designed to provide a quantitative profile of pain, namely: to
evaluate pain therapies and as a diagnostic aid.

The objective assessment was measured by means of a pressure algometer
(a pain threshold meter) manufactured by Wagner Instruments (P.0.Box
1217, Greenwich, CT 06836) and a low back range of motion goniometer

(Brom II-Back range of motion instrulént) manufactured by Performance
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Attainment Associates (3600 Labore Road, Suite 6, St Paul. Mn, 55110-
4144),

Measurement of lumbar range of motion is considered to be an affective
objective method of assessing lumbar function (Breum et al. 19895). The
Back range of motion instrument (Brom II) is a device for measuring
lusbar mobility that uses the mechanisms based on the inclinometric
technique, in fact the Broa II device is a modified inclinometer.
Hleasurements were taken in the neutral position and at the end of range
of motion. To take the flexion and extension measurements, patients were
asked to stand with their feet fifteen centimetres apart and heels
aligned with a ruler, the extension arm of the flexion/extension unit
was placed at T12-L1 and held their firely by the researcher throughout
the manoeuvre. The upper contact point of the base unit was strapped
over the sacrum. The subjects were asked to maximally flex and extend
while keeping their knees straight. Measurements were read and recorded
off the protractor scale gauge on the base unit of Brom II. (Breum et
al, 1995.) '
To take the lateral flexion readings, each subject was asked to stand in
the neutral position as above. The rof;;ion/lateral flexion unit was
placed over Ti12-L1 and held their firmly throughout the manoceuvre. Each
subject was asked to bend towards the opposite side from the waist. When
the subject reached full lateral flexion, The researcher read and noted
the seasuresents from the protractor gauge. (Breus et al. 1925.)

To take rotation measurements, each subject was seated and the magnetic
booster was positioned over the sécrun, the rotation/lateral f;exion
unit was placed over T12-L1 and held their firmly throughout the
manoeuvre. The subject was then asked to rotate maximally to each side.
Readings were recorded froz the horizontally mounted compass device.
(Breum et al, 1995.) This procedure was done twice, at the beginning and
at the end of each treatment.

The norsal range of motion from the neutral position for lumbar flexion
is sixty degrees or greater, for lumbar extension it is twenty five
degrees or greater, for luabar latera; flexion it is twenty five degrees
or greater (Cipriano 1991: 49-53), for lusbar rotation it is from three

to eighteen degrees (Magee 1992: 255).
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A study by Breum et al. in 1995 has shown that Brom II is as accurate as
the double inclinometer method for measuring lusbar flexion, and lateral
flexion, however they feel that it is not a reliable device for

measuring extension nor rotation.

To take the pain threshold readings using an algometer, the patient was
asked to lie prone and identify the maximum pain area with one finger.
The researcher then palpated the painful area with his finger to
identify the point of maximum sensitivity. A skin pencil was then used
to mark this area. The gauge with it's rubber plunger placed on the
marked painful area is placed at ninety degreesfto the skin. The patient
wae asked to say “ yes* when discosfort was felt. The pressure was
increased at an even rate by counting “one and thousand, two and
thousand" and so on. The pressure was stopped immediately as the patient
said "yes®, the gauge was removed and the pressure read off the gauge
and recorded. This procedure was done before and after each treatment.
(Fischer 1988.) It has been found that pain-free subjects had pain
thresholds of 5.7 Kg/ce2 (for woman), 8.0 Kg/ce2 (for males) on the
lumbar paraspinals and 6.0 Kg/ca2 (for womanf#;nd 6.4 Kg/ce2 (for males)

on gluteuls. (Fischer 1988.)

The subjective anslysis was by wmeans of the Oswestry Low Back Pain
Disability Questionnaire (Appendix E), Numerical Rating Scele 101
(Appendix F) and Short-Fora McGill Pain Questionnaire (Appendix G). All

questionnaires were answered before treatsents one, five and ten.

The Oswestry Low Back Pain disability questionnaire indicates the extent
to which a person’s functional level is restricted by pain. Subjects
were asked to complete the questions truthfully. The questionnaire is
divided into ten sections, each containing six items. The subject marks
the statement in each section that most accurately describes the effect
of their pain. If two items were marked then the more severe was scored.
Each section scores fall on a O to 5 scale, with the higher values
representing greater disability. The sum of the ten scores was expressed

as a percentage of the maximum score.
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If the patient failed to complete a section, the percentage score was
adjusted accordingly. (Fairbank et ale¢1980; McDowell & Newell 1987: 239-

241.)

The numerical rating scale 101 questionnaire was used to rate the
overall severity of pain. A visual analogue scale is a horizontal
straight line, which is ten centimetres long and represents the
continuus of the severity of the pain. Each end of the scale was marked
with labels that indicated the range being considered. A zero indicated
“no pain at all" and one hundred indicated "pain as bad as it could be".
The subject was asked to place a mark oh the line at a point
representing the severity of pain when it was at ite worst and agsin on
the following scale when the pain was at its least. The marke were then
Beasured on a ruler in millimetres. The sum of the two anewers were then
converted to a percentage value. (Jensen gt _al, 1986; McDowell & Newell
1887: 235-238.)

The Short-Fore McGill pain questionnaire was used to provide a
quantative profile of pain. Subjects were asked to rate each type of
pain descriptor on the questionnaire. The display revealed the following
descriptors of pain: throbbing, shooting, stabbing, sharp, craaping,
gnawing, hot-burning, aching, heavy, tender, splitting, tiring-
exhausting, sickening, fearful and punishing-cruel. Each pain descriptor
was marked using the columns labelled none, mild, moderate and severe.
The marks were then scored by using a pain rating intensity score which
Qsed scale values. The sum of the chosen scale values were then added
and converted into a percentage value. (McDowell & Newell 1987: 243-248;
Melzack 1987.)

3.6 STATISTICAL ANALYSIS
The data collected from Oswestry Low Back Pain Disability Questionnaire

(Appendix E), Numerical Rating Scale 101 (Appendix F) and Short-Fors
McGill Pain Questionnaire (Appendix G) on treatments one, five and ten
were converted to percentage values. The algometer and goniometer

readings of treatments one, five, and ten only were recorded as values
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(De Klerk, Personal communication 1995; Worku, Personal comeunication
1996). All of these values were statistically analyzed using the
computer package called Statgraphics Plus Version 6 (by Manugistics: Inc.
2115 East Jefferson Street, Rockville, Maryland, USA). Wilcoxon’s Signed
Rank Test (used for Intra group comparison) and Mann-Whitney's U-test
(used for Inter Group Comparison) were used. The Wilcoxon Signed Rank
test and the Mann-Whitney U test are both nonparametric tests, which
allows them to be better suited to emall sample groups such as those
participating in this study. (Daniel 1978: 31, 82.)

The Median for the MNumerical Rating Scale 101, Short-Fore McGill Pain
Questionnaire (treatment one, five and ten, before treatment only) and
pressure algometer readings (treatment one, five and ten, before and
after treatment) was used, and the information obtained was presented
graphically in the form of bar charts. Median measuresents were used as
they are more accurate for s@all samples (Worku, Personal communication '
1996) .

These results are presented in the next chapter.
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CHAPTER 4

In this chapter the data which was collected %roa the Relief Pulse and
the TENS group during consultations one, five and ten was statistically
analyzed. The TENS group received TENS for ten minutes followed by a
spinal manipulation, whilst the Relief Pulse group received Relief Pulse
for 10 minutes followed by a spinal manipulation. Cbjective data such as
that obtained from the pressure algometer (Appendix H) and the back
range of motion goniometer (Appendix I} as well as subjective data
obtained froa Oswestry Low Back Pain Disability Questionnaire (Appendix
E), Numerical Rating Scale 101 (Appendix F) and Short-fFore McGill Pain
Questionnaire (Appendix G) wae used for the statistical analysis.

The Wilcoxon Signed Rank Test was used for intra-group comparisons while
‘Mann-Whitney's U-test was used for inter-group coaparisons. The
diagnostic and age distributions were tabulated as pie charts. Suemary
statistics of the medians of the Numerical Rating Scale 101, Short-Form
McGill Pain Questionnaire (treatment one, five and ten, before treatment
only) and pressure algometer readings (treatment one,five and ten,
before and after treatment) were used to‘draw bar graphs.

Each questionnaire was discussed individually, and followed the
following format: Wilcoxon Signed Rank Test for TENS, Wilcoxon Signed
Rank Test for Relief Pulse and lastly by the Mann-Whitney U-test. This
format was also used for the objective assessments. The level of
significance was set at a is 0.05 (Daniel 1987: 31-37; Oyster et al.
1987: 149.)
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“};E;};é;;;_“““"”“ z-VALUE b-VALUE
i to S 2.06559 0.01943
5 to 10 2.21880 0.00066
1 to 10 2.40535 0.00080

The null hypothesis for the treatments 1 to 5 is rejected therefore the
subjects improved.
The null hypothesis for the treatments 5 to 10 is rejected therefore the
subjects improved.
The null hypothesis for the treatments 1 to 10 is rejected therefore the

subjects improved.

L7 AT e 7 T

TREATHMENT z-VALUE p-VALUE l
1 0.81144 0.20855 i
S 1.74714 0.04030
i0 0.42851 - 0.21475

The null hypothesis for treatment 1 ie accepted therefore their is no
significant difference between the subject’s median pain in both groupe.
Hence the groups are comparable.

The null hypothesis for treatment 5 is rejected therefore their is a
difference between the subject’s median pain between the two groups.
The null hypothesis for the treatment 10 is accepted therefore their is
no significant difference between the subject’s median pain in both

groups. Hence the groups are comparable.



TREATHENTS Z-YALUE B p-VALUE
1 to 1.76777 0.03854
S5 to 10 1.80907 0.03522
1 to 10 1.80907 0.01781

The null hypothesis for the treatments 1 to 5 is rejected therefore the

subjects improved.
The null hypothesis for the treateents 5 to 10 is rejected therefore the
subjects improved.
The null hypothesis for the treatments 1 to 10 is rejected therefore the

subjects improved.

TREATMENTS w’?-VALUE p-VALUE
1 to S 1.44338 0.07445
5 to 10 2;21359 0.01342
1 to 10 3.3282 0.00043 -

The null hypothesis for treatments 1 to 5 is accepted therefore the
subjects did not improve.

The null hypothesis for the treatments 5 to 10 is rejected therefore the
subjects improved.

The null hypothesis for the treatments 1 to 10 is rejected therefore the

subjects improved.



rmmTREATMENT Z-VALUE p-VALUE
1 0.45871 0.32321
5 0.08378 0.46682

1.35866

0.08712

The null hypothesis for treatment 1 is accepted therefore their is no

significant difference between the subject’'s median pain in both groups.
Hence the groups are comparable.

The null hypothesis for treatment 5 is accepted therefore their is no
significant difference between the subject’s median pain in both groups.
Hence the groups are cosparable.

The null hypothesis for the treatment 10 is accepted therefore their is
no significant difference between the subject's median pain in both

groups. Hence the groups are coamparable.

TREATMENTS z-YALUE p-VALUE
1t 3.4744 0.00002
5 to 10 1.87083 0.03068

2.93987

l i to 10
e nu ypothesis for Ereatlenfs I EO g IS relecfa E“ere'ore E'%

subjects improved.

0.01641

The null hypothesis for the treatments 5 to 10 is rejected therefore the

subjects improved.

The null hypothesis for the treatments 1t to 10 is rejected therefore the

subjects improved.
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TREATMENTS 2-VALUE
1 to S 1.87083
S to 10 2.7735
i to 10 2.58199

The null hypothesis for treatments 1 to 5 is rejected therefore the
subjects improved.
The null hypothesis for the treatments 5 to 10 is rejected therefors the
subjects improved.
The null hypothesis for the treatments 1 to 10 is rejected therefore the

subjects improved.

ThEATMENT z-VALUE p-YALUE I

1 0.72699 0.23361 I

Eﬁ 5 0.41820 0.20910 ‘I
0.31164 0.37765

The null hypothesis for treatment 1 is accepted therefore there is no

significant difference between the subject’s median pain in both groups.
Hence the groups are comparable.

The null hypothesis for treatment 5 is accepted therefore there is no
significant difference between the subject’s median pain in both groups.
Hence the groups are comparable.

The null hypothesis for the treatment 10 is accepted therefore there is
no significant differgnce between the subject’s median pain in both

groups. Hence the groups are comparable.
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Isble X
Wilcoxon Signed Rank Test for the TENS group: (n=15)
TREATMENTS 2-VALVE p-VALUE
1 to S 1.1094 0.13362
S to 10 1.44338 0.07445
1 to 10 1.44338 0.00744

The null hypothesis for treatments 1 to 5 is accepted therefore the

subjects did not improve.
The null hypothesis for the treatments 5 to 10 is accepted therefore the
subjecte did not improve.
The null hypothesis for the treatments 1 to 10 is accepted therefore the

subjects did not improve.

TREATMENTS Z-YALUE p-VALUE ]
1 tob 0.5547 0.28954 I
5 to 10 0.51639 0.30278 I

1 to 10 0.26726 . 0.39463

The null hypothesis for treatments 1 to 5 is accepted therefore the
subjects did not improve.
The null hypothesis for the treatments 5 to 10 is accepted therefore the
subjects did not improve.
The null hypothesis for the treatments 1 to 10 is accepted therefore the
subjects did not improve.



TREATMENT 2-VALUE p-VALUE
1 0.08383 0.46659
E 5 1.20676 0.11376
i . 10 1.56117 0.05824

The null hypothesis for treatment 1 is accepted therefore there is no

significant difference between the subject’s median pain in both groups.
Hence the groups are comparable.

The null hypothesis for treatment 5 is accepted therefore there is no
significant difference between the subject’s median pain in both groups.
Hence the groups are coaparaeble.

The null hypothesis for the treatment 10 is accepted therefore there is
no significant difference between the subject’'s median pain in both

groups. Hence the groups are coaparable.

TREATMENTS Z-VALUE p-VALUE
i to S 0.28867 0.38641
5 to 10 2.40535 0.00080
1 to 10 2.93987 0.00016

+ﬁe null hypothesis Tor treatments 1 to 518 accep?ea therefore the

subjects did not improve.
The null hypothesis for the treatments 5 to 10 is rejected therefore the

subjects improved.
The null hypothesis for the treatments 1 to 10 is rejected therefore the

subjects improved.
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Jable XIV
, igned Rank Test for the Relief Pulse group: (n=15)
M— —— — —
TREATMENTS 2-VALUE | p-VALUE
1 to5 1.44338 0.07445
5 to 10 0.28867 0.38641
1 to 10 0 0.5

The null hypothesis for treatments 1 to 5 is accepted therefore the
subjects did not improve. L

The null hypothesis for the treatments S to 10 is accepted therefore the
subjects did not improve.

The null hypothesis for the treatments 1 to 10 is accepted therefore the

subjects did not improve.

E TREATMENT z-VALUE p-VALUE
1 0.43766 0.33081
5 1.60137 0.05464
10 1.97372 0.02420 ..

The null hypothesis for treatment 1 is accepted therefore there i§ no
significant difference between the subject’s median pain in both groups.
Hence the groups are comparable.

The null hypothesis for treatment 5 is accepted therefore there is no
significant difference between the subject’s median pain in both groups.
Hence the groups are comparable.

The null hypothesis for the treatment 10 is rejected therefore there is

a difference between the subject’s nédian pain between the two groups.
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TREATMENTS z2-VALUE p-VALUE

1 tob 1.0328 0.15084

g 5 to 10 0.26728 0.39463
. 0.21133

The null hypothesis for treatments 1 to 5 is accepted therefore the

subjects did not improve.
The null hybothesis for the treatments 5 to 10 is accepted therefore the
subjects did not improve.
The null hypothesis for the treatments 1 to 10 is accepted therefore the

subjects did not improve.

TREATMENTS z-VALUE p-VALUE I'
1 to S 2.40535 0.00080
5 to 10 1.33631 0.08072
1 to 10 1.6641 0.04804

The null hypothesis for treatments 1 to 5 is rejected therefore the

subjects improved.
The null hypothesis for the treatments 5 to 10 is rejected therefore the
subjects improved.
The null hypothesis for the treatments 1 to 10 is rejected therefore the

subjects improved.
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TREATMENT Z-VALUE p-VALUE
1 1.16698 0.12160
5 0.58746 0.77844
10 0.45875 0.32284

The null hypothesis for treatment 1 is accepted therefore there is no

significant difference between the subject’s median pain in both groups.
Hence the groups are cosparable.

The null hypothesis for treatment 5 is accepted therefore there ie no
significant difference between the subject’s median pain in both groups.
Hence the groups are coaparable.

The null hypothesis for the treatment 10 is accepted therefore there is
no sighificant difference between the subject’s median pain in both

groups. Hence the groups are coaparable.

TREATMENTS z-VALUE p-YALUE

i tod 2.065598 0.01943

1.44338 0.07445
0.51639 0.30278
reatments 0 8 reject erefore the

subjects improved.

The null hypothesis for the treatments 5 to 10 is accepted therefore the
subjects did not improve.
The null hypothesis for the treatments 1 to 10 is accepted therefore the

subjects did not inproQé.
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3 Signed Rank Test for the Relief Pul s

e ey e
TREATMENTS Z-YALUE p-VALUE
1 to S 2.93987 0.00016
5 to 10 0.26726 0.39463
1 to 10 1.6641 0.04804

[ e

The null hypothesis for treatments 1 to 5 is rejected therefore the
subjects improved.

The null hypothesis for the treatments 5 to 10 is accepted therefore the
subjects did not improve.

The null hypothesis for the treatments 1 to 10 is rejected therefore the

subjects improved.

E TREATHENT z-VALUE p-VALUE
i i 1.75086 0.03e98
E 5 0.49950 0.30870
10 0.31482 " 0.37644 .

The null hypothesis for treatment 1 is rejected therefore there is a
difference between fhe subject's median pain between the two groups.
The null hypothesis for treatment 5 is accepted therefore there is no
significant difference between the subject’s median pain in both groups.
Hence the groups are comparable.

The null hypothesis for the treatment 10 is accepted therefore there is
no significant difference between the subject's median pain in both

groups. Hence the groups are comparable.



TREATHMENTS Z-VALUE p-VALUE
1 to 5 0.60302 0.27324
5 to 10 0.35355 0.36183
i to 10 0.28867 0.38641

The null hypothesis for treatments 1 to 5 is accepted therefore the

subjects did not improve.
The null hypothesis for the treatments 5 to 10 is accepted therefore the
subjects did not improve.
The null hypothesis for the treatments 1 to 10 is accepted therefore the
subjects did not improve.

i
E TRé;:#ENTS z-YALUE p-VAE;EW
E 1 to S 1.1094 0.13762
E S5 to 10 1.6641 0.04804
i to 10 0.60302 0.27324 -

The null hypothesis for treatments 1 to 5 is accepted therefore the
subjects did hot improve.

The null hypothesis for the treatments 5 to 10 is rejected therefore the
subjects improved.

The null hypothesis for the treatments 1 to 10 is accepted therefore the
subjects did not improve.



Z-YALUE p-VYALUE
0.88361 0.18845
0.08548 0.46593

The null hypothesis for treatment 1 is accepted therefore there is no

significant difference between the subject’s median pain in both groups.
Hence the groups are cosparable.
The null hypothesis for treatment 5 is accepted therefore there is no
significant difference between the subject’s median pain in both groups.
Hence the groups are coaparable.
The null hypothesis for the treatment 10 is rejected therefore there is

a difference between the subject’s median pain between the two groups.

TREATMENTS Mmz -HVALUE p-VALUE
1to5 0.86602 0.19323
5 to 10 0.80178 : 0.21133
1 to 10 0.31622 0.37581

The null hypothesis for treatments 1 to 5 is accepted therefore the

subjects did not improve.
The null hypothesis for the treatments 5 to 10 is accepted therefore the
subjects did not improve.
The null hypothesis for‘the treatments 1 to 10 is accepted therefore the

subjects did not improve.
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TREATMENTS z-VALUE p-VALUE
1to5 0.26726 0.39463
5 to 10 0.31622 0.37591
1 to 10 0 0.5
i

The null hypothesis for treatments 1 to 5 is accepted therefore the
subjects did not improve. ;

The null hypothesis for the treatments 5 to 10 is accepted therefore the
subjects did not improve.

The null hypothesis for the treatments 1 to 10 is accepted therefore the

subjectes did not improve.

TREATHENT z-VALUE ] m;tVALUE
1 0.18141 0.42409
S 1.87175 0.02431
i0 1.31526 0.09421

The null hypothesis for treatment 1 is accepted therefore there is no

significant difference between the subject’s median pain in both groups.
Hence the groups are comparable.

The null hypothesis for treatment 5 is rejected therefore there is a
difference between the subject’s median pain between the two groups.
The null hypothesis for the treatment 10 is accepted therefore there is
no significant difference between the subject’s median pain in both
groups. Hence the groups are conparable.
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TREATMENTS Z-VYALUE p-YALUE
1 to 5 0 0.5
5 to 10 0.35355 0.36183

"1 to 10

The null hypothesis for treatments 1 to 5 is accepted therefore the

subjects did not improve.
The null hypothesis for the treatments 5 to 10 is accepted therefore the
subjects did not improve.

The null hypothesis for the treatments 1 to 10 is accepted therefore the

subjects did not improve.

TREATMENTS  -VALUE p-VALUE o
1t5 2.58199 0.00049
5 to 10 1.1094 0.13362
1t 10 2.58199 - 0.04911

The null hypothesis for treatments 1 to 5 is rejected therefore the
subjects improved.

The null hypothesis for the treatments 5 to 10 is accepted therefore the
subjects did not improve.

The null hypothesis for the treatments 1 to 10 is rejected therefore the

subjects improved.



TREATMENT Z-YALUE p-VALUE
1 0 0.5
5 1.44455 0.07429
10 2.40378 0.00081

The null hypothesis for treatment 1 is accepted therefore there is no

significant difference between the subject’'s median pain in both groups.
Hence the groups are coaparable.

The null hypothesis for treatment 5 is accepted therefore there is no
significant difference between the subject’'s median pain in both groups.
Hence the groups are comparable.

The nuil hypothesis for the treatment 10 is rejected therefore there is
a différence between the subject’'s median pain between the two groups.

TREATMENTS z-VYALUE - ) p-VALUE
1 tob 1.0328 - 0.15084
S to 10 0.26726 0.39463
1 to 10 0 0.5

The null hypothesis for treatments 1 to 5 is accepted therefore the

subjects did not improve.
The null hypothesis for the treatments 5 to 10 is accepted therefore the
subjects did not improve.
The null hypothesis for the treatments 1 to 10 is accepted therefore the

subjects did not improve.



42

Z-VALUE p-VALUE
1 to S 2.40535 0.00080
5 to 10 0.60302 0.27324
l—v i to 10 2.58199 0.00048

The null hypothesis for treatments 1 to 5 is rejected therefore the
subjects improved.

The null hypothesis for the treatments 5 to 10 is accepted therefore the
subjects did not improve.

The null hypothesis for the treatments 1 to 10 is rejected therefore the

subjecte improved.

TREATMENT Z-VALUE p-VALUE
1 0.33565 0.36856
S 1.15002 0.12506
10 2.42185 0.00077

The null hypothesis for treatment 1 is accepted therefore there is no
significant difference between the subject’s median pain in both groups.
Hence the groups are comparable.

The null hypothesis for treatment 5 is accepted therefore there is no
significant difference between the subject’s median pain in both groups.
Hence the groups are comparable.

The null hypothesis for the treatment 10 is rejected therefore there is
a difference between the subject’'s median pain between the two groups.



TREATMENTS Z-VALUE p- VALUE
1 to 5 0.26726 0.38463
S5 to 10 1.33333 0.08121
i to 10 0.28867 0.38841

The null hypothesis for treatments 1 to 5 is accepted therefore the
subjects did not improve.
The null hypothesis for the treatments 5 to 10 is accepted therefore the
subjects did not improve.
The null hypothesis for the treatments 1 to 10 is accepted therefore the

subjects did not improve.

fREATMENTS z-VALUE - p-VYALUE
1tob 1.54911 0.06066
S to 10 0.66668 0.25248
1 to 10 1.0328 0.15084

The null hypothesis for treatments 1 to 5 is accepted thereforé the

subjects did‘not improve.
The null hypothesis for the treatments 5 to 10 is accepted therefore the
subjects did not improve.
The null hypothesis for the treatments 1 to 10 is accepted therefore the

subjects did not improve.



TREATHENT Z-VALUE p-VYALUE

1 0.88086 0.16332
5 1.46899 0.07091
10 2.77483 0.00027

The null hypothesis for treatment 1 is accepted therefore there is no

significant difference between the subject’'s median pain in both groups.
Hence the groups are co@parable.
The null hypothesis for treatment 5 is accepted therefore there is no
significant difference between the subject’s median pain in both groups.
Hence the groups are coeparable.
The null hypothesis for the treatment 10 is rejected therefore there is

a difference between the subject's median pain between the two groups.

TREATMENTS Z-VALUE p-VALUE : i
1 tob 0 | 0.5
E‘ S5 to 10 1.0194 0.13362
i to 10 0.28887 0.38641

The null hypothesis for treatments 1 to 5 is accepted therefore the

subjecte did not improve.
The null hypothesis for the treatments 5 to 10 is accepted therefore the
subjects did not improve.
The null hypothesis for:the treatments 1 to 10 is accepted therefore the

subjects did not improve.



45

Jable XXXVIII
Wilcoxon Signed Bank Test for the Relief Pulse group: (n=15)
TREATMENTS T—‘;ALUE p-VALUE
1 to5 1.33631 0.09072
5 to 10 | 0 0.5
1 to 10 1.54919 0.06066

The null hypothesis for treatments 1 to 5 is accepted therefore the
subjects did not improve.
The null hypothesis for the treatments 5 to 10 is accepted therefore the
subjects did not improve.
The null hypothesis for the treatments 1 to 10 is accepted therefore the

subjects did not improve.

TREATMENT Z-VALUE p-VALUE ]

1 0.16775 0.43338 I

5 2.37056 0.00088 !
3.02572- 0.00012

The null hypothesis for treatment 1 is accepted therefore there is no

significant difference between the subject’'s median pain in both groups.
Hence the groups are comparable.

The null hypothesis for treatment 5 is rejected therefore there is a
difference between the subject’s median pain between the two groups.
The null hypothesis for the treatment 10 is rejected therefore there is

a difference between the subject’s median pain between the two groups.



I TREATMENTS z-VALUE p-VALUE
1 to S 1.44338 0.07445
5 to 10 2.26779 0.01167
1 to 10 2.84605 0.00022

The null hypothesis for treatments 1 to 5 is accepted therefore the

subjects did not improve.

The null hypothesis for the treatments 5 to 10 is rejected therefore the
subjects improved.

The null hypothesis for the treatments 1 to 10 is rejected therefore the

subjects improved.

E‘ TREATHENTS z-VALUE p-VALl.;E o l
1 to 5 1.6641 0.04804 I
5 to 10 0.35355 0.38183 I
1 to 10 1.1094 . 0.13362 ...

The null hypothesis for treatments 1 to 5 is rejected therefore the
subjects improved.

The null hypothesis for the treatments 5 to 10 is accepted therefore the
subjects did not improve.

The null hypothesis for the treatments 1 to 10 is accepted therefore the
subjects did not improve.



TREATMENT Z-VALUE p-VALUE
1 0.54174 0.32572
5 1.79582 0.03628
10 0.38211 0.35118

The null hypothesis for treatment 1 is accepted therefore there is no

significant difference between the subject's median pain in both groups.
Hence the groups are coaparable.

The null hypothesis for treatment 5 is rejected therefore there is a
difference between the subject’'s median pain between the two groups.
The null hypothesis for the treatment 10 is accepted therefore there is

no significant difference between the subject’'s median pain in both

groups. Hence the groups are comparable.

TREATHMENTS Z-VYALUE p-VYALUE |

i to S 1.20605 0.11389 ”

5 to 10 0 0.5

1 to 10 1.1094 0.13362

The null hypothesis for treatments 1 to 5 is accepted therefore the

subjects did not improve.
The null hypothesis for the treatments 5 to 10 is accepted therefore the

subjects did not improve.
The null hypothesis for the treatments 1 to 10 is accepted therefore the

subjects did not imsprove.
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2-VALUE  pvae
1 to S 2.2188 0.01325
5 to 10 1.1094 0.13362
t to 10 1.87083 0.03068
o

The null hypothesis for treatments 1 to 5 is rejected therefore the
subjects improved.

The null hypothesis for the treatments 5 to 10 is accepted therefore the
subjects did not improve.

The null hypothesis for the treatments 1 to 10 is rejected therefore the

subjects improved.

TREATMENT Z-VALUE p~VA1UE - 1
1 0.42236 0.33637
5 0.95977 0.16858
10 0.56050 0.28256

The null hypothesis for treatment 1 is eccepted therefore there is no
significant difference between the subject's median pain in both groups.
Hence the groups are comparable.

The null hypothesis for treatment 5 is accepted therefore there is no
significant difference between the subject’s median pain in both groups.
Hence the groups are comparable.

The null hypothesis for the treatment 10 is accepted therefore there is
no significant difference between the subject's median pain in both

groups. Hence the groups are comparable.



TREATHMENTS Z-VALUE p-VALUE

1 tod 1.6641 0.04804
S5 to 10 2.02073 0.02168
1 to 10 3.3282 0.00004

The null hypothesis for treetments 1 to 5 is rejected therefore the
subjects improved.
The null hypothesis for the treatments 5 to 10 is rejected therefore the
subjects improved.

The null hypothesis for the treatments 1 to 10 is rejected therefore the

subjects improved.

| TREATMENTS 2-VALUE p-VALUE

i to b 1.44338 0.07445
S5 to 10 2.41209 0.00079
1 to 10 3.01511 0.01284

The null hypothesis for treatments 1 to 5 is accepted therefore the
subjects did not improve.
The null hypothesis for the treatments 5 to 10 is rejected therefore the

subjects improved.
The null hypothesis for the treatsments 1 to 10 is rejected therefore the

subjects improved.



TREATMENT z-VALUE p-VALUE
1 0.82169 0.20562
5 1.61527 0.05312

The null hypothesis for treatment 1 is accepted therefore there is no

significant difference between the subject's median pain in both groups.
Hence the groups are coaparable.

The null hypothesis for treatment 5 is accepted therefors there is no
significant difference between the subject’s median pain in both groups.
Hence the groups are coaparable.

The null hypothesis for the treatment 10 is accepted therefore there is
no sigﬁificant difference bhetween the subject’s median pain in both

groups. Hence the groups are cosparable.

TREATMENTS 2-VALUE p-VALUE
[ i to5 1.1094 0.13362
I 5 to 10 0.28867

i to 10 1.87083
Lﬂe NUll hypothesis Tor treatments 1 1o 5 18

subjects did not improve.
The null hypothesis for the treatments 5 to 10 is accepted therefore the
subjects did not improve.
The null hypothesis for the treatments 1 to 10 is rejected therefore the

subjects improved.
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TREATMENTS z-VALUE p-VALUE
1 t5 0.80178 0.21133
5 to 10 0.94868 0.17138
1 to 10 1.6641 0.04804

The null hypothesis for treatments 1 to 5 is accepted therefore the
subjects did not improve.
The null hypothesis for the treatments 5 to 10 is accepted therefore the
subjects did not improve.

The null hypothesis for the treatments 1 to 10 ie rejected therefore the

subjects improved.

TREATMENT z-VALUE p-VALbE —
1 0.34467 0.36516
5 1.75431 0.03968 l
10 0 . 0.5

The null hypothesis for treatment 1 is accepted therefore there is no
significant difference between the subject's median pain in both groups.
Hence the groups are comparable.

The null hypothesis for treatment 5 is rejected therefore there is a
difference between the subject's median pain between the two groups.
The null hypothesis for the treatment 10 is accepted therefore there is
no significant difference between the subject’s median pain in both

groups. Hence the groups are comparable.
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4.20 BAR CHARTS

Bar charts were drawn using the medians of the TENS and Relief Pulse
groups. The median is the most sensitive measurement for this sample
size (Worku, Personal communication 1996). Consultation 1 was the first
treatment, consultation 2 was the fifth treatment and consultation 3 was

the tenth treatment.

Medion Scores

B
g
a 11"

—_

Consultations

XK Relief pulse

@ Tens

Both groups improved progressively, although the TENS group showed a

more rapid rate of improvement.
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Medion Scores
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Both groups improved, although the TENS group showed more rapid rate of
improvement between treatments 1 and 5, where as the Relief Pulse group

showed more improvement at the end of the treatment ( treatments 5 to

10).
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This chart shows that the there were far more fenales than males in the

Relief Pulse group.

FEMALE
7

This chart shows that there were relatively the same number of females

and #ales in the TENS Group.

Graph VI
fistribution for the Relief Pul

60 lo b:;) Yoors ‘ 30 10 49 Yoars
: 1

20 to 29 Yuury
2

40 v 48 Yuurs
1

70 10 79 Yoors
80 10 89 Yonrs 3
6
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This chart shows that the there were relatively few subjects that were

below the age of 40 years old.
A majority of subjects were between 60 to 69 years old in the Relief

Pulse group.

00 to 30 Yoara
3

iy 70 lo 79 Yeors
y 1

60 1o 69 Yeora

00 10 69 Yuars
1 2

40 10 49 Yoars
2

This chart shows that there were relatively few subjects over the age of

40 years old. A majority of subjects were between 20 and 29 years of age

in the TENS group.

Lumbeor Faoet

3

S.1 and Lumbar Fpoet
8

Secro-illeg
b 3

This chart shows that  the most coamon diagnosis in the Relief Pulse

group was Sacro-iliac syndrome with a concomitant Lumbar facet syndrome.
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Larter \\\\\\\ b -

%

S.| and Lumbor Fpoot
7

This chart shows that the most common diagnosis in the TENS group was

also Sacro-iliac syndroae with a concomitant Lumbar facet syndroae.

Thie chapter has presented the results obtained from the collected data.

The discussion, interpretation and implications of these results are
discussed in chapter 5.
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CHAPTER 5

Each subject wae assessed subjectively and objectively. The subjective
assessment was by means of questionnaires. It 'wae found with respsct to
the Numerical Rating Scale 101 queetionnaire (Appendix F) which seasured
pain intensity that the TENS group’se pain intensity decreased rapidly at
the beginning of the study (between treatments one and five) but at the
latter stagees, no further improveament could be found. They did respond
favourably (pain intensity decreased) overall (Table I).

In contrast it was found that the Relief Pulse group’s pain intensity
decreased statistically throughout the entire duration of the estudy
(Table II).

In comparing the statietical results froe both groupe, it waes found that
both groupe pain intensities were statistically similar at the beginning
and at the end of the study (Table III). Thie suggests that both groups
responded favourebly to treatment (pain intensity decreased) but that
the TENS group’s favourable response was more rapid than that of the
Relief Pulse group (Tables I-III). This trend was reinforced clinically
‘by looking at the bar chart (Graph I) which also showed that both groups
improved progressively although the TENS group showed & more rapid rate

of improveasent.

The Oswestry Low Back Pain Disability Questionnaire (Appendix E) which
measured the subject’s disability, showed that the TENS group’'s
disability improved throughout the duration of the study (Table IV). The
Relief Pulse group’'s disability did not improve at the beginning of the
study, however it did improve duﬁing the latter stage of the study
(between treatments five to ten) (Table V).



59

In comparing the two groups it was found that statistically both groups
were similar during the duration of the study (Table VI). This suggests
there is no statically significant difference between the two groups,
and hence both treatments have the same effect with regards to

disability.

The Short-fors McGill Pain questionnaire (Appendix G) which measured the
quantitive profile of pain revealed that the TENS group improved
(quantative reduction in pain) during the entire duration of the study
(between treatments one to ten) (Table VII). The Relief Pulse group also
improved (quantitive reduction in pain) during the duration of the study
(Table VIII). In comparing the two groupse it was found that
statistically both groups were similar during the duration of the study
(Table IX). This suggests there is no statically significant difference
between the two groups and hence both treatments have the same effect
with regards to the quantative profile of pain. By looking at the bar
chart (Graph II) it showed that clinically there was a gore rapid rate
of imbroveﬂent by the TENS group but overall both groups responded

favourably to treatment.

Analysing the subjects objectively was accoeplished by means of a
pressure algometer (Appendix H) which measured the subjects pain
tolerance. It revealed that the readings which were taken before
treatments (one, five and ten) that the TENS group (Table X) and the
Relief Pulse group’s readings (Table XI) did not improve statistically
‘throughout the study. There was also no statistical differencé found
when comparing the two groups (Table XII). However when looking at the
readings which were taken after treatments one, five and ten it was
found that the TENS group’s pain tolerance increased during the latter
stages of the study (Table XIII) whereas the Relief Pulse groups
readings did not improve (Table XIV). When comparing the two groups it
was found that the TENS group improved (pain tolerance) more than the
relief pulse group (Table XV). This was confirmed clinically by the bar
chart (Graph III), which showed that the Relief Pulse groups readings
decreased, and the TENé group had a mild improvement. This suggests that
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This suggests that the TENS waveform wae amore effective in increasing

the patients pain tolerance levels.

The other objective assessment was taken by means of a BROM goniometer
which measured the subjects range of motion in degrees (Appendix I). The
goniometer readings which were taken for forward flexion before
treatments one, five and ten revealed that the TENS group’s readings did
not improve statistically (Table XVI) whereas the Relief Pulse group’s
readings improved throughout the entire study (Table XVII). When
comparing the two groups it was found that there was no statistical
difference between the two groups throughout the study (Table XVIiI).
When the readings which were taken after the relevant treatRents was
analyzed it was found that the TENS group’s readings, and hence their
degree of forward flexion, improved during the early stages of the
study. The readings however did not improve statistically over the
entire’ study, this suggests that the readings decreased between
treatments five and ten (Table XIX). The Relief pulse group’'s readings
improved between treatments one and five but these readings did not
decrease over the latter stages of the studys and hence there was
improvezent noted statistically between treatments one and ten (Table
XX). When comparing the two groups it was found that there was only a
statistical difference at the beginning (treatment one) of the study
(Table XXI). This implies that Relief Pulse is more beneficial than TENS

in increasing the degree of forward flexion.

The goniometer readings for extension range of motion which were taken
before treatments one, five and ten show that the TENS group did not
improve statistically during the study (Table XXII). The Relief Pulse
group however showed improvement during the latter stage of the study
(between treataent five and ten), but no improvement was noted for this
group over the duration of the study (Table XXIII). When comparing the
two groups it was noted that for the last consultation (treatment ten)
there was a statistical difference found between the two groups (Table
XXIV). J
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The measuresments which were taken after those consultations showed that
the TENS group’'s readings did not improve during the study (Table XXV).
The Relief Pulse group also did not improve during the study (Table
XXVI). When comparing the two groups it was noted that there was no
statistical difference found at the beginning or the end of the study
(Table XXVII).

The goniometer readings of right rotation which were tekem before
treatments one, five and ten revealed that the TENS groups right
rotation did not improve during the study (Table XXVIII). The Relief
Pulse group’s right rotation improved at the béginning of the study i;e.
between treatments one and five, as well es overall (Teble XXIX). In
coaparing the two groups it was found that there was a statistical
difference between the two groups at the end (treatment ten) of the
study (Table XXX). These trends were also found in the extension
readinge whioh were taken after the treatmente (Tables XXXI; WXIXI and
XXX1I1). These readings suggest that the Relief.Pulse wavefors is more
effective in increasing and improving right rotation in subjecte.

The goniometer readinges of left rotation which were taken before
treateents one, five and ten revealed that the TENS group did not
improve during the study (Table XXXIV). The Relief pulse group’s
readinge did also not improve during the study (Table XXXV). In‘
cosparing the two groups however it was found that there wae @
statistical difference on the last treatment (Table XXXVI). These trends
were also noted in the readings which were taken after the relevant
treatments (Tables XXXVII and XXXVIII), however in comparing these two
groups it was found that there were statistical differences found at

treatments five and ten.

The goniometer readings of left lateral flexion which were taken before
treatments one, five and ten revealed that the TENS group’'s readings
improved over the latter portion of the study as well as overall (Table
XL). The Relief Pulse group’s readinge improved at the beginning of the
study but not overall (Table XLI), this suggests that although the
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readings improved at the beginning of the study, they decreased during
the latter setagees of the study. There was however no statistical
difference found between the groups at the beginning and at the end of
the study (Table XLII). The readings which were taken after the relevant
treatments showed the TENS group's readings did not isprove during the
etudy (Table XLIII). The Relief Pulse group showed improvement at the
beginning of the study as well as overall (Table XLIV).

There was however no statistical difference found between the two groups

throughodt the study.

The readings which were taken of right lateral flexion which were taken
before treatments one, five and ten showed that the TENS group’s
readinge improved throughout the study (Teble XLYI). The Relief Pulse
group showed improvement at the latter stages of the study ss well ss
overall (Teble XLVII). There was no statistical difference found between
the . two groupe throughout the study. The readinge which were taken after
the relevant treatments revealed that both the TENS and Relief Pulse
groups improved overall during the study (Tablee XLIX and L). By
coaparing the two groups the same trend was noticed, in that there was
no statistical difference between the two groups. This suggests that
both waveforme are effective in improving right lateral flexion in
subjectse, with no wavefor® being superior to the other (Table LI).

In looking at the gender distribution of the Relief Pulse (Graph 1Y) and
TENS group (Graph V), one can see that the 73.3% of the Relief Pulse
gboup consisted of females, whereas only 46.6% of the TENS group were
female. With these percentage differences occurring between the gﬁoupe
it is likely that a discrepancies in the readings may be due this
imbalance of gender distribution between the two groups, as it has been

shown that males have higher pain and sensory threshold levels (Johnson
et al, 1981b).

As far as the age distribution was concerned it was noted that 53.3% of
the patients in the relief Pulse group were between the ages of 60 and
80 (Graph VI).



63

In the TENS group 40% of the subjects were between the ages of 20 and 28
(Graph VII). These age discrepancies between the two groups could
influence the results, as anger and frustration are often present in
patients which suffer from chronic pain. Elderly patients are more
likely to underreport pain, as they perceive their pain as a normal part
of ageing (Helme & Katz 1993). Johnson et a8l. (1981b) showed that a
subjects age as well as their chronicity of pain did not alter the

benefits which are derived from TENS treatment.

The diagnosis distribution between the two groups was relatively equal
as the 53% of the Relief Pulse group suffered from a combination of
sacro-iliac and lumbar facet syndrome. It was also noted that only the
Relief Pulse group had a subject who suffered from Maigne’s syndrome
(Graph YIII). 48.6% of the TENS group suffered from sacro-iliac syndrose
(Graph IX). This suggests that almost no discrepancies in the outcoae of

the two groups should be as a result of the different syndromes which

were treated.

2.2 ARGUMENT

Many feel that electrotherapy is nothing sote than placebo treatment
(Deyo et al., 1980b; Marchand et al, 1993; Heyler et al, 1984). However
variables which interfere with a clear coaparison of TENS studies
include: aetiology of pain, chronicity of pain, types of electrodes,
electrode placements and frequency of treatment and evaluation methods
(Sotosky & Lindsay 1991). As can be seen in this research, the author
has atteapted to eliminate all these variables. Unfortunately no
information could be found of TENS effectiveness at 150 Hz, this was

done to equate the frequency to that of Relief Pulse.

It is possible that the positive effects of fhe chiropractic adjustment
although uniformly given to both groups, was sufficient to mask or
minimize the effect of both forms of electrotherapy, as it has been
shown that manipulation is a very effective form of treatment in
treating low back which is lechanicél in origin (Barr 1990; Frymoyer

1991: 1587).
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Koes et al., (1993) showed that manual therapy in the fora of

manipulation was far superior to physiotherapy (electrotherapy) in
reducing patients’ perceived pain, and was especially evident in
patients younger than 40 years of age.

It was noted in an experiment using rats that the analgesic effect
reached a statistically significant level after five to ten minutes of
TENS, however the maximum analgesic effect appeared thirty minutes after
onset of the TENS unit (Wang et al. 19882). Johnson et al, (1881a) found
that only 30% of patients received TENS analgesia immediately, whereas
75% of patients received TENS analgesia within half an hour, it is
therefore possible that in this study (conduéted at Technikon Natal),
only 30% of the subjects tested attained TENS analgesia. Hence a
negative result may have occurred as a result of the treatment duration
(10 msinutes in this study) being inadequate (Deyo et al. 19920b).
Although in this setudy there was a difference in the msale-female
distribution percentages in each group, it was noted by Johnson et gl.
(1991b) that males were found to have a significantly higher sensory
threshold than females. And it was also noted that males utilized a
significantly higher therapy level than females (Johnson gt al. 1981b),
this may be the reason that the TENS group (46.6% female) in this study
had a higher pain tolerance threshold than that of the Relief Pulse
group (73.3% female). However, it has been shown that men did not attain
greater benefits from TENS than women, as measured using visual analogue
scale (Johnson et al., 1981a). This may explain the reason for the
difference in pain tolerance and no difference in pain intensities
between the two groups during this study.

It is possible that both devices are largely placebo and therefore no
difference could be found between the groups. Deyo et al. (1990b)
reports that negative results may occur if patients were unlikely to
respond to the treatment protocol. It is possible that the outcome
measures were too unresponsive to detect clinically important

differences (Deyo et al. 1980b).

The results show that. hypothesis ohe and two were supported as both

groups did improve statistically, however hypothesis three was not
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supported as one group did not show a significant statistical difference
over the other.

These results imply that if a practitioner wishes to use either Relief
Pulse or Tranecutaneous Electrical Nerve Stimulation in cosbination with
a chiropractic lumbar roll adjustsment that he or she will be have peace
of mind that both electrical waveforms have identicel benefit for the
patient.

This study is the only study, to the author’s knowledge, that could be
found in which two therapeutic electrical waveforas delivered by two
different units in combination with a chiropractic adjuetment could be

found.

Although objective assesements were carried cut on esch treatment, only
the information which correlated to the subjective assessment dates were
utili;ed by the researcher i.e. subjective assesesmente on treatments
one, five and ten. (Oyster gt_al. 1987: 127-133; Worku 1896, personal
cozmmunication). If the researcher had unlimited funding and time, then
a direct comparison of all makes and models of electrotherapy devices,
with placebo units would have been tested with and without the

intervention of a chiropractic adjustment.
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CHAPTER 6

No other studies, to the author’s knowledge, have evaluated the effect

of the combination of chiropractic ®=anipulation and two differing
wavefors devices.

This study concluded that neither wavefor® proved to be more effective
than the other in treating patients with sechanical low back pain. When
looking at the way each patient perceived his or her pain (subjective
assessa@ents) it became evident that both groubs improved equally. This
implies that both devices benefit the patient equally, thie beneficial
effect may be largely due to placebo (Deyo et al). 1980b). The objective
assessmsents yielded some interesting results though, in so far as that
TENS proved more beneficial in increasing the pain tolerance, yet this
could be explained by the fact that males (greater number in TENS group)
show higher sensory and pain threshold levels (Johhson et al. 1891b).
Neither wavefore proved more beneficial than the other in terse of
increasing the subjects low back range of motion.

It is possible that such results that were obtained were obscured by the
fact that spinal manipulation was preformed. Furthersore the spinal
sanipulation was performed by the researcher and at the start of the
study was less proficient in performing this, yet at the end of the
study had nofe than a year'’s internship experience, with this in mind
patients who volunteered in 1995 did not receive as a proficient
manipulation than those volunteering in 1996. Hence it could be said
that there was no equal or standardized level of manipulation. For this
reason it is recommended that a study be conducted utilizing these
waveforms without the addition of spinal manipulation therapy. It is
also recommended that the age distribution of the study be limited to a

smaller sample size, the reason being that geriatric patients with
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chronic pain usually underreport their pain (Helme & Katz 1983).
Although both groups had relatively the same distribution of pain
syndroses it is recommended that a future study be limited to only one
type of syndrome. It also became increasing evident to the author that
a much larger sasple size should be used in future to adequately
statistically enelyze the differences that occurred. It ie aleo
reccszended that the mean, median and sode be utilized in statistically
analyeing thie date (Oyster at _al. 1987: 141-144). This etudy was also
not blinded as the researcher was aware of the devices, it is therefore
recoz@ended that a blinded trial be used in future (Deyo at al. 1980b).
It is @aleo recosmmended that a longer -treatment duration of
electrotherapy be utilised (Deyo af _al. 1980b). As this study wes (to
the author’s knowledge) the first time two electrotherapy waveforas have
been coampared, there is no date aveilable to compare to other studies,
and the results show no superior benefit of one waveform over the other,
any effect may have been due to placebo, it ie for this resson that the
autﬁor recoemends that this study be repeated but with additional
placebo units.
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Appendix A

patient: Date #
Pile 8:
X-ray 8:
Ag@: Sex: Occupacion:
Inctezn: Sigaature:
Iniedal visit clinician: Signature:

Case History:

Examination:
Pravious: ™
Other
X-ray Studies:
Previous: ™
Othar
Clinical path. lab.:
Pravious: ™
Other
Cagse status:
PTT: Conditional:

Reccmmendations:

Signed off:

Curzent: T¥

Current: TH
other

Current: T
other -

Pinal sign out:



Intezn’'s case hiptory
1. Source of history:

2. Chief complaint: (patient’'s own words)

3. Present illness:
Location
Caset
Duration
Frequency
Pain (character)
Progression
Aggravaeting factors
Relieving factors
A;lociaeod S$&3
Previous occurrences

Past treatment and outcome



6. Current health status and life-style:
Allergies

Immunizations
Screening tests

Environmental hazarde
(home, school, work)

Safaty measures
(seat balts, condoms)

Exercise and leisure
Sleep patterns

Diet

Curzrent medication
Tobacco

Alcohel

Social drugs

7. Family history:
Ismediate family:

Age
Health
Causa of death
DM
Heart diseass
py -
HBP
Stroke
Ridney disaase
CR
Arthritis
Anaemia
Headaches
Thyroid disease
Epilepsy
Mental illness
Alcoholisa
Drug addiction
Other



Genital

Vascular

Musculoskalatcal

Neurologie

Haematologic

Endocrine

Pasychiaerie.



Appendix B (~L)

TECHNIRON_NATAL CHIROPRACTIC DAY CLINIC

REGIONAL EXAMINATION - LOW_BACK-

Standing:

Minot's sign
posture

skin

muscle tone

spinous percussion
Schober's test (6cm)
Treadmill

P.0.M.

Flexion 1S5cm from floor.

Extension 30°

R. Lat flex 35° Fingers to knees
L. Lat flex 35° " " "

/ painlesz limitation R. rot. 302

/! painful limitation L. rot. 30

Gait:

' rhythm
on toes (or while standing)
on heels (or while standing)
half-~qnat on one leg.

Motion Pa.

pation:
sacrn-iliacs (=ec below for findings)

Sitting:

Posture

Dermatomes:
T1?
Ll
L2
L3
L4
LS
Sl

<
[

53



&)

Reflexes:

patellar

Achilles

medial hamstring
Reflexes: myotomes: L. R.

hip flex

hip int rot

hip ext rot

knee ext

knee flex

hip abd

hip add

ankle dorsiflex

ankle plantar flex

ankle eversion

ankle inversion

ext. hallucis long.

tripod
Kemp's
MOTION PALPATION:

i Jet.play) Left / Right i Jt.play}
] 1. ] 1 ]
'P/A ilat! Ple!Ext | LF! AR!PR ! 'Fle! Ext! LP ! AR !PR !P/A! Lat!
: H H H H L H 1 _T10} X H i H H : H
H H H H ! H H 1 T11! : H H H H : H
: H H : Y ' 1 ! T12!} ! t : H H : H
! H H 1 : : ! i L1 ¢ : H : \ H H H
H : : : H H H 1 L2 | ! 1 : H H : H
H : H ! : H ! 1. L3 | i 1 1 H \ 1 H
H H H : : H ' i L4 |} H H ; ! H H )
1 1 i i H H H P LS |} ; H H H : H H
: : : H H 'y 'L itsttu!lL 1 H H H L
Supine:

skin, hair, nails
observe abdomen
fasciculations

abdominal reflexes’
auscultate abdomen/groin
palpate abdomen/groin
pulses (abd/ext)

SLR

.Braggard's

bowstring

sciatic notch

planter reflex
circumference (thigh, calf)



ATers )
i Rl )

leg length:
actual
apparent
Patrick PABER
Gaenslen's
gluteus max stretch
hip medial rotation
psoas test
Thomas'test:
hip joint
rectus femoris.

A £SO WG IIE o
8-1 compression
Ober’'s test
femoral nerve stretch
myotomes :

QL

glut .med

gluteal skyline
skin rolling
iliac crest compression
facet joint challenge
8- tenderness
Erichsen's test
Pheasant’'s test
myotomes:

glut. max.

~trigger points:

QL

glut. med

glut. max
- piriformis

hamstrings

TPL

o
L]

pin-point pain

axial compression

trunk rotation

Burn's bench test

£lip test '
Hoover's test

ankle dorsiflexion test
pin-point pain.



Appendix C

IRCHRIEON HATAL GHIROPRACTIC DAY CLINMIC

EEXSICAL EXAMINR2ION

Underline aboormal findings
telavant page, if necessary.

Hazk "HAD® {f pormal.

in RED anc elaborate

o back

S

of

Patient: Pils
Last name Pirst name

Clinieian: 8ignature:

Intern: Signatura:

D@te:

Height: Height: Pemp:

Rates: Beart: Pulse: Regpiration:

Bloed pressure: Arms: L / R /
Legs: L / R /

General appearance:




SIANDING EXAMINATION,
Minor's sign
8kia changes
Posture
erect
Adan's
*‘Ranges of motion:

?/L spine: Plezion: 90 Pingers to floer
Bxtension: 50

R.lat.flex.: 30 Pingers down leg

L.let.flex.: 30 Pingers down leg
Rot.te R.: 135

Ret.ke L.: 38

Ples.
L.Raet. R.Ret.
L.lat R.lat.
flez. flex.
htl

/ @ pain-free limitatien; // = painful limitatiesm.

Romberg’s siga.
Pronator drift.
Trendelenburg's siga.
Gait.

rhytha

balance

peandul cusness

on toes

on heels

tandea
Half squat.
Scapular vinging.
Muscle tone.
Spasticity/Rigidity.



8houlder:
skin

symmetry
ROM - glenchumersl

scapulo-thoracic
acromioclaviculer
elbovw
vrist
Chest measurement
iaspic.tion
expiration
Visyal acuity

Breast ezamination:
ingpection:
skin
sige
coptous
pipples
arms ovechesad
hapds against hips
leaning forwasrd.
Palpation:
agillary lymph nedes.

- SEATED EXAMINATION.

Spinal posture

Head
gealp
skull
face
skin

Eyes
conjunctiva
sclera
eyebrows
eyelids
lacrimal gland
nasolacrimal duct
alignment
corneal reflez
ocular movement L

I 1v

visual fields
accomodation
iris

pupils

red refles
optic disec

Vi

R
I v w1



vessels
genezal background
Baculs
viteeous
leas
Zars:
suzicle
8ar =apal
dcua
auditory acuity
Heber test
Rianc test

Bega:
agteznal
iptagnal
8epRER
tucbinates
elfaetien
S8isuseg (fremtal & mazillary):
tenderness
tzansillumination
Houth and phbaryaz:
lips
buecal mucesa
guds gnd teeth
coet
teague
ipspectien
Boveaesnt
taste
;slpatien
pharyng
ingpection
X
Beck:
pesture
sige
svelling
scars
discoloration
bair line



08
Plez:ca:

Eztens:0m:

W oge

Le3%
.E5%.:

€

»

lymph aedes
tcaches
thyroid

.dav.flez:
.lav.tles:

43

5%

40
40
70
70

chia to laryaz

chla to stscnus

foreshead parallel
to flaoor

Pleg.
‘L.Ret.
L.Lat.
glox.
Ezt.

eacotid arteries (thzills, brpuit)

C¥ v
a} Vil

"CB V11l (nystagmus)

X 12
cH X!
™I .
{nspection
RON
deviation
Palpation
crepitus
tendecness

R.Bek.

R.lag.
2lesg.



Heurological:
Dermatomes
¢S
cé
oy}
c2
71
Tondon reflexes
biceps ' -
triceps
becachioradialis
Huscle stzength
€s
cs
€7
€8
2]
Coerdination:
poeint-te-peint
dysdiadochekinesia
Theraz:
Chest:
- .nspection:
sikin
shape
respiratory distress
thytha (cespirzatory)
depth "
effors ®
intercostal/supraclavicular cetraeties
Palpatien: -
tendecrness
masses
cespiratory ezpansion
taetile fremitus
Bercussion:
lungs (posterior)
diaphragmatiz excursion
kidney punch
Auscultation:
breath sounds
vesicular
.broachial
adventitious sounds
crackles (rales)
vheegtes (rhonchi)
vaice sounds
broacophony
vhispered pectoriloquy
egophany



Cacrgdiovesrulac:
eusculation (e0fti~ euraurs)
Allean’'s lest

GUPINE EXAMINAZ DN

Jvp
Pus
auscuitan:sa beart (L.la%.crecumbent)
resp..atary 9zcursica
percussisn caest {(aaterior)
breast palpation
The abdomean:
laspection:
8kia
umbilicus
centour
pecistais.s
puisaticas
hegzaias . :wmbilical/imeisional)
Auseuitatiza:
bowa! se¢u=8s
bruss
Pereussien:
geaegal
lives
spieen
Palpation:
supezéizial refleszes
couga
lizat
cepound cenderness
deep
liveg
8pleen
kidaeys
aegta
intca-/cetro-abdominal vall mass
sh:fting dullness
fluid vave
Acute abdcmen:
vhere pa:as began and now
eough
tenderness
guarding/cigidity
crebound tenderness
Rovsing's sign
psoas s13n
obturator sign
cutageous hyperaesthaesia
tectal exam
Murphy's sigh.



Male genitals and bhernias.
laspection:
skina
prepuce
glans
Beatus
nits/lice
scrotum
iaguinel/femoral bulges : -
Palpation:
penis (tenderness/induratica)
testas
epididymis
iaguinal eanal
femoral canal
cremagteric gaflesx
Auseultation:
pegotal mags.
‘Peripbecal vasculature:
inspeetion:
skin
8ail beds
picmestatien
baiz less
Palpatien:
pulses - radial, brachial, femeral, pepliteal, pest.tibial,
' dorsalis pedis ' '
lympb nodes - epitroehlear, femoral (horizcata] & vcktie&l)
tempecature (feet & lags)
Mapual compression test
Retrograde filling (ZPrendelenburg) test
Brterial insufficiency test

Huseul egkeletal:

ROM

bip
¢lez. 90/120
est. 18

.abd. 4%
add. 30
int tot 40
ezt tot 45

knee '
flez. 130
ext. 0/15%

ankle
plantar flex 4%
dorsiflex 10
inversion 30
eversion 10

leg length



Houzological:
dermatcaas
Ll
L2
L3
L4
LS
8l
muscle <strength
bip flexzion
knee ezteansion
ankle dorsiflezion
plantac flexion
tendon telezes
patellar
Achilles
plantar cefles
Rectal ezamination:
Inspection
sacgocoecygeal & pezianal areas
Palpatien -
sphinetegr tome
teaderness
induration
podules
pgostate
se@inal vesieles

Hental gstatus
Appearance and bebaviour:
level of coasciousness
posture and moter behavieus
dress, grooming, persomal hygieme
facial ezpression
atfect
Speech and laaguage:
quantity
tate
volume
flueney
aphasia (prn)
Hood
Thought processes (logical, relevant, organised)
Memory and attention:
orientation (time, place, persoa)
temote memory
recent memory
nev learning ability
Higher cognitive functicas: .
intormation and . vocabulary (general & apecialised
know!edge)
abstract thioking.



Appendix D: |
LETTER OF INFOBMED CONSENT

Dear Patient

I am currently doing a study on mechanical low back pain. The
nature of my study involves electrotherapy devices and
chiropractic manipulation. You will be randomly assigned to
a group which will receive treatment from one of the two
devices. You will be asked to fill in questionnaires about
your low back pain and to conform to certain orthopaedic
tests on a regular basis for the duration of the study. The
study will last 10 ( ten) treatments ( a maximum of 7 weeks).

) understand
that I will be receiving the best treatment for my ailment.
I will undertake to answer the gquestionnaires and questions
asked to me both honestly and to the best of my ability. I
will undertake to keep all my appointments with the intern
and to continue with the treatment until the end of the
research. If I cannot make the appointment then I will
telephonically cancel and reschedule.

I understand that, if deemed necessary, that I will have a
set of X-rays taken and that I will therefore be exposed to
small doses of radiation. I further understand due to the
nature of the treatment that allergic skin reaction occurs in
10 % of patients, a further side effect has been observed in
a few patients who have undergone mastectomy and radiation
treatment, that is an increase tendency to oedema.

I understand and will comply with all of the above.

signature date



Appendix E

OSHESTAY LOW BACK PATN DISABILITY QUESTIONNAIRS

' ' ' i how
] signed to give the intern information as to
;gti %:iitﬁzqgaﬁgi Zﬁi:ﬁ?ﬁhdfbu? ability to manage in everyday life. Please

h section only the
r every section, and mark in eac atements in any one
§2°§§u, Wngealise you may consider that two f the st -

but please just MAR

section re
DESCRIB

late to

you,
1%, Ny,

ction 1 = Pain Intensity

1 can tolerate the pain | have without having to use pain killers.
The pain is bad but | manage without taking pain killers.
Paijn killers give complete relief (rom pain.

Pain killers give moderate relief from pain.

Pain killers give very little relief (rom pain.

Pain killers have no effect on the pain and | do not use them.

ction 2 <= Personal Care (Washing, Dressing, etc)

| can look after myself normally withoul causing extra pain.
| can look after mysell normally but it causes extra pain.

It is paiaful to look alter myself and | am slow and careful.
I need some help but manage most of my personal care.

| need help every day in most aspects of seif care.

[ do not get dressed, wash with dilficulty and stay in bed.

tlon 3 = Liftiag
I can lift heavy weights without extra paia.
| ean lift heavy weights but it gives exira pain.
Pain prevents me [rom lifting hesvy weights off the floor, but |
:na mansge if they are conveniently positioned, eg on a table. .
Pain preveats me fromi lifting heavy weights but | can manage
ight te medium weights if they are conveniently positioned.
. ean lift enly very light weights.

cannot lift or carry anyihing at all.

on 4 = Walking

'in does not prevent me walking any distance.

8in prevents me walking more than | mile.

ain prevents me walking more than '4 mile.

ain prevents me walking more than % mile.

can only walk using a stiek or crutches.

3m ia bed most of the time snd have to crawl 1o the toilet.

Fm § = Sltilng

an sit in any chair as loag as | like.

an only sit in my favourite chair as long as | like,
in prevents me sitting more than | hour.

in preveats me from sitting more thaa ' hour.

in prevents me from sitting more thaa 10 mins.
n preveats me from sitting at all.

which applies

Section 6 — Standing

Q) | can stand as long as | want without extra pain,

O 1 can stand as long a3 | want but it gives me extra pain.
O Pain prevents me {rom standing for more thaa | hou:.
O Pain prevents me {rom standing for more thaa 30 mins.
O Pain prevents me from standing for more thaa 10 mins.
O Pain prevents me from standing at all.

Sectlon 7 = Sleeping A

O Pain does not preveat me [rom sleeping well.

O 1 can sleep well oaly by usiag tablets.

(O Even when | take tablets | have less thag siz houss sleep.
O Even when | take tablets | have less than four houss sleep.
O Even when | take tablets | have less than twe hours sleep.
(O Pain prevents me [rom sleeping at all,

Seetlon 8 — Sex Life

O My sex life is normal and causes no extra paia.
O My sex life is normal but causes some extra pain.
O My sex life is nearly normal but is very painful.
O My sex life is severely restricted by paia,
O My sex life is nearly absent beeause of pain.
QO Pain prevents aay sex life at all

b

Seetion 9 = Socla) Life

O My social life is normal and gives me no extrs pain.

O My social life is normal but increases the degree of pain. .

(O Pasia has no significaat effect on my social life apart from limu-
ing my more energetic interests, eg daacing, ete.

O Pain has restricted my social life and [ do aot go out as often.

O Paia has restricted my social life to my home.

3 ! have no social life beeause of paia.

Section 10 = Travelllng

O | can travel anywhere without extra pain.

O 1 can travel anywhere but it gives me extra paia.
O Pain is bad but | manage journcys over two hours.

.0) . Pain sestricts.me to journeys of less thas ong hous.

O Pain restricts me 10 short necessary journeys under 30 minutes.
O Pain prevents me from travelling except to the dostor of
hospital.



Appendix F

Please indicate on the line below the number between 0 and

100 that best describes the pain of your major problem when
it is at its worst. A zero would mean ° no pain at all® and

one hundred (100) would mean ° pain as bad as it could be °.

Please write only one number.

0 | 100

Pleas indicate on the line below, the number between O and
100 that best describes the pain of your major problem when
it is at its least. A zero (0) would mean ° no pain at all °

and one hundred would mean ° the pain as bad as it could be

°. Please write only one number.

0 100

Copy right 1984 Ronald Melzack.



Appendix G

Please answer every section, and mark in each section only
the ONE BOX which applies to you.

Tx., .. ... ...

NONE MiLD MOQFERATE SEVERE
THROBBING 0) n____ 2) )
SHOOTING 0) N ) )
STABBING ‘ 0) L) J— 2) )
"SHARP 0) L) 9 N —
CRAMPING 0) ) PR 2) 3)
GNAWNG. 0) nw_ 2) 3)
HOT-BURNING 0) n_ 2) ) D
ACHING 0) 0w ) 3)
HEAVY 0) n____ 2 3)
TENDER 0) ) PR 2) 3)
SPLITTING 0) 1N_____ 2 3)
TIRING-EXHAUSTING 0) Hw___ 2) 3 _
SICKENING 0___ 1) P 2) J)
FEARFUL 0) n____ 2) 3)
PUNISHING-CRUEL 0) 1) 2) 3)




Patient No. .......ciiiiiennns

Treatment 1

;Treatment 2

: Treatment 3

5Treatment 4

; Treatment 5

! Treatment 6

Treatment 7

Treatment 8

Treatment 9

Treatment 10




Treatment

: BEFORE

AFTER

Treatment

: BEFORE

AFTER

Treatment

: BEFORE

AFTER

| Treatment

: BEFORE

AFTER

Treatment

: BEFORE

AFTER

Treatment

: BEFORE

AFTER

Treatment

. BEFORE

AFTER

Treatment

: BEFORE

AFTER

Treatment

: BEFORE

AFTER

Treatment

10

:BEFORE

AFTER
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