Award winning
new generation effective
drug free treatment

For the treatment of pain, the mobilisation of
stiff joints, the reduction of swelling. The
therapy significantly enhances the quality of
life without any further intake of medication.
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THE DOCTORS

Clinical Evaluation Report

Date Started: 20 May 1998
Date Ended: 20 August 1998
Name of Clinic: The Doctors (New Lynn)

My colleagues and I have used the APS device in our clinic for over four months.
During the last three months we undertook a clinical evaluation on behalf of APS
Technologies Ltd. 38 patients were treated for a range of musculosketal pain conditions,
particularly those affecting the lower back. Three of the participants presented with
slow-healing wounds.

The APS device was the sole form of treatment, although some participants were
previously prescribed NSAIDs. Pads were placed over the affected anatomical areas in
accordance with the manufacturers guidelines and the current increased to the
maximum tolerable by the patient (whilst remaining comfortable).

The efficacy was generally good, especially for conditions relating to the
lumbar/sacroiliac region. Not all participants responded immediately to treatment but
the success rate was relatively high. Patients generally found the treatment beneficial
although some complained of minor skin irritations when the current was maintained at
excessive levels. Overall patient opinion was very positive.

In addition to pain relief, the device appeared to have a noticeable effect on mobility.
Nearly all the patients with limited ranges of motion reported an increased ability to
perform daily tasks after treatment. Those who presented with slow-healing wounds
experienced dramatically accelerated rates of healing.

I found the device easy to use and a useful addendum to my range of treatment options.
It integrated into the practice with no problems and was well accepted by most of the
staff at the clinic.

Patient contact increased by providing in-house treatment, which facilitated
compliance and monitoring. There was also a reduced need for pharmaceutical
prescription. The device has been a useful addition to our practice and we will continue
touse iton aregular basis.

Sincerely,
Dr. Piet Botes

19 Delta Avenue, New Lynn, Auckland
Fax (09) 827 -3510
Telephone (09) 827-7810
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Study Overview

Purpose

To evaluate the efficacy of the APS device in providing pain relief for a wide range of
musculoskeletal pain conditions. Also, to determine the impact of the APS device on wound
healing and mobility.

Time frame
The evaluation commenced on 20 May 1998 and ended on 20 August 1998.

Method
An observational study based on 38 participants. 15 received one treatment, 19 received two
treatments and four received between four and five treatments.

Each patient reported, amongst other things, their pain level before and after each treatment using
Visual Analogue Pain Scales (VAPS). These were used to determine:

(a) the average change in VAPS after each treatment, and,

(b) the proportion of participants who reported a decrease in VAPS after treatment.

Clinicians also reported qualitative changes in mobility, range of motion, oedema, muscle strength,
imbalance and ability to perform daily activities.

Standard inferential tests were used to evaluate the significance of the results.

Results

After the first treatments, the average VAPS score fell 40% (from 6.84 to 4.08). After the second
treatments, the average VAPS score fell 38% (from 4.52 to 2.83). Both changes in VAPS score
were highly significant with p<0.0001 for the corresponding t-tests.

28 participants (74%)reported a positive response to their first treatment. Of the 23 participants
who received a follow-up treatment, 19 (83%) reported a positive response. In most cases, mobility
and range of motion also improved.

3 participants presented with slow-healing wounds, all of whom reported accelerated rates of
healing (in addition to reduced discomfort).

Conclusion

Dr. Botes: “The efficacy was generally good, especially for conditions relating to the
lumbar/sacroiliac region. In addition to pain relief, the device appeared to have a noticeable affect
on mobility. Those who presented with slow-healing wounds experienced dramatically accelerated
rates of healing. Patient contact increased by providing in-house treatment, which facilitated
compliance and monitoring. There was also a reduced need for pharmaceutical prescription.”



Study Design

Dr. Botes practices general medicine in Auckland. He treats musculoskeletal pain in the
standard fashion, with either a prescription and/or referral for acupuncture
physiotherapy or similar. In this study, patients were offered another option - treatment
with the APS device.

Patients were diagnosed in the normal way and then treated with the APS device. Each
was asked to record their pain levels before and after treatment using Visual Analogue
Pain Scales (VAPS). In addition, Dr. Botes monitored changes in range of motion, mobility,
stiffness, gate deviations, oedema and muscle strength - see protocols at the end of this report.

These evaluations were used to determine:
(a) the average change in VAPS after each treatment, and,
(b) the proportion of participants who reported a decrease in VAPS after treatment

Standard inferential procedures were used to test the statistical significance of results.

The study was not placebo-controlled, randomised or double-blinded. Consequently, a degree of
“placebo effect” is latent in the data. However, the results (and Dr. Botes’ comments) indicate
far greater efficacy than can reasonably be attributed to the “placebo effect” alone. Moreover,
placebo-controlled studies are extremely difficult to administer with electrotherapeutic
modalities and thus are not commonly used.
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Summary

This randomised, single blind study, com-
pares the effectiveness of APS Therapy (a
recently developed low frequency current)
to TENS and placebo, on 99 patients with
osteoarthritis of the knee. The study also
explores the most effective duration and
intensity of this current in these patients.
Patients had to correspond with the criteria
recommended by the American College of
Rheumatology to be accepted for the study
and these patients were randomly allocated
to six groups. The groups were Placebo for

16 minutes, APS high intensity 16 minutes,
TENS for 20 minutes, APS high intensity
16 minutes, TENS for 20 minutes, APS
high intensity 8 minutes, APS low intensity
8 minutes. All patients received six
treatments on alternate days. The
therapeutic effects were evaluated by
measuring :- (i) existing pain, pain
experienced over 24 hours and walking
ability on the visual analogue scale; (ii)
knee flexion by goniometer; (iii)
circumference of the knee measured both
below the patella and 10 centimeters above
the patella by tape measure; (iv) night pain;
(v) use of analgesics; and (vi) subjective
evaluation of overall benefit from
treatment. These variables were measured
before each treatment and at a 1 monthly
and 3 monthly follow-up.

It was statistically proven that APS therapy
is effective in the treatment of patients with
osteoarthritus of the knee. Within groups
(APS and TENS) improvements were
shown over time. The study indicates that
electrical therapy (APS and TENS) is
beneficial in the relief of pain, stiffness

and night pain in osteoarthritis of the knee.
Although the repeated measures analysis
of variance did not show differences
between treatment groups, the Mc Nemar
tests highlight the strong points of the
various APS groups, especially at an APS
high intensity of 8 minutes. The flexibility
of the knee was, highly significantly,
improved by APS high intensity of 8
minutes and this improvement continued
ro increase 1 month after the last treatment.

Introduction

Electrical currents can be used to reduce
pain by exploiting the body’s neuro-
biological control mechanisms such as
selective stimulation of particular
subtypes of primary afferent nerve fibres.
Afferent fibres can be activated by
transcutaneous electrical nerve stim-
ulation (TENS)1 and other currents, inc-
luding a new low frequency current rec-
ently developed in South Africa, the so-
called action potential simulation (APS)
therapy.2

The (APS) therapy produces a current
that is claimed to simulate an action
potential in the neurone. This current is
supposed to mimic the body’s natural
electrical impulse, which then causes syn-
chronous depolarisation. Thus, it is
claimed that electrolysis may occur within
the cell. This current is supposedly four
times stronger than the naturally occuring
action potential (Lubbe GA, 1992).

In the area of pain or inflammation, there
be a blockage somewhere along the path
of the nerve impulse. A weakened current
or even no current at all may then be




produced depressing the response in muscles, glands or
any other organ.

Stimulation by the APS current, is said to create a
normal action potential which is then said to restore the
inherent biochemical processes in the region. This
current stimulates the production of neurotransmitters in
the brain and spinal cord, such as melatonin and
leuenkephalin.2

The understanding of the mechanism of pain control
was enhanced by Melzack and Wall in the 1960's, when
the explanation of a “gate control” theory was
proposed.1 The theory proposes that the type of afferent
input from the periphery affects secondary neurones in
the spinal cord, which will then close the gate to the
incoming messages at this level and thus prevents
onward transmission to supraspinal levels. TENS when
passed through the skin, will inhabit the transmission of
pain from small diameter niciceptive afferents on the
periphery of the nervous system to the second order
neurones in the spinal cord. by activating the large
diameter afferent fibres.

Depending on the frequency of the current, different
mechanisms and areas of the central nervous system will
be activated. In the spinal cord, non-endorphinergic
substances such as dynorphin and enkephalin are
released. In the brain endorphin and serotonin, among
other neuro chemicals, are released. This is the body’s
natural mechanism to combat pain, inflamation and
anxiety. Physiotherapists have the ability to enhance or
stimulate these homeostatic processes with many
electrical currents, and particularly with low frequency
electrical currents. These currents are non-invasive and
haveno deleterious side effects on the system.

Osteoarthritis (OA) is the commonest of all the
rheumatic diseases, and causes symptoms and disability
in a large proportion of elderly people. It presents a
special challenge to clinicians as it is a common cause of
severe, chronic, disabling and intractable pain.

Osteoarthritis is characterised by focal destruction of
cartilage and remodelling of subchondral bone with the
joint capsule, synovial membrane as well as the
ligaments, tendons and muscles surrounding the
diseased joint susceptible to varying degrees of
degenerative change. Alone, or in combination the
profound anatomical and physiological alterations may
produce signs of inflammation, swelling, spasm,
instability, limited motion, deformity, proprioceptive
abnormality, decreased strength, endurance and aerobic
power 3-6, and pain which is the most concern to patients.
The knee is the most commonly involved major joint
affected and is associated mostly with symptoms of pain,
stiffness, inflammation, instability, decreased range of
motion, angular deformity and muscle weakness.”

Due to infection, instability, nerve palsy, vascular
damage, non-union, recurrence of deformity and loosening
of prosthetic components, joint replacement or joint
surgery may not always be the most suitable method of

treating OA of the knee. 3 Unfortunately, of the various
treatments available for the condition, pharmacological
approaches have not always proved efficacious. The excess
mortality among persons with OA is due to their aspirin
usage which caused gastrointestinal disease. Compared to
placebo injections, injections of local anaesthetic or of
corticosteroids given to reduce synovial inflammation,
have not always provided adequate long term pain relief
and have been found to accelerate disease progression. 10

Clinically, the APS therapy may demonstrate rapid
relief of pain, improvement in mobility and ambulation, in
patients with OA knees. These symptom changes may
begin to occur even after the second treatment and often
these improvements persist for a month or more after
treatment has ceased.

In the light of the above observations, it was decided to
study the effects of the APS treatment in a single blind
randomised protocol on 99 patients with osteoarthritis of
the knee. If it is statistically substantiated that APS
therapy assists in the management of the pain and
disability of osteoarthritis of the knee and if, in addition,
there is the unexpected advantage of the reduction of
medication usage, then these patients will indeed have
benefitted from this new low frequency treatment.

Literature Review

The review of literature will encompass the non-surgical
physical management of OA and any particular reference
to treatment with low frequency currents. The main goal
of treatment being to relieve pain, improve mobility and
function.

The most recent report of management of OA knees is an
out-patient programme of physiotherapy which includes:-
an exercise programme of quadriceps; isometrics; active
range of motion stretching; ultrasound; short-wave
diathermy; interferential current; ice; frictions; laser;
education; and gait training. It was concluded that a high
proportion of patients with moderate top severe knee joint
disease may experience continued functional benefits
from a relatively brief out-patient physiotherapy
programme (with a mean number of 15.8 treatments).”

A controlled trial using TENS to treat the pain of
osteoarthritis of the knee!, was reported by Taylor,
indicating that initially there was a 50% reduction in pain,
falling to only 20% at one year.12 There are also a number
of reports of cl9inical success with TENS in arthritic or
specific joint pain. 13.14

Several authors who made log-term studies on the use of
TENS in chronic pain conditions, indicate that TENS
produces a 60 - 80% relief, a proportion of this success
being ascribed to the placebo phenomenon. This latter
effect falls off very rapidly, while the therapeutic efficacy
of TENS tends to decrease more slowly until a stable long-
term success rate 0f 20 - 30% is achieved. 13

Rubrefascients, such as capsaicin cream can be helpful in
relieving the pain of OA joints. Capsaicin depletes sub-
stance P from C-fibres and any action on OA is presumably
due to an effect on peri-articular nerves, includ-
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ing those emerging from the joint and subchondral bone. 16

From the above, if rubrefascients with effects on afferent
nerve fibres can relieve pain in OA knee, then it may be
beneficial to intensively review the old transcutaneous
electrical treatments and consider newly developed, low
frequency currents, to add to the armamentarium of
treatment in this condition.

As was noted in the 1994 edition of the “Textbook of
Pain”, pain remains the main consequence of OA and the
causes of pain and adequate ways of controlling it, have
yetto be discovered.!5

There are a few treatments and limited studies of
physical applications (low frequency currents), that were
found to be effective in the treatment of OA of the knee. It
is therefore necessary to investigate any current that has
the clinical potential to improve this condition.

At the present time there is an obvious scarcity of
published literature on APS therapy. The device was
invented and designed by GA Lubbe in 1991 in South
Africa and marketed in 1994 even without published
studies in peer-reviewed journals.

Aim of the present study

The purpose of the present study was to determine:

1) The effectiveness of APS therapy in patients suffering
from osteoarthritis of the knee, compared with TENS
orplacebo

2) To find the optimum duration and intensity of APS
therapy in the treatment of osteoarthritis of the knee.

Planning

It was decided to examine a sample size of 20 patients per
group. At the time of the study, 120 plus patients applied
to join the protocol and these were randomly allocated
into six groups and then assessed before treatment.

Population

A single blind study was conducted on 99 patients with
osteoarthritis of the knee, under the supervision of a
physiotherapist, associated with the Pain Relief and
Research Unit, Department of Anaesthesiology, Chris
Hani Baragwanath Hospital of the University of the
Witwatersrand. The protocol was accepted b the Ethics
Committee of the South African Medical Research
Council.

These patients were only permitted to present
themselves for the research after they had consulted their
medical practitioner or orthopedic surgeon, and the
diagnoses of osteoarthritis had been confirmed.

All patients presenting for the study were assessed by
one physiotherapist and after fulfilling the criteria for
inclusion in the study were those as identified by the
American College of Rheumatology. 17

Patients had to have both:-
Knee pain and radiological evidence of osteophytic
change.
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Furthermore patients were required to have at least one of

the following three items:-

(i) Crepitation in motion; (ii) morning stiffness of the
knee lasting for at least 30 minutes, or (iii) aged fifty
years or older.

Patients were required to sign consent forms before

commencing treatment. The patients were randomly

allocated to six groups. If patients had symptoms in both
knees, then only one knee was randomly selected for the
study.

Methodology

Patients were assessed before entering the study to ensure
that they met the criteria required and that they were also
screened to eliminate patients who had pacemakers,
epilepsy, cancer, thrombosis and those patients on ant-
coagulant medication. Any electrical current may effect
demand type pacemakers or patients with epilepsy.18.19

The six groups of patients were to receive the following

treatment:-

Group 1: received placebo for 16 minutes from a placebo
APS unit.

Group 2: received the 0.70 mA (or as near as possible) of
APS therapy for 16 minutes.

Group 3: received the highest comfortable dosage of APS
therapy for 16 minutes.

Group4: received TENS therapy for 20 minutes

Group 5: received the highest comfortable dosage of APS
therapy for 8 minutes.

Group 6: received 0.70 mA (or as near as possible) for 8
minutes.

Before the first treatment, patients were assesed by the
one physiotherapist to determine of the patient had the
criteria necessary to participate in the programme. Once
this was established, questions concerning their daily
intake of non-steroidal anti-inflamatory drugs and
analgesics were asked. Other questions included, “the
presence of night pain” and “whether they rubbed or did
not rub their knee for pain relief”, in order to evaluate
changes in the above. It was decided that patients should
continue taking medication as usual.. This was Card
number 1. There were 9 Cards that had to be completed by
the one therapist for evaluation by the biostatistician.
Cards 2 to 7 measured the variables.

The variables measured were:-

1. Selfreported pain measured on a visual analogue scale
(VAS) of pain at the present time.20 A card was
presented to the patient which demonstrated a line
drawn of 10 centimeters, where zero was marked at
the beginning of the line. The zero indicated “no pain”
and 10 indicated the “most severe pain”. This was
carefully and clearly explained to the patient and the
patient was then advised to put an X on the line which
indicated their feeling of pain at the present time.




2. VAS over the past 24 hours. The same procedure was
followed, as above.

3. VAS which indicated self reported walking ability at
the present time. The same procedure was followed as
above, except that the zero indicated that the patient
could “walk easily” and the 10 indicated that the
patient could “not walk at all”.

4. The circumference of the knee as measured by the
same tape measure, 10 centimeters above the upper
border of the patella. This would indicate the change
in swelling at this level.

6 Flexion of the knee as measured by a goniometer, with
the patient in the supine position.

Data was collected before each treatment by the same

physiotherapist.

The patients then received their treatment, (by another
physiotherapist), according to the group to which they
were randomly allocated. All treatments were applied in
the same manner by the same physiotherapist. Four gel
electrodes were placed on the knee in the same
configuration. Two negative electrodes were placed, one
on the anterior and one on the medial knee joint line and
the two positive electrodes were placed with one on the
lateral joint line and one posteriorly, on the popliteal
fossa.

These electrodes were marked positive and negative and
were attached to the corresponding positive or negative
leads. The same application and type of electrode was
used in the placebo and the TENS treatments only. All
patients were advised that they may or may not feel any
current during the treatment.

In Group 1. the placebo treatment was administered
through a modified APS unit for 16 minutes. Although
there was no current passing through the circuit to the
patient. The patient was advised that the treatment may or
may not feel any current during the treatment.

In Groups 2 and 3, the APS treatment was given for 16
minutes. Although there was no current level visible to the
patient. The patient was advised that the treatment may or
may not be subliminal.

In Groups 2 and 3, the APS treatment was given for 16
minutes. Group 2 was given treatment at a dosage of 0.70
mA or as close as possible. This dose is the lowest
effective treatment that can be given with APS therapy,
according to the machine. Group 3 had the highest
comfortable dosage tolerable without discomfort. This is
an individual patient preference.

Group 4 received TENS for 20 minutes. These patients
were also informed that the treatment was subliminal but
most patients were able to tolerate the intensity
comfortably, at 4 mA. This is the level of TENS current
that most patients comfortably tolerate, in clinical
practice, for any condition.

Groups 5 and 6 received 8 minutes of treatment with
APS therapy. Group 5 received the highest possible
comfortable dosage tolerable and Group 6 received 0.70
mA, or as close as possible.

All patients received six treatments on alternate days,
over atwo week period. This was followed by assess-ents,

one month and then three months, after the sixth
treatment. All these measurements were performed by
the same physiotherapist throughout the study.

At the one and three months assessment (Cards 8 and
9), “night pain” and the “use of analgesics and anti-
inflammatories” were also assessed.

To evaluate overall subjective assessment of benefit an
extra question was asked:

“Do you feel that overall, you have benefited from this
treatment?” Scores:-

Yes=1; Stayed thesame=2; No=3

Patients then had to indicate their preference.

All the results were processed by L Matzner, an in-
dependent biostatistician at Medunsa, Gauteng,
Republic of South Africa.

Material used

The equipment used to perform the study were three APS
units, and one placebo unit modified to exclude the APS
current. Sufficient electrodes were made available to be
changed weekly. One TENS unit was used with specific
electrodes changed weekly. Strapping was used to apply
the electrodes firmly and uniformly to the skin. A
standardised goniometer and a tape measure, in
centimeters were used. Cards numbered 1-9 were used
for assessment.

The study

The actual number of patients participating in the study is
shown in Table 1.

A)  Respondents were randomly allocated to each

group.

TABLE 1
Treatment(1-6) 1 Month 3Months
Totalno.99  Totalno:80  Totalno: 50
No.b
Group o.bygroup  No.bygroup  No.by group
1 - Placebo n=17 m=14 mn=14
2-APSlow 16min: n=14 mn=11 mn=11
3-APShigh16min: n=17 m=13 m=13
4-TENS: n=17 m=15 m=15
5-APShigh8min: n=17 m=15 m=15
6-APSlow8min: n=17 m=12 mn=12

As would be expected, a gradual drop-out of patients
took place over time. Due to the nature of the study, very
strict adherence to the protocol concerning consecutive
treat-ments could not be guaranteed. Patients deviating
from the set scheduled dates were excluded from the
study. Those patients who missed more than one
treatment in the order of the protocol of the study, were
removed from the study.

B There was a total of 34.3% males to 65.7% females
with no significant association between gender and
group (p=0.5650).

C) Information provided by Table II on age, indicated
no statistically significant difference found between the
age groups (p>0.05).
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TABLE II

Group Mean age Std Dev Range
Placebo 71 11.0 50 -85
APSlow 16 min: 72 9.8 56 -85
APS high 16 min: 68 14.5 41-90
TENS: 69 12.6 49 -85
APS high 8 min: 64 9.3 50 - 81
APS low 8 min: 64 9.0 49 - 80

There was also no statistically significant association found
between the number of patients taking non-steroidal anti-
inflammatories (NSAIDs) and/or analgesics and treatment
group (p>0.05). The amount of daily medication did not
differ between treatment groups (p>0.05).

D) Baseline values taken before the onset of the first
treatment did not differ statistically for present pain,
pain experienced over the past 24 hours, walking ability
and knee flexion (p>0.05).

However, a statistically significant difference (p<0.05) was
found between the treatment groups for mean baseline
circumference values below and above the patella. No
explanatory reason for this could be found. It was corrected
by statistics in the final analysis.

The above statistical findings demonstrate the principles
of random sampling. Further differences to be found
between treatment groups can, with reasonable confidence,
be attributed to treatment effect and not to confounding
design factors.

Results

Extensive descriptive statistics were evaluated for every
continuous variable by the different treatment groups. The
data was normally distributed.

An analysis of variance (ANOVA) was performed to
determine if differences occurred between the six treatment
groups at the consecutive six treatments and at the two
follow-up assessments. No statistically significant
differences were thus found for present pain, pain
experienced over the last 24 hours, walking ability and knee
flexion (p>0.05).

In the below and above the patella circumference
measurements, it was found that there were differences
already occurring between the treatment groups at
consecutive treatments, for below and above the patella
circumference measurements (p<0.05). As this particular
statistical technique cannot distinguish between differences
due to treatment effect, and differences due to a possible
carry-over effect, the repeated measures analysis of valiance
was used to deal with this problem.

The information relating to the rubbers and non-rubbers
will not be covered in this analysis of the results.

Dunnet’s one-tailed t-test was applied to test for
differences between the placebo group and the five
experimental groups. A statistically significant difference
was found between TENS and placebo (p<0.05) groups, and
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APS low 8 minutes and placebo (p<0.05) groups, at
thethree monthly follow-up for the pain experienced over
the last 24 hours. These two groups thus experienced less
pain than the placebo group.

Differences were detected between various
consecutive treatments within each group. The paired t-
test was applied for continuous variables.

In the present pain analysis, a significant decrease in
present pain between the 3 monthly and 1st treatments
was found within the TENS group (p=0.0411).

Within the APS high 8 minutes group a significant
decrease was found between 2nd and 3rd treatments
(p=0.0442), between 4th and S5th treatments
(p=0.0305), between Sth and 6th treatments
(p=0.0095), and between 1st and 6th treatments
(p=0.0330).

In the pain experienced over the last 24 hours, a
significant decrease was found in the placebo group
between the 1st and 2nd treatments, 1st and 6th
treatments and the 1st treatment and 1 monthly follow-up
(p<0.05). However, a significant increase took place
between the 1 monthly and 3 monthly follow-ups
(p=0.0426).

Within the APS low 16 minutes group, a significant
decrease was found between the 1st and 2nd treatments
(p=0.0275).

Within the APS high 16 minutes group, significant
decreases were experienced between the following treat-
ments:- 1st and 2nd treatments, 1st and 6th treatments,
Ist treatment and 1 monthly follow-up and between the
Isttreatment and 1 monthly follow-up (p<0.05).

Within the TENS group significant decreases were
found between exactly the same treatments as the APS
high 16 minutes.

Within the APS high 8 minutes group, significant
decreases were found between the 1st and 6th treat-
ments, and the 1 treatment and 1 monthly follow-up
(p<0.05).

Within the APS low 8 minutes group, significant
decreases were found between; 1st and 2nd treatments,
1st and 6th treatments, 1st treatment and 1 monthly fol-
low-up and 1st treatment and 3 monthly follow-up
(p<0.05).

With walking ability within the TENS group, signifi-
cant decreases were found between the following treat-
ments:- 1st and 2nd treatments, 1st and 6th treatments,
Ist treatment and 1 monthly follow-up treatments and 3
monthly follow-up treatments (p<0.05).

Within the APS high 8 minutes group, significant
decreases were noticed between the 5th and 6th
treatments (p<0.05).

APS low 8 minutes yielded significant decreases
between the 5th and 6th treatments, and the 1st and 6th
treatments (p<0.05).

In below patella knee circumference, measured in
centimeters, a significant increase was detected in the
placebo group between 3rd and 4th treatments (p<0.05).

Within the APS high 16 minutes group a significant
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decrease in swelling was found between the 1st treatment
and 1 monthly follow-up (p=0.0384).

In knee flexion within the APS low 16 minutes group,
significance was found between Ist and 6th treatment
(p=0.384).

Within the APS high 16 minutes group, significance was
found between 6ht treatment and 1 monthly follow-up
(p=0.0350).

Within the TENS group, a significant increase occured
between the 1st treatment and the 1 monthly follow-up
(p=0.0118)

A highly significant increase in flexion was found in the
APS high 8 minutes group between the Ist and 6th
treatment (p=0.0006). This increase was maintained until
the 1 monthly follow-up (p=0.0159).

No significance was found within the APS low 8§
minutes group with regard to knee flexion..

In the paired T-tests for the combined APS low intensity
groups, in both the 16 minutes and the 8 minutes groups
for pain experienced over the last 24 hours, significance
was found between the 1st and 2nd treatments, 1st and 6th
treatments and 1st treatment and 3 monthly follow-up.
(p<0.05).

Walking ability showed significance between the 1st
treatment and 1 monthly follow-up (p=0.0170).

Knee flexion showed significance between the 1st
treatment and 1 monthly follow-up. (p=0.0405).

In the paired t-test results for the combined APS high
intensity groups, (16 minutes and 8 minutes), with no
regard to present pain, significance was noted between the
following treatments: 2nd and 3rd treatments, 4th and 5th
treatments and 1st treatment and 3 monthly follow-up.
(p<0.05).

For pain experienced over the last 24 hours, signifi-
cance between the following treatments was noted: 1st
and 2nd, 4th and 5th treatments, 1st and 6th treatments,
1st and 1 monthly follow-up treatments, as well as 1st and
3 monthly follow-up (p<0.05).

For walking ability, significance was found between the
Ist and 6th treatment (p=0.0099).

The swelling measured below the patella yielded a
significant difference between the 5th and 6th treatments
(p=0.0489).

A significant increase in knee flexion was experienced
between 1st and 6th treatment (p=0.0068) as well as
between the Ist treatment and 1 monthly follow-up
(p=0.0047).

In the combined APS treatments with a duration of 8
minutes with both high and low intensity for present
pain, significance was noted between the following treat-
ments: 2nd and 3rd treatments, 4th and 5th treatments, Sth
and 6th treatments, 6th and 1 monthly follow-up, 1st and
6th treatments, as well as 1st treatment and 3 monthly
follow-up (p<0.05).

For pain experienced over the last 24 hours, signifi-
cance occurred between :- 1st and 2nd treatments, Sth
and 6th treatments, 1st and 6th treatments, 1st treat-
ment and 1 monthly follow-up as well as between 1st

treatment and 3 monthly follow-u (p<0.05).

Walking ability showed significant improvement
between the 5th and 6th treatments, 1st and 6th treat-
ments, 1st treatment and 1 monthly follow-up as well as
between 1Ist treatment and 3 monthly follow-up
(p<0.05).

Knee flexion showed significant improvement between
the 1st treatment and the 1 monthly follow-up
(p<0.0061).

In the combined APS treatments with a duration of 16
minutes for both high and low intensity pain experi-
enced over the last 24 hours, yielded significance between
the 1st and 2nd treatments, 1st and 6th treatments, 1st and
1 monthly follow-up as well as between the 1st and 3
monthly follow-up (p<0.05).

A significant decrease in swelling was found between
the S5th and 6th treatments (p=0.0442) as well as
between the 1st treatment and the 1 monthly follow-up
(p=0.0244).

Knee flexion showed a significant increase between the
Isttreatment and 1 monthly follow-up (p=0.0244).

Repeated measures analysis of variance was carried
out for continuous variables from the 1st treatment to 1
monthly follow-up. Due to patients lost-to-follow-up,
small sample sizes were experienced at the 3 monthly
follow-up.Inclusion of this last treatment in the repeat-ed
measures analysis of variance could lead to unreli-
able results. Therefore it was decided that the cut off date
was to be at the 1 monthly follow-up.

Thus in the total samples for each treatment group the
results were as follows:-

Present Pain

No statistically significant difference was found between
the treatment groups p=0.2111). However, significant
differences were detected over time within the respec-
tive treatment groups (p=0.0001). No significant interac-
tion was found between treatment groups and between
consecutive treatments over time (p=0.4650).

Pain experienced over 24 hours

No statistically significant difference was found between
the treatment groups (p=0.5711). However, significant
differences were detected over time within the respec-
tive treatment groups (p=0.0001). Significant interac-
tion was found between treatment groups and consecu-
tive groups over time (p=0344). Differences were
calculated between consecutive treatments. These calcu-
lations were found to be of significance between 1st and
2nd, 2nd and 3rd, and 4th and 5th treatments
(p=0.0001, p=0.0001, p=0.0060 respectively). A signifi-
cant difference for these calculations with regard to
treatment groups was found between the 1st and 2nd
treatment (p-0.0111).

Walking ability
No statistically significant difference was found between
the treatment groups (p=0.7316). However, significant
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differences were detected over time within the respec-
tive treatment groups (p=0.0001).No significant interac-
tion was found between treatment groups and consecu-
tive treatments over time (p=0.2266). Differences were
calculated between consecutive treatments. These calcu-
lations were found to be of significance between the 1st
and 2nd, and the 2nd and 3rd treatments. (p=0.0023,
p=0.0004 respectively).

Below patella

A statistically significant difference was found between
the treatment groups at baseline (p=0.0249). No signifi-
cant differences were detected over time within the
respective treatment groups (p=0.1991). No significant
interaction was found between treatment groups and
consecutive treatments over time (p=0.2609). A signifi-
cant difference between treatment groups was found for
the difference between 2nd and 3rd treatments
(p=0.0175.

Above patella
No significance was found.)

Knee flexion

No statistically significant difference was found between
the treatment groups (p=0.5714). However, significant
differences were detected over time within the respec-
tive treatment groups (p=0.1991). No significant inter-
action was found between treatment groups and consecu-
tive treatments over time (p=0.2313). Differences were
calculated between consecutive treatments. These calcu-
lations were found to be of significance between the 1st
and 2nd treatments (p=0.0001).

In the Mc Nemar test for each treatment group, signif-
cant deviation from symmetry was found in the APS
high 8 minutes group, between night pain at onset and
night pain at the 1 monthly follow-up (p=0.003) and
between night pain at onset and the 3 monthly follow-up
(p=0.008).

In the same test the placebo group also had a significant

deviation from symmetry between night pain at onset
and night pain at the 1 monthly follow-up (p=0.003) and
between night pain at onset and the 3 monthly follow-up
(p=0.046).
In the combined APS groups, the MC Nemar test indi-
cated significant deviation from symmetry, between
night pain at onset and night pain at the 1 monthly fol-
low-up (p=0.001), and between night pain at onset, and
the 3 monthly follow-up (p=0.001).

In the TENS group, the MC Nemar test indicated sig-
nificant deviation from symmetry between night pain at
onset, and night pain at the 1 monthly follow-up
(p=0.005), and between night pain at onset, and the 3
monthly follow-up (p=0.008).

In the combined APS groups, the Mc Nemar test also
indicated significant deviation from symmetry between
the use of analgesics at onset, to the use of analgesics at
the 1 monthly follow-up (p=0.001).However this was
not sustained at the 3 month follow-up.

SAJAA

The Chi square test was applied to establish statisti-cal
association between two variables, in this case asso-
ciation of benefit, same, or no association of benefit..

The association between Groups at the 1 monthly fol-
ow-up is demonstrated in table I1I.

TABLE II1 Association between group and 1
monthly overall benefit
GROUP OVERALL BENEFIT TOTAL
Frequency
Percent
Row % YES SAME NO Total
7 7 14
8.75 0.00 8.75 17.50
Placebo 50.00 00.00 50.00
13.21 0.00 63.64
6 5 0 11

7.50 6.25 0.00 13.75
APSlow 16min  54.55 45.45 0.00

11.32 31.25 0.00

10 0 3 13
APShigh16min 12.50 00.00 3.75 16.25

76.92 0.00 23.08

18.87 0.00 27.27

10 5 0 15
TENS 12.50 6.25 0.00 18.75

66.67 33.33 0.00

18.87 31.25 0.00

12 2 1 15
APShigh8min  15.00 2,50 1.25 18.75

80.00 13.33 6.67

8 4 0 12
APS low 8 min 10.00 5.00 0.00 15.00

66.67 33.33 0.00

15.09 25.00 0.00

53 16 11 80
TOTAL 66.25 20.00 13.75 100.00

APS high 8 minutes had the highest row percentage of
the overall subjective benefit for OA of the knees
(p=0.0001).

In the assessment of association between placebo and
the experimental groups, respectively with regard to
outcome of overall treatment benefit at the 1 monthly
follow-up, using the Fisher’s exact test, the following
was found:-

Between placebo and APS high 8 minutes, the placebo
group benefited by 36.84% as opposed to the APS high 8
minutes group, that benefited by 63.16% (p=0.001).

Yet 87.50% of placebo verses 12.50% of the APS high 8
minutes did not benefit from the treatment.

Between TENS and placebo, the placebo group
benefited by 61.11% (p=0.00552).

But 100% of placebo verses 0% of the TENS group did
not benefit from treatment.

Between the combined APS groups and placebo, the
placebo group benefited by 50% as opposed to the com-
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bined APS groups, that benefitted by 70.59%
(p=0.00085).

Therefore 50% of placebo verses 7.84% of the com-
ined APS groups did not benefit from the treatment.

Descriptive statistics on knee flexion were performed
of less or equal to 122 degrees and above 122 degrees.
The median value of knee flexion at onset for the total
sample (n=99) was found to be 122 degrees. The first
quartile of the total sample for knee flexion at onset was
found to be 114 degrees. Again descriptive statistics are
provided for each treatment group. The purpose of this
was to determine if differences occurred between
patients with very limited knee flexion, and those with
not so limited knee flexion.

The paired t-test was applied to the data for knee flex-
ion within each treatment group and these results
indicated the following:-

In knee flexion of equal or less than 122 degrees ver-
sus above 122 degrees, the placebo group demonstrated
significance in knee flexion equal or less that 122
degrees, between the 1st treatment and the 1 month fol-
ow-up (p=0.0018).

In knee flexion of equal or less than 122 degrees, the
APS low 16 minutes demonstrated significance between
the 1st treatment and the 1 month follow-up (p=0.0018).

In knee flexion equal or less that 122 degrees, the
APS high 16 minutes demonstrated significance
between the 1st treatment and the 1 month follow-up
(p=0.0313).

In the APS high 8 minutes significance was demon-
strated in knee flexion of equal or less than 122 degrees
between the 1st treatment and the 1 month follow-up
(p=0.0234) and between the 1st and 6th treatments
(p=0.0050.) Significance was also demonstrated in the
knee flexion of greater than 122 degrees between the 1st
and 6th treatments (p=0.0307).

Discussion

There were over 120 patients that initially joined the
study with confirmed osteoarthritis of the knee. As
expected, a gradual drop-out of patients occurred over
time, thus producing a total number of 99 patients for the
final statistical evaluation. In the patients that par-
ticipated in the study, only two patients left the study
due to pain and swelling after the first treatment
(2.02%). One of these patients was from the TENS
group. Their pain was increased due to irritation by the
current, because of the presence of a metal screw from a
previous osteotomy (this irritation has often been noted
to occur in such patients receiving TENS treatments).
The other patient was in the APS low 16 minutes group,
and swelling and pain increased markedly. This patient
was also allergic to certain medications.

It has also been noted clinically, that patients sensi-
tive to medications, or experiencing allergic reactions
have been found to develop increased swelling and
pain, especially in a joint after APS therapy. In this
situation, shorter treatment duration (4 minutes) and a
lower intensity current (<1 mA) can still be applied,
without exacerbation, in order to give the patient the
benefit of this treatment. It is advisable to give a lower
current intensity (<1.5mA) for the fist two treatments

to an acutely swollen or painful joint, in order to prevent
excess pain and swelling. It is postulated that the
increase of inflammatory exudate released into the local
blood circulation may create a temporary situation of
local joint congestion, only to be greatly lessened over
the following 24 hours.

The age and sex of the patients participating in the
study agreed with population-based epidemiology, that
OA is relatively uncommon until middle age but is
found equally in men and women. However, after the
age of 50 years, there is a steep increase in the
prevalence of the disease in women.8 This study found a
higher prevalence in females (65.7%), in comparison to
males, (34.3%) when suffering from OA of the knee.

The ANOVA did not detect differences between the six
groups, either at the six consecutive treatments or at the
two follow-up assessments. The trend indicated by the
APS high 8 minutes group (figures 1,2 and 3) shows the
most consistent decrease in the present pain, walking
ability and, in the pain experienced over 24 hours. The
flexion graph also demonstrated consistent
improvement of range of movement (figure 4), in the
APS high 8 minutes group.

There were marked differences in the scores of the
present pain and pain experienced over 24 hours. This
may indicate a difference in the types of pain
experienced by these patients, in that the degree of pain
experienced in the present pain is of a lower intensity
than the pain experienced over 24 hours. The former has
a low grade quality, with possible associated depression,
due to its chronicity, whereas the latter may reflect an
acute episode during the period of the last 24 hours. It
may be necessary to address these different types of
pains in the treatment of the osteoarthritis patient.

The Dunnet’s one-tailed t-test found differences
between placebo and TENS and APS low 8 minutes for
pain experienced over the last 24 hours. This was found 3
months after the last treatment, which may infer that
electrical currents are more effective than placebo, even
3 months after the last treatment.

One other difference detected between groups, was in
the repeated measures analysis of variance carried out in
the continuous variables from the 1st treatment to the
one monthly follow-up. These differences were
detected between treatment groups and consecutive
treatments (p=0.0344) over time, only for the present
pain (p=0.0001), pain experienced over the last 24 hours
(p=0.0001), walking ability (p=0.0001) and for knee
flexion (p=0.0001).

The placebo group, as mentioned, did not differ
markedly in the ANOVA from the treatment groups, yet
the validity of the role of placebo in treatment in these
patients would not substantiate it as a stand-alone treat-
ment for this condition. In the paired t-test in pain expe-
rienced over the last 24 hours, a significant decrease of
pain occu