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Abstract

Background: Since 1999, research at the College of Traditional Chinese Medicine at 

the University of Technology Sydney (UTS) has focused on the effects of a series of 

manual acupuncture (MA) interventions upon regional pressure pain thresholds 

(PPT). The present research contains two separate studies and both provided a 

replication of manual acupuncture (MA) to Large Intestine 4 (LI4) (the standard UTS 

intervention) and an acupoint, Liver 3 (LR3), that has been used in a previous UTS 

study. The current study extends the research to examine the effects of 

electroacupuncture (EA) and transcutaneous electrical nerve stimulation (TENS) on 

regional PPT. In addition, the research examined a range of variables that could 

possibly influence the PPT values obtained, independent of experimental 

interventions, and thus impact on the reliability of the algometry technique and 

experimental design employed.
Aims: Study 1: To compare the effects of MA to LI4, TENS to LI4, EA to LI4 and EA 

to LR3 on PPT measured at ten regional sites.
Study 2: To compare the effects of MA to LI4, MA to LR3, EA to LR3 and EA to a 

nonacupoint (NAP-Foot) on PPT measured at ten regional sites.
The reliability of algometry study: To compare mean PPT values (kg/cm2) by regional 

site and gender. To evaluate the stability of regional PPT values (kg/cm2) by site over 

time with respect to two timeframes; (i) extended time frame of at least four weeks; 

(ii) sequence of five measures within ten minutes.

Design: Both Study 1 and Study 2 were within subjects experiments that used the 

same research paradigm including randomisation and dual blinding (subject and 

assessor) and involved healthy volunteers. PPT was measured before and after each 

intervention at ten PPT measurement sites (both acupoints and nonacupoints) across 

the body. In addition, subjects rated their levels of pain, intervention sensation and 

tension experienced during, and anxiety prior to the intervention, on visual analogue 

scales (VAS).

The data for the reliability of algometer study were collected as the baseline PPT 
values (kg/cm2) for all subjects and across visits in Study 1 and Study 2.

Resuits: Study 1: Among the ten sites significant increases from preintervention PPT 

means were obtained at eight sites following MA to LI4 (mean PPT range 3.5%- 

10.4%), six sites following TENS to LI4 (3.4%-10.9%), and nine sites following both 
EA to LI4 (6.4%-15.8%) and EA to LR3 (6.4%-10.9%). The effects on PPT of EA to 

LI4 were significantly greater than that produced by TENS to LI4 at four sites; and
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that of MA to LI4 at two sites. EA to LR3 significantly elevated PPT more than TENS 

to LI4 at two sites; and that of MA to LI4 at one site.
Study 2: Following both MA to LI4 and EA to LR3 significant increases in mean PPT 

were achieved at all ten sites (ranging from 9.6% - 15.6 and 8.6% - 16.9% 

respectively). For both MA to LR3 and EA to NAP-Foot the significant increases 

involved nine of the ten measurement sites (ranging from 8.1% - 16.4% and 7.1% - 

12.7% respectively). EA to NAP-Foot was significantly less effective than MA to LI4 

(two sites), MA to LR3 (two sites) and EA to LR (three sites). The effect on PPT of 

MA to LI4 and EA to LR3 were statistically greater than that produced by MA to LR3 

at one site each. For both studies, the analyses of the subjective perceptions 

associated with each intervention showed that nonspecific effects did not appear to 

contribute to changes in PPT. Results from Study 1 and 2 found that TENS, EA and 

MA were all effective in increasing PPT. While TENS was less effective it should be 

noted that the way the TENS intervention was set up was not typical of a clinical 
treatment.

The results from the reliability of algometry study showed that typically males had 

higher PPT values (kg/cm2) than females. While mean PPT values remained stable 

in a sequence of five measures over a ten minute period, the longer timeframe of four 

weeks did affect mean PPT levels, independent of gender. Typically, for both 
genders, mean PPT was lower at the first visit compared with the fourth visit. This 

may reflect changes in familiarity with the experimental protocol.
Conclusions: The PPT effects following MA to LI4 were consistent with previous 

research at UTS. The interventions of EA to LI4 and EA to LR3 elicited similar 

significant increases in mean % PPT to those following the UTS standard 

intervention of MA to LI4. The results of the reliability of algometry study illustrate the 

importance of well controlled experimental design. The randomisation process must 

ensure equal proportions of subjects will receive each different intervention at each 

visit in sequence and if males and females are involved, a stratification of 

randomisation is required so that a balanced design by gender and visit is achieved. 

Where possible, a within subjects experimental design should be considered.
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CHAPTER 1: INTRODUCTION
1.1 Background

Through the beliefs and practices from ancient China, acupuncture has 

evolved to become the medical tool it is today. The first acupuncture text is 

generally thought to have been written over 2000 years ago. The Nei Jing Su 

Wen Ling Shu contains the philosophy of TCM and attempts to define terms 

such as qi (life force/energy) and how it moves through acupuncture points 

and channels (Deadman 1999). Although there is much empirical evidence 

recorded to suggest that acupuncture has been of benefit to people since its 

inception, much argument still continues over the reality of TCM concepts 

such as qi, acupuncture points and channels.

Since the 1970s research into TCM has increased exponentially (Chen 1996, 

Han 2004). However at present evidence concerning the existence of qi, 

acupuncture points and channels remain inconclusive. Unfortunately, these 

and many other TCM concepts have not been the focus of research. Instead, 

studies have concentrated on testing the ability of acupuncture in clinical 

situations to alleviate pain and the inconvenience of many common aliments.

In general, the aim of most acupuncture research has been directed towards 

determining whether acupuncture has a specific therapeutic effect. Only 

secondly to improve techniques employed in the clinic. However clinical 

research is typically problematic and expensive and so requires extensive 

groundwork. By contrast experimental pain research offers many advantages 

over clinical pain trials including: reduced human costs, minimal problems with 

ethical approval and efficient data collection that yields results that are 

generally statistically more powerful (Walsh 1998).

A large proportion of TCM research into the effects of acupuncture on 

Western medically defined conditions has failed to control potentially 

important extraneous variables due to shortcomings in the research design 

and procedures adopted. Frequent examples encountered include absence of 

an comparison or control group, nonrandomisation, failure to blind subjects 

and or experimenter and incomplete documentation of the experimental
l



procedures. Such limitations not only make replication of the research difficult 

(or impossible) but more importantly, cast doubt about the reliability and 

validity of the research, and fail to assist acupuncture to advance as a health 

science.

Research into acupuncture has also been directed towards identifying the 

possible neurophysiological effects that occur as a result of an acupuncture 

intervention, with particular interest in the release of several neurotransmitters 

(dynorphin, endorphins, enkephalin, serotonin). This line of research is both 

intriguing and notable for several reasons. For example electroacupuncture 

(EA) interventions have been used more than manual acupuncture (MA) to 

analysis these neurophysiologic changes. This In spite of (a) EA being of 

recent adoption by acupuncturists and certainly not part of traditional 

acupuncture practice or theory; (b) a lack of evidence to indicate that EA and 

MA have similar modes of action or produce of similar effects; and (c) animal 

studies vastly outnumbering the human studies in this research area, raising 

the important and unanswered questions of whether acupoints and channels 

exist in other species (frequently rats are the experimental subjects) (Chen 

1996 Han 2004).

Thus again the failure of much sophisticated research to address the basic 

assumptions that underpin the theory and practice of acupuncture (and TCM 

in general) means study findings no matter how reliably measured, may be 

difficult or impossible to interpret in relation to acupuncture theory - which is 

surely the aim of the research (Han 2004, Wu 2007).

1.2 Back to basics

At the University of Technology, Sydney (UTS), research in the College of 

Traditional Chinese Medicine has focused on examining the reliability of 

definitions of basic TCM concepts to lay the groundwork and direction for 

future studies in acupuncture. The research has provided concrete operational 

definitions for some TCM key terms that are often vaguely defined “Coyle et al 

2000, Aird et al 2000 and King et al 2002”.
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In addition, a number of UTS research projects closely related to the current 

study have been conducted. Zaslawski et al (2003) studied several 

fundamental parameters involved in the testing the ability of acupuncture to 

raise pressure pain threshold (PPT) in healthy human subjects. Parameters 

studied included insertion site (real acupuncture points or non-acupuncture 

points), depth of needle insertion (shallow and deep), and presence or 

absence of needle manipulation.

The project focused on the acupoint Large Intestine 4 (LI4) because it is used 

clinically for pain relief (Rogers and Rogers 1999, Deadman 1998, Ding 1991) 

and there is some experimental evidence that needling LI4 increases pain 

threshold (Chiang et al 1973, Stacher et al 1975, Mayer et al 1997, Brockhaus 

et al 1990). The results of Zaslawski et al (2003) were that deep needling of 

LI4 with manipulation led to statistically significant increases in PPT that was 

generalised across the body. As a result, this style of deep needling with 

standardised application of manual manipulation was adopted for all future 

UTS, and for convenience shall be defined as manual acupuncture (MA) in 

relation to all research.

The following two UTS studies further expanded the types of MA 

interventions. This included the introduction of two new insertion sites that 

were needled both individually and in combination with LI4 both unilaterally 

and bilaterally. Details of these projects are outlined within the Literature 

Review Section 2.4.4.

The current study turned attention to electro stimulation through both 

transcutaneous electrical nerve stimulation (TENS) and electro acupuncture 

(EA). Electro stimulation involves a stimulator unit that delivers an electrical 

charge carried by electrons through wires to needle (subcutaneous) or 

electrode (transcutaneous) for EA and TENS respectively. The human body’s 

electrical charge is carried by ions. The needles/electrodes provide the 

transition interface for electrons to influence the body’s ions. More research 

into TENS’ ability to raise pain threshold has being conducted compared to 

EA. TENS has the advantage of been safe for the general public to self 

administer. Both TENS and EA stimulation rely on two important factors,
3



which are the frequency and intensity of stimulation. Both of those factors will 

be standardised in the current study.

With the development of the algometer, it became possible not only to 

measure palpation pressure accurately, but also to control the rate at which 

palpation pressure is applied, and the size of the area to be palpated

The algometer is a spring loaded pressure gauge, attached to a rubber 

plunger that is placed at a perpendicular angie to the skin surface. Pressure is 

steadily applied until the subject reports pressure pain threshold (PPT) 

defined as the minimum amount of pressure that evokes a report of pain. 

Algometry has been used to evaluate the effects of analgesic medication, 

stress and body work, such as acupuncture and physiotherapy (Clutton-Brock 

1961, Dundee 1960, Jensen 1986, Buchanan et al 1987, Farber et al 1997, 

McDowell et al 1999; Chesterton et al 2002, Chesterton et al 2003, Zaslawski 

et al 2003).

Algometry has been used throughout all UTS PPT research to evaluate the 

effects of the various interventions on pain thresholds. Additionally the current 

study will examine the reliability of measuring PPT within factors such as 

gender, visit order and measure order.

1.3 Replications and expansions of previous acupuncture related 
studies at UTS

Zaslawski et al (2003), Yuan (2002) and LI (2005) have demonstrated a 

reliable research method that can be applied to many related research 

questions of the present project. The two studies in this thesis have been 

designed to both partially replicate and to extend previously cited UTS 

studies.
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The first study reported in this thesis was designed to:

• provide an essential replication of the study into the effects on regional 

PPT of bilateral MA to LI4;

• introduces two new modalities of treatment firstly EA to study the 

effects on regional PPT. Two EA interventions were bilateral EA to LI4 

and the second was bilateral EA to LR3;

• introduce TENS which was applied bilaterally to LI4 to study the effects 

on regional PPT;

• compare the effects on regional PPT of three intervention types to LI4: 

MA, EA and TENS;

• compare the effects on regional PPT elicited by MA to LR3 (reported by 

Yuan 2002) and EA to LR3;

• introduce two new regional measurement sites (while maintaining eight 

sites used in the previous related research) in order to determine 

whether they are consistent with those predicted by Western neural 

segmental theory or TCM channel theory or consistent with previous 

UTS research findings that intervention effects on regional PPT were 

generalised.

The second study was designed to:

• provide a further replication of the study into the effects on regional 

PPT of deep manual needling with manipulation of LI4;

• replicate the previous research by Yuan (2002) involving MA to LR3 

and Study one of this thesis involving EA to LR3;

• examine the effects on regional PPT of EA to a nonacupoint (NAP).
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The extensive data collection for these two research studies made it possible 

to undertake an important evaluation of the reliability of the algometry 

technique. Section 2.2 of Chapter 2 highlights the lack of standardisation of 

algometry techniques and procedures used throughout relevant research 

projects. Algometry parameters where inconsistency was found included 

gender factors and the stability of PPT throughout repeat readings within a 

single visit and across a series of visits.

From the extensive database of baseiine (ie preintervention) PPT values the 

two studies outlined above it was possible to undertake a wide ranging 

analysis in relation to such factors. As there were two separate data sets 

available, this made it possible to examine the consistency of the findings in 

relation to many of the same variables, thus serving as a replication study. 

These separate and combined analyses are presented as Reliability of 

algometry study.

1.4 Aims for Study 1

To compare and evaluate the effects of MA (LI4), EA (LI4; LR3) and TENS 

(LI4) on mean PPT measured at ten regional sites.

To compare the distribution (segmental, extrasegmental or generalised) of 

regional PPT effects of the four interventions.

To compare subjects’ perceptions of each intervention in relation to pain, 

sensation, anxiety and tension.

To compare subjects’ perceptions of the acupuncturist’s behaviour for each of 

the interventions.

1.5 Aims for Study 2

To compare and evaluate the effects of MA (to LI4; LR3) and EA (to LR3; 

NAP-Foot) on mean PPT measured at ten regional sites.
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To compare the distribution (segmental, extrasegmental or generalised) of 

regional PPT effects of the four interventions.

To compare subjects’ perceptions of each intervention in relation to pain, 

sensation, anxiety and tension.

To compare subjects’ perceptions of the acupuncturist’s behaviour for each of 

the interventions.

1.6 Aims for the reliability of algometry study

To compare mean PPT values (kg/cm2) by site and gender.

To evaluate the stability of regional PPT values (kg/cm2) by site over time with 

respect to two timeframes; (I) extended time frame of at least four weeks; (II) 

sequence of five measures over ten minutes.
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1.7 Format of Thesis:

Chapter 1: Introduction

Details the background to the present studies, including previous 

related UTS studies.

Chapter 2: Literature review

There are two main sections to this review. The first addresses the 

reliability of algometry and the second examines research into the 

effects of MA, EA and TENS on experimental pain threshold. Also 

reviewed are the different electrical stimulation parameters used in 

relevant research. This section also justifies the interventions chosen in 

the present research.

Chapter 3: Methods

The chapter describes the experimental design and procedures 

including the rationale for the statistical model and analysis applied. In 

view of the similarity of methods used in both Study 1 and 2, the 

methods section for the latter study documents only differences from 

Study 1.

The reliability of algometry study uses the baseline/preintervention PPT 

data that was collected throughout Study 1 and Study 2. The analyses 

of this baseline PPT data are presented in Chapter 4 because it 

addresses concerns that could be raised in relation to interpreting the 

results for both Study 1 and Study 2.

Chapter 4: Results and discussion for the reliability of algometry study

This chapter examines and compares the baseline PPT data obtained 

for both Study 1 and Study 2 to compare mean PPT values (kg/cm2) by 

site and gender and evaluate the stability of regional PPT values 

(kg/cm2) by site over time with respect to two timeframes; I) extended
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time frame of at least four weeks; (II) sequence of five measures over 

ten minutes.

Chapter 5: Results: Study 1 and Study 2

The effects on PPT elicited by the various interventions are presented 

separately for the two intervention studies. In general the presentation 

of results follows the same order as previously stated research aims. 

To assist the flow of content, the analysis of variance tables have been 

placed in Appendix II and only the 95% simultaneous confidence 

intervals (Cl) and associated post hoc significance levels are reported 

in the tables and text.

Chapter 6: Discussion and recommendations for Study 1 and Study 2

This chapter discusses a range of implications arising from the results 

of the two studies and includes future directions.

References

Appendix I: Reliability of algometry study

Presents the statistical analysis tables from the ANOVA General Linear 

Model (GLM) applications to the data analysised throughout the 

reliability of algometry study. These are presented under the headings 

found in Chapter 4.

Appendix II: Statistical analysis tables

Presents analysis tables from the ANOVA General Linear Model (GLM) 

applications to the data in Study 1. These are presented under the 

headings found in Chapter 5.1. Additional related tables and for the 

data prior to applying the log transformation to the percentage change 

in PPT is provided.

9



Appendix III: Statistical analysis tables

Presents analysis tables from the ANOVA General Linear Model 

(GLM) applications to the data in Study 2. These are presented 

under the headings found in Chapter 5.2. Additional related 

tables and for the data prior to applying the log transformation to 

the percentage change in PPT is provided.

Appendix IV: information sheet and consent form for participation sheet.

Appendix V: Photo of the algometer.
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Chapter 2: Literature review
Measuring pain in healthy individuals in the experimental setting is typically 

measured using either pain threshold (defined as the minimum amount of 

stimulation that reliably evokes a report of pain) or pain tolerance (defined as 

the time that a continuous stimulus is endured or the maximal tolerated 

stimulus intensity) (Wall and Melzack 1994). While both measures have 

advantages and disadvantages, the choice of pain threshold for the present 

study was based on ethical considerations (minimization of discomfort to 

subjects), given that any method that involves application of a noxious 

stimulus to pain tolerance has the potential to damage tissues.

This chapter first reviews the techniques used to measure pain thresholds and 

then focuses on the reliability parameters of algometry. Subsequent sections 

address research that has assessed changes in pain threshold in humans 

where the intervention(s) included one or more of either MA, EA or TENS. A 

systematic search of the following electronic databases (Medline, Allied and 

Complementary Medicine and Health Services technology) was conducted 

using the keywords: pain, experimental pain, electrical pain, ischaemic pain, 

pressure pain, acupuncture, algometry, electroacupuncture and 

transcutaneous electrical nerve stimulation.

Although animal studies were not considered for the bulk of this review, some 

particularly well controlled studies were included in Section 2.5. These studies 

were included because they contain wide ranging information concerning the 

effects of applying various frequencies of electrical stimulation, and therefore 

pertinent to the present research.

2.1 Methods of measuring pain threshold

2.1.1 Electrical pain

Electrical stimulation has been widely used to measure pain thresholds. A site 

of the body receives the stimulation, which is gradually increased in intensity 

until the subject indicates when the stimulus reaches a painful level. This
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technique has several disadvantages. It requires a sophisticated and isolated 

power source. Pain threshold measurement sites require meticulous 

preparation to ensure reliable electrical contact. In the present study where 

ten measurement sites were used this would require preparation of all sites 

before and after each intervention that would be time consuming and possibly 

irritating for the research participant.

2.1.2 Ischaemic pain

Ischaemic pain threshold is measured using a sphygmomanometer (blood 

pressure) cuff around the arm or leg. Therefore, measurements are restricted 

to limbs and repeated measurements are time consuming because the onset 

of the ischaemic pain threshold is slow to develop as is the return of normal 

blood circulation to the limb. This procedure therefore, was unsuitable for the 

present research which required both multiple measurement sites across the 

body and repeated measures at all sites.

2.1.3 Thermal pain

Thermal pain thresholds studies have used either heat or cold as the stimulus. 

However for both approaches, comparisons between studies are difficult to 

interpret because of the variety of temperatures, application procedures and 

size of the body area that have been employed to induce pain. Cold induced 

pain, via placing the hand in ice, has the limitation of only assessing a change 

of pain threshold of one part of the body. Regulating the temperature in ice 

baths can be difficult to manage. In addition, thermal pain tends to be directed 

at the superficial nervous tissue, while most clinical pain cases (apart from 

some burns and cuts/abrasions) concern the underlying/deeper tissues of the 

muscles, tendons, ligaments and bone. Johnson (1989) and Aston (1984) 

used the thermal pain threshold design, both concurred that there was large 

inter-individual variation in relation to preintervention pain thresholds 

suggesting difficulty in establishing a baseline.
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2.1.4 Pressure pain

The technique of using an algometer (photo in Appendix V) to attain pressure 

pain thresholds (PPT) has in recent years become increasingly widely used to 

examine pain involving subcutaneous and underlying tissues. Following 

extensive research, algometry has been demonstrated to provide a reliable 

method for measuring PPT for both experimental pain and clinical conditions.

The algometer has several advantages over the pain challenges discussed 

above and especially if pain thresholds are to be measured (and remeasured) 

at a variety of sites on the same subject. The unit is easy to use and no 

complicated or problematic preparation is needed (Ohrbach and Gale 1989, 

Antonaci et al 1992, Fisher 1987, Brennum et al 1989, Kosek et al 1993, 

Farber 1997, Walsh et al 1998, McDowell et al 1999, Chesterton et al 2002, 

2003, Zaslawski et al 2003).

2.2 Review of the reliability of algometry parameters

With the focus on studies that address the reliability of algometry, this review 

has been structured into sections that discuss parameters of algometry such 

as tip size, rate of pressure application, reliability between observers, the 

number of PPT measures in a single session and reliability between separate 

sessions. In addition, reported effects of factors including age, gender and 

laterality on PPT have been included. Publications included in this review 

were sourced from the Medline, AMED and Health Star electronic databases.

2.2.1 Rate of pressure applied

The rate at which the algometer pressure is applied is a crucial component 

that must be standardised throughout the application of this technique, if the 

pressure is applied too slowly, it is difficult for the subject to clearly identify the 

change from pressure to discomfort/pain. If the pressure is applied too rapidly 

there is a danger that the person applying the pressure will overshoot the 

endpoint signalled by the subject as the PPT (Fisher 1986, Lee et al 1994).
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Fisher completed two algometry studies in 1986 in which one used a pressure 

application rate of 0.1 kg/sec the other, 1 kg/sec. He reported that the PPT 

ranges were more stable when using a rate of 1 kg/sec. Seven out of the 15 

papers reviewed adopted this rate, while the other authors reported rates from 

0.1 kg/second to 2kg/second (Merskey and Spear 1969; Fisher 1986; Reeves 

et al 1986, Vatine et al 1993, Hogeweg et al 1992, Nussbuam and Downes 

1998 and Orhbach et al 1998). Interestingly Orhbach in 1989 used 0.4kg/sec 

but in 1998 used a rate of 1 kg/sec. All of the UTS studies involving aigometry 

have used the rate of 1 kg/sec.

2.2.2 Diameter of the algometer tip

While diameter of the algometer tip is another pivotal part of algometry, there 

is no agreed standard that should be used. Tip sizes reported have ranged 

from 0.3cm to 2cm in diameter. Defrin et al (2003) studied the effect of 

electronic algometer tip diameter on PPT in the hand, pain-free back and 

myofascial trigger points in the back. All 26 subjects (16 females) had PPT 

measured at each test site by using three different diameter algometers tips 

(0.5, 1 and 2cm) in a single session. PPT at each test site was measured 

three times in succession by same diameter algometer tip, with a 45 second 

gap between measures. The three different types of algometers were 

introduced in random order, however the time period between using the 

different algometers was not stated. The rate of pressure was established at 

0.3kg/sec for each algometer. The statistical analysis indicates that PPT 

decreased significantly in all regions with an increase in algometer tip 

diameter.

These findings suggest that ranges of PPT stated in studies should be 

compared with caution if they were obtained with different sized algometer 

tips. Fortunately of the 15 studies that reported tip diameter, ten used 1cm2 

tips (Fisher 1986; Fisher 1986; Reeves et al 1986; Hogeweg et al 1992; 

Antonaci et al 1992; Kosek et al 1993; Lee et al 1994; Nassbaum and 

Downes1998, Defin et al 2003, Chesterton et al 2003). All UTS studies 

involving algometry have used an algometer with a circular tip of area of 1cm2.
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2.2.3 Stability of PPT readings over time

An important concern for all PPT studies is the stability of PPT for a given site 

within the same healthy subject over extended periods of time (least a week). 

If the threshold were stable then this could have implications, for example, 

should changes of PPT accompany the onset of an illness.

Only one at of the six papers that studied this component of algometry 

reported an inconsistency between sessions. Kosek and colleagues (1993) 

studied PPT over three sessions, at intervals of one week and third session 

ten weeks later. No significant difference was found between the first two 

sessions, however the third session produced mean PPT levels that were 

significantly higher than both first (16.6%) and second (14.8%) sessions.

Orhbach et al (1989) measured PPT over four sessions, one week apart and 

the final session was at eight weeks. No significant changes were found in 

mean PPT between any of the four sessions. Similarly, no significant changes 

in mean PPT were found by any of the other four papers, which studied 

reliability of algometry between consecutive days (Brennum et al 1989, 

Nussbaum and Downes 1998, Vatine et al 1993 and Hogeweg et al 1992).

In the present study each subject was required to complete at least four 

intervention sessions at intervals of at least one week. Thus the study 

generated an extensive database of baseline/preintervention PPT measures 

that employed a standardised application technique and that included both 

five repeated measures on the same subjects (n=44) and ten regional sites on 

the same day and also on four separate occasions at intervals of at least one 

week. Such an extensive database of standardised baseline PPT represents 

possibly an unparalleled resource for examining the stability of PPT over time 

in heaithy subjects.
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2.2.4 Optimum number of PPT measures required in a single session

Researchers have not reached agreement concerning the optimum number of 

repeated measures of PPT required in a single session. Some suggest that 

the first measure at each site should be a practice measure and so, not be 

used as the subject/client is acclimatising to the procedure. However at least 

four studies (Fisher 1986, McKendal and Haier 1983, Brennum et al 1989 and 

Orhbach et al 1998) obtained only single measures from each site.

While four studies used the mean of two measures for statistical analysis; 

however, none of them analysed differences between the two measures 

(Merskey and Spear 1964, Reeves et al 1986, Buchanan et al 1987 and Lee 

et al 1994).

In 1993 Kosek and colleagues reported that the mean PPT for the first 

measurement cycle at each of the three sessions was significantly higher than 

the mean of the second measure. In contrast Chesterton (2003) who 

measured PPT twice, with a ten second interval between the measurement 

pair and repeated the procedure every ten minutes for an hour, found no 

significant difference between the mean of the first and second measure in 

each pair of measurements.

Similarly, in studies where three measurements have been made, the findings 

vary. Antonaci and colleagues (1992) found no significant difference between 

the mean PPT of three measures taken 15 minutes apart. Nussbaun and 

Downes (1993) measured PPT three times, 10 seconds apart, over three 

consecutive days. On each day the mean PPT of the first measure was 

significantly lower than the mean of the second and third PPT reading.

The present UTS research involving aigometry, measured PPT five times in a 

sequential order with an interval of two to three minutes between each 

measurement at the same location (ten locations). The present data analysis 

will assist to evaluate the stability of regional PPT values (kg/cm2) by site over 

a sequence of five measures over ten minutes.
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2.2.5 Gender and PPT

Relatively more attention has been directed towards possible gender 

differences in PPT levels. Six of the eight papers that assessed the link 

between gender and PPT found that males had significantly higher (between 

11% and 21%) mean PPT compared to females (Merskey and Spear 1964, 

Fisher 1986, Brennum et al 1989, Buchanan et al 1987, Lee et al 1994 and 

Chesterton et al 2004).

Merskey and Spear (1964) reported that the means for all three test sites 

were significantly lower in females (4.5kg) than males (6.3kg). Similarly, men 

(4.2kg - 7.4kg) had a significantly higher mean PPT than women (2.9kg - 

6.1kg) in seven of the nine test sites studied by Fisher (1986). Buchanan and 

Midley (1987) measured PPT for 26 men and 26 women and reported 

significantly higher mean PPT values for men (1.2kg - 3.7kg) than women 

(0.7kg - 2.7kg) at all five sites.

Brennum et al (1989) who studied PPT of the fingers and toes found that PPT 

for men was 50% higher than for women. While no mention of the difference 

in digit diameter of the women and men was recorded, it is likely that the 

women had smaller digit diameter than the men, therefore the algometer tip 

would be relatively larger for women than men. This could account for the 

difference in PPT as Defin et al (2003) found that algometer tips with larger 

surface area resulted in lower mean PPT when compared to measures with a 

smaller algometer tip.

The results reported by Lee et al (1994) indicate that there were gender and 

age related differences in PPT. The mean for six of the 13 measurement sites 

were significantly different in subjects in their teens, 12 sites for those in their 

20s, nine sites for those in their 30s, five sites for those in their 40s and four 

sites for those in their 50s. Chesterton et al (2004) measured PPT on the 

dorsal surface between the thumb and forefinger. The mean of the two 

measures showed women had a 28% lower PPT.
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Antonaci et al (1992) found PPT of men and women did not differ at any of the 

11 test sites on the head region. While Vatine et al (1993) found that when 

considering the mean PPT for all three test sites in the head or sternum region 

had no significant differences between males and females.

In summary it appears likely that men have higher PPT levels than women 

although this relationship may relate to specific body sites or regions. In view 

of the range of measurement sites included in the current study, it is possible 

to examine the possible relationships between gender and measurement sites 

and PPT since from the published findings to date, measurement site cannot 

be ruled out as an influential factor. Studies by Antonaci et al (1992) and 

Vatine et al (1993) that found no gender differences both tested sites 

predominantly in the head region. The current study of PPT can examine 

gender differences at sites from the sole of the foot to the back of the skull 

and on the face.

Most algometry studies have concluded there is good reliability between 

different persons who are measuring PPT at most sites in the body. Debate 

remains over the reliability of PPT measures between different sessions on 

the same subject and of the initial PPT measure obtained in a series of 

repeated measures. Although many health practitioners (and some 

researchers) only conduct single PPT measures to evaluate intervention 

responses and it is not known whether this is a valid approach.

2.3 Experimental pain research related to the current research 

interventions

2.3.1 Ischaemic experimental pain research

A study by Woolf (1979) conducted with 80 volunteers used thermal, 

mechanical and ischaemic experimental pain to assess the ability of TENS to 

raise pain threshold. The electrodes were placed over the median and ulna 

nerves, proximal to the sphygmomanometer cuff during the ischaemic pain 

procedure. Stimulation of the electrodes for all three intervention groups used 

a frequency of 100Hz, pulse duration 0.25ms, and intensity of 2V, 10V or 20V.

18



Al! three intensities of TENS significantly elevated pain threshold compared to 

the control group. Unfortunately the description of the methods and allocation 

procedures were inadequate which detracts from the value of the findings.

Roche and colleagues (1984) used, TENS electrodes placed over the median 

and ulna nerves, distal to the sphygmomanometer cuff. The interventions 

used was continuous TENS 100Hz, 1ms pulse duration, high intensity of 

14.2V, and train TENS 5Hz, 100ms pulse duration and stimulus intensity of 

3.7V. No information concerning the length of intervention period was 

described and subjects were not familarised with the pain challenger; the, 48 

volunteers were randomly allocated to the control, placebo TENS or one of 

the two intervention groups. Both of the active TENS groups showed similar 

significantly elevated pain tolerance of ischemia when compared to the control 

and sham TENS groups.

Also using the ischaemic pain model, Walsh et al (1995) assessed the effect 

of TENS using a controlled, double blind design. Healthy females (n=32) were 

randomly allocated into one of the following four groups that included control 

and placebo groups. The real intervention groups received TENS proximal to 

the sphygmomanometer cuff at a frequency of either 110Hz or 4Hz. The 

intensity for both the high and low frequency TENS groups was defined as 

‘strong but comfortable’.

Results were recorded using both a computerised visual analogue scale 

(VAS) and the McGill Pain Questionnaire. The 4Hz TENS produced a 

significantly greater increase in mean pain threshold than did the 110Hz 

TENS, control and placebo conditions.

In 2000 Barlas and colleagues investigated the effect of true and sham MA on 

pain threshold. The results were recorded using a computerised VAS and the 

McGill Pain Questionnaire. The 60 healthy volunteers were randomly 

allocated to one of the five experimental groups. All subjects except for those 

in the control group, received needle insertion.
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The first treatment group received acupuncture to real acupoints, which were 

situated distal to the tourniquet. The second treatment group received 

acupuncture to real acupuncture points all situated proximal to the tourniquet. 

The first placebo group received standardised minimal stimulation 

acupuncture to a group of “mock points” on the flexor aspect of the forearm. 

The second placebo group received minimal stimulation acupuncture to all the 

points used in both the real MA treatment groups.

While there were significant differences in mean VAS scores for ail groups 

over time, there were no significant differences between any of the groups 

including the control. This may reflect the small sample of 12 per group and 

associated low statistical power of the study.

From the above four ischaemic pain studies, it is noted the mean pain 

threshold was significantly elevated whether the intervention took place 

proximal or distal to the cuff. Therefore it does not appear important whether 

the TENS is applied proximal or distal to the pain source providing it is 

equidistant.

2.3.2 Thermal experimental pain research

Thermal experimental pain to the thenar eminence of the palm, with a cross 

over design was used by Croze et al (1976). Pain thresholds of needling the 

acupoints L110 and ST36 were compared to needling non-acupoints located 

1cm away from the acupoints. The study only included eight subjects and 

variable results were reported. Four subjects reported a significant increase in 

pain threshold while four showed no change in pain threshold. Inadequate 

description of the methods and allocation procedures detracted from the 

studies value.

Thermal pain to the forearm was one of the pain challengers used by Woolf 

(1979) to compare placebo TENS with 2V, 10V and 20V TENS at the median 

nerve. All three real TENS groups received TENS at a frequency of 100Hz, 

with pulse duration of 0.25ms for 30 minutes.
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Only the 20V intervention was followed by a significant increase in both the 

mean pain threshold and pain tolerance. Again inadequate description of the 

methods and allocation procedures detracted from the studies value.

The effects of bilateral MA to SP6 and LI11 were evaluated by Lin et al (1982) 

on thermal experimental pain applied to the palm of the hand and soles of the 

foot. The results were variable with right SP6 producing a significant increase 

in mean pain threshold on the sole of the right foot only and left L111 

producing a significant increase in mean pain threshold on the right foot only. 

Small subject numbers, inadequate description of the methods and allocation 

procedures render the results inconclusive.

A study of the effect of manual acupuncture, TENS (8Hz or 100Hz) and 

placebo intervention on experimental pain induced by cold water immersion of 

the dominant hand was conducted by Ashton et al (1984). Subjects were 

familarised with the pain challenger by practice immersion of the nondominant 

hand. Random allocation of the 46 healthy volunteers to the groups was 

conducted. Intensity of TENS stimulation was defined as ‘strong but 

comfortable’.

TENS was delivered to the ventral surface of the forearm while the 

acupuncture group was needled at PC7 (anterior surface of the forearm). The 

placebo group subjects were asked to drink a glass of lactose/water. It was 

suggested to this group that the glass contained a strong analgesic.

There were significant variations in baseline pain thresholds between 

individuals. Since no crossover design was used this variability may have 

influenced the results. The study reported that MA and 8Hz TENS significantly 

elevated pain thresholds even up to 50 minutes post treatment. No significant 

effect on pain threshold was reported after the 100Hz TENS or placebo 

interventions. The authors noted that at the five minute post stimulation stage, 

both the MA and 8Hz TENS groups demonstrated similar elevations of pain 

threshold to the 100Hz TENS group.
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In 1989 Johnson and colleagues studied the effects of TENS on pain 

threshold induced by hand immersion in cold water. The 83 healthy volunteers 

were randomly assigned to one of five TENS groups, control group or placebo 

group. TENS was applied on the ventral surface of the forearm over the 

median nerve at frequencies of 10, 20, 40, 80 and 160Hz with pulse duration 

of 0.2ms. The intensity of TENS stimulation was consistent throughout the 

groups at ‘strong but comfortable’.

The results indicated that all TENS frequencies significantly elevated mean 

pain threshold, compared to control and placebo groups. The authors noted 

that frequencies of 20, 40 and 80Hz elevated pain thresholds more than both 

10Hz and 160Hz, although these differences were not significant. Like Ashton 

(1984) Johnson and colleagues reported that a large interindividual variation 

existed in relation to the measurement of ice pain threshold. This made the 

results somewhat unreliable due to the absence of a crossover design.

Comparisons of the effect on pain thresholds of MA to LI4 against MA to a 

nonacupoint located 1cm away from LI4 was conducted by Brockhaus et al 

(1990). The pain challenger was thermal pain measured at the forearm. Pain 

thresholds were taken before and ten minutes post intervention. No practice of 

the pain challenger was evident. The 40 volunteers were randomly allocated 

to one of the two groups stated above. The increase in mean pain threshold of 

the MA to LI4 group were significant. This was not the case in the placebo 

group. The LI4 group actually showed statistically significant elevation of 

mean pain threshold against the placebo group.

In 1991, using a similar design as described above (Johnson et al 1989) with 

pain threshold been measured with dominant hand immersion. In this study 

Johnson investigated the effects of five TENS stimulation patterns on pain 

thresholds in healthy subjects. The 84 subjects were randomly assigned to 

one of six groups, which included a control (sham TENS) group. The TENS 

groups (one - three) consisted of continuous, burst and modulation 

stimulation at a frequency of 80Hz. The fourth group received continuous 

TENS at 80Hz delivered through electrodes with twice the surface area (4cm2)
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and the fifth group used the same size electrodes (2cm2) as groups one - 

three, that were stimulated using random frequencies between 14-188Hz.

All interventions were conducted over the median nerve at an intensity defined 

as ‘strong but comfortable’. Pain thresholds obtained by dominant hand 

immersion in cold water were conducted at the 5, 20, 35 and 50 minute mark, 

post stimulation.

All active intervention groups significantly increased mean pain threshold 

when compared to the control group. The TENS group involving double size 

electrodes when compared to the other four intervention groups showed the 

smallest mean elevation of pain threshold although this difference was not 

statistically significant.

in 1999 Johnson and Tabasam compared the effects of TENS and 

interferential currents (IFC) on pain threshold, using the cold induced pain 

model with a dual blind design. The 21 healthy volunteers were randomly 

allocated into a sham electrotherapy, TENS or IFC group. The frequency of 

100Flz at an intensity level described as ‘strong but comfortable’ was chosen 

for both the TENS and IFC groups. The electrodes were placed over the 

anterior aspect of the forearm for an intervention period of 20 minutes.

The TENS and IFC groups showed similar, significantly greater increase in 

mean pain threshold compared with sham electrotherapy. The rise in pain 

threshold for both groups occurred within ten minutes of commencing 

intervention and returned to baseline within ten minutes post intervention. The 

research demonstrates that high frequency, high intensity TENS produces an 

analgesic effect that commences within minutes of applying the stimulation 

and rapidly diminishes within minutes of ceasing the stimulation.

CO2 laser evoked potentials at the vertex and subjective pain ratings were 

used by Tommaso et al (2003) to compare the effects of high and low 

frequency TENS. The 16 subjects were randomly allocated to receive either 

high frequency TENS (100Hz; 0.2ms pulse duration) or relatively low 

frequency TENS (10Hz: 0.2ms pulse duration). The electrodes were placed
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on the volar (palm) side of the right forearm, the pain challenger of CO2 laser 

were also directed at the forearm in between the electrodes. The TENS 

intensity for both groups was adjusted until ‘strong but comfortable’ sensation 

was reached. No adjustment of intensity was attempted during the 15 minute 

intervention phase.

No prior practice with exposure to the pain challenger was conducted. Pain 

threshold were measured before, immediately after and 50 minutes post 

stimulation. The results indicated that both high and low frequency TENS 

significantly reduced the subjective rating of the CO2 laser and the electrical 

potentials at the vertex.

In 2003, Zhang and colleagues compared the effects of 2Hz (pulse width 

0.6ms) and 100Hz (pulse width 0.2ms) TENS and a control group (minimal 

stimulation group) on thermal pain thresholds administered to the foot. The 24 

subjects were familarised with the pain challenger prior to data collection. 

Electrodes were placed on the acupoints ST36 and SP6. The stimulation 

intensity for both active interventions was unusually defined (strong 

combination of terms), as been the ‘maximal bearable but still comfortable 

stimulation’. The intervention period lasted 30 minutes.

Each subject received three successive pain measures before intervention, 

immediately after the intervention and 30 minutes post intervention. The 

increase of the averaged latency to remove foot from pain source was 

calculated and expressed as a percentage, and represented an index of 

analgesic effect.

For the 2Hz group the mean increase of latency was 44%, for the 100Hz 

group it was 21% and 1% for the control group. The 2Hz group pain threshold 

elevation was significantly greater than both the 100Hz group and the control. 

The 100Hz group did significantly elevate mean pain threshold when 

compared to the control.
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2.3.3 Electrical experimental pain research

Between 1973 and 1977 there were five papers concerning the use of 

electrical pain thresholds and acupuncture. These papers all contain 

fundamental flaws in the research methodology that renders them of little 

scientific value. However to maintain the completeness of the review and to 

ensure a flow of material a short summary has been included and Table 2.1 

highlights important components of the research.

A crossover design was used in three studies to compare electrical pain 

threshold between 1973-1977. MA in each study was compared to control or 

placebo interventions, one study also included an EA group. Two of the three 

studies found that mean pain threshold of the MA interventions were 

significantly elevated against the control and/or placebo. The Saletu et al 

(1975) paper found that the EA groups had a statistically significant elevation 

of mean pain threshold when compared to MA, control and placebo. The 

between groups comparison model was used in two studies, one used a 

suitable placebo (needling close by nonacupoints) while the other had a no 

treatment control group and an unsuitable placebo of saline injection. The 

authors (Mayer et al 1977) reported that MA significantly elevated mean pain 

threshold but that there were no statistically significant differences present 

between the two groups. The other poorly controlled study (Li et al 1975) 

found that MA elevated pain threshold significantly compared to both the 

control and placebo groups.
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A more recently published paper by Ishimaru and colleagues (1995) studied 

the analgesic effects induced by TENS with different types of surface 

electrodes and EA. Experimental pain was electrically induced at varying 

depths of muscle tissue. Three different types of surface electrodes were used 

for the TENS groups. They were a metal cone shaped 13mm in diameter, 

rubber disc 13mm in diameter and soft gelatinous disc 150mm in diameter. 

EA was performed with both insulated and noninsulated acupuncture needles. 

All groups received stimulation at 100Hz to an intensity ievei described as 

‘strong but comfortable’.

All three TENS groups and the EA with noninsulated needles significantly 

elevated pain threshold of the skin and fascia but not the muscle or 

periosteum. The shape, material and size of the TENS electrode hardly 

affected the degree of analgesia. EA with insulated needles significantly 

elevated pain threshold in the muscle and periosteum, but not the skin or 

fascia. The authors noted that EA with noninsulated needles was the most 

effective for analgesia of the skin and fascia. Both EA interventions produced 

stronger analgesia of the muscle than did TENS. Finally, EA with insulated 

needles produced significantly greater elevation in pain threshold in the 

periosteum when compared to the TENS groups.

In 1996 a single blind placebo controlled research program to assess the 

effect of MA on electrically induced pain (index finger) was conducted by 

Johnson and colleagues. The 24 healthy human subjects were recruited and 

randomly allocated to one of the following interventions, real acupuncture PC6 

a related point, real acupuncture GB20 a unrelated point, sham acupuncture 

GB20 and the control (no acupuncture) group.

Manual acupuncture to either PC6 or GB20 did not significantly change mean 

pain threshold or pain tolerance when compared to sham acupuncture or 

control groups. Small group (n=6) sizes made detecting statistically significant 

differences in pain threshold very unlikely. The electrical experimental pain 

was administered to the left index finger, and while both treatment groups only 

received one needle the author did not specify on which side of the body the 

intervention took place.
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Low frequency (2Hz, 0.6ms pulse duration), high intensity (maximum tolerated 

strength without discomfort), bilateral EA at LI4 and L111, was compared to 

placebo needling (shallow needle insertion, no manipulation or electrical 

stimulation) by Knardahl and colleagues (1998). The pain challenger was 

electrical stimulation of the upper canine tooth. The intervention phase lasted 

30 minutes. The placebo group (five volunteers) was tested after the EA group 

(nine volunteers) thus there was no randomisation. Pain thresholds were 

taken for 30 minutes prior to intervention and for 90 minutes post treatment (0, 

15, 30, 60 and 90 minutes).

The mean pain thresholds of the EA group were significantly elevated 

compared with the placebo group. Mean pain threshold for the EA group was 

still significantly elevated 90 minutes after the intervention ended.

Electrical tooth pulp stimulation was also used by Widerstrom-Noga et al 

(1998) to evaluate and compare the effects of manual acupuncture and low 

frequency TENS. A crossover design was used and the intervention order was 

randomised. The TENS intervention involved stimulation to points on the 

upper limbs and infra orbital foramina on the face. The manual acupuncture 

group was needled on the face around the infra orbital foramina and LI4.

A significant increase in mean pain threshold was reported for the MA group, 

but not the TENS group. Shortcomings in the research design include no 

familarisation with the pain challenger, inadequate washout period (20 

minutes) between interventions and different treatment protocol for the two 

groups. The acupuncture group was needled at LI4 while the TENS group did 

not receive stimulation to LI4. Therefore it is possible that LI4 needling was 

the difference between acupuncture and TENS ability to raise pain threshold.
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2.3.4 Mechanical experimental pain research

Farber (1997) examined the effect of EA at LI4 on pain thresholds measured 

with an algometer (single measure: before and after intervention) at 

acupuncture points LI5, L111 and LI20 and nonacupoints located 15mm away 

from these three acupoints. EA was administered unilaterally by inserting a 

needle into LI4 and a second 5mm away. The needles were then connected 

to the electro-stimulator. The frequency used was dense disperse 2Hz and 

15Hz for 30 minutes. Shortcomings in the research design included no 

blinding and failure to report the intensity of stimulation used.

The resuits showed that after EA to LI4 the mean pain threshold increased by 

77% at LI5 but only by 9% and 6% 15mm away from LI5. Mean pain threshold 

increased by 70% at L111 compared with 6% and 7% 15mm away from L111. 

Mean pain threshold increased by 81% at LI20 on the same side as 

intervention and by 108% at the opposite side to intervention. Farber 

concluded that pain threshold increased in all tested sites after EA to LI4 

although this analgesic effect was only significantly elevated in those points 

lying along the Large Intestine meridian.

The effect of four different modes of TENS on PPT measurements (via 

algometer) in a controlled, doubleblind, randomised design involving 50 

volunteers was performed by Walsh et al (1998). The TENS groups received 

stimulation consisting of four combinations of pulse duration (0.05msec and 

0.2msec) and frequency (4Hz and 110Hz). The intensity of the stimulation 

was set at a ‘strong but comfortable’ level. TENS for all groups was conducted 

over the radial nerve on the dominant side for 15 minutes. Algometer 

measurements were taken at the medial forearm and two points either side of 

the acupoint LI4. Practice of PPT was conducted on the nondominant side. 

PPT was taken before the interventions and five times during the one hour 

post stimulation phase.

The authors reported that immediately after TENS (0.2msec pulse duration at 

a frequency of 110Hz), PPT was significantly elevated when compared to the 

other three TENS modes. Interestingly, the PPT for the TENS group with
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0.05msec pulse duration and 4Hz frequency was at its peak 60 minutes after 

the intervention.

TENS was compared with H Wave Therapy (HWT) by McDowell and 

colleagues (1999) in a randomised controlled setting. The two TENS groups 

included a placebo group and a real intervention group that received 

stimulation at a frequency of 110Hz, pulse duration of 0.2msec. The three 

HWT groups included a placebo group and two real interventions, for one the 

stimulation was at a frequency of 2Hz, pulse duration of 16msec, while for the 

second a frequency of 60Hz, and pulse duration of 16ms. The intensity for all 

HWT and TENS groups was ‘strong but comfortable’. This intensity level was 

checked regularly and was increased if necessary to maintain the desired 

level.

The 48 healthy human subjects were randomly allocated to one of the six 

groups all for a single session in which the intervention lasted 30 minutes. All 

TENS and HWT treatment electrodes were placed over the radial nerve. PPT 

was measured at three points on the skin between the first two metacarpals 

using an algometer. The PPT measurements were taken before, during and at 

30 minutes post intervention.

The results revealed that the 100Hz TENS group and the 2Hz and 60Hz HWT 

groups’ mean PPT were elevated significantly compared with their respective 

placebo and control groups. The elevated mean PPT readings for all three of 

the above mentioned groups were only significantly higher during treatments 

and for five minutes post treatment. The small group sizes were a major factor 

preventing statistical significant differences between the treatment groups.

Chesterton et al (2002) randomly allocated 240 participants amongst eight 

experimental groups which included a control and sham TENS group. Active 

TENS was applied at a frequency of either 4Hz or 110Hz, with pulse duration 

of 0.2ms. The three 4Hz groups received stimulation at an intensity defined as 

‘to tolerance’. The three 110Hz groups received stimulation at an intensity 

defined as ‘strong but comfortable’.
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The electrodes for both frequency types in relation to the pain threshold 

measurement site was segmental, extra-segmental or a combination of both. 

The PPT was measured by a pressure algometer at the first dorsal 

interosseous muscle of the hand, on the same side as intervention was 

applied. Measurements were taken before, during and at 30 minutes post 

intervention.

The segmental site for stimulation was over the radial nerve, while the extra 

segmental TENS site was over the acupuncture point GB34 (distal to the 

knee). The results indicate that all groups except 4Hz segmental and 110Hz 

extra-segmental showed significant PPT elevation during the stimulation 

phase. However this elevation only remained significant at the 30 minute post 

stimulation phase for the 4Hz extra-segmental group.

In summary, the high frequency group showed short-term analgesic effects 

when situated iocal to the pain. PPT was elevated more in the low frequency 

groups than the high frequency groups if electrodes were placed in a different 

neural segment or in a combination of different and same neural segment as 

the pain challenger. Low frequency TENS was ineffective when electrodes 

were place in the same neural segment as the pain challenger.

A similar design to the Chesterton et al (2003) study, where 240 participants 

were randomly allocated amongst eight experimental groups which included a 

control and sham TENS groups. TENS was applied at a frequency of either 

4Hz or 110Hz and pulse duration of 0.2ms. The three 4Hz groups received 

stimulation at an intensity defined as ‘strong but comfortable. The three 110Hz 

groups received stimulation at an intensity defined as ‘to tolerance’.

The electrodes placement for both frequency types in relation to the pain 

threshold measurement site was either segmental, extra-segmental or a 

combination of both. The PPT was measured by a pressure algometer taken 

at the first dorsal interosseous muscle of the hand on the same side as the 

intervention. PPT Measurements were taken before, during and at 30 minutes

post intervention^ Each subject was familiarised with the pain challenger on..

the nondominant hand.
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The segmental site for stimulation was over the radial nerve, while the extra 

segmental TENS site was over the acupuncture point GB34 (distal to the 

knee). High (100Hz) frequency segmental and combined stimulation groups 

showed rapid onset of elevated PPT that continued for 20 minutes post 

intervention. All other groups demonstrated no significant elevation of PPT. In 

assessing both Chesterton studies’ together, it is evident that intensity of 

stimulation has a pivotal role in elevating pain threshold.

2.4 UTS studies examining MA and PPT research

Zaslawski et al (2003) designed a study in which 13 volunteers completed a 

randomised, dual blind, repeated measures program involving five 

interventions. Pain thresholds were measured via an algometer before and 

after intervention at ten sites (acupoints and nonacupoints) across the body. 

The interventions included, deep needling with or without rotation at LI4 or a 

nonacupoint located near LI4. Inactive laser to LI4 was used as a control.

Statistically significant increases from the preintervention PPT means were 

obtained for all ten sites following acupuncture with manipulation to LI4 

compared to needling of LI4 with no manipulation only producing elevated 

PPT at one site. Needling the nonacupoint with manipulation did significantly 

increase PPT at six sites while needling the nonacupoints without 

manipulation failed to significantly influence a single site. The inactive laser 

also failed to increase PPT at any site measured.

The authors concluded that insertion depth, location and manipulation of the 

needle do contribute significantly to the elevation of pain threshold following 

acupuncture. The distribution of effects on PPT was not found to support 

either of the neural segmental or the TCM channel theories, thus can only be 

described as generalised.
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Yuan (2002) built on the above research in a study that used deep needling 

with manipulation at LI4, and also at a second acupoint, LR3 a commonly 

used point within the clinic situation, although not always employed to directly 

reduce pain. LI4 and LR3 were unilaterally needled individually and in 

combination.

The research found that the LI4 intervention elicited significantly elevated 

mean PPT in eight of the ten measurement sites. Needling LR3 alone elicited 

significantly elevated mean PPT in three of the ten measurement sites. LI4 in 

combination with LR3 elicited significantly elevated mean PPT in three of the 

ten measurement sites. MA of LI4 lead to statistically significant elevation 

(between interventions) at three PPT measurement points when compared to 

LR3 and two when compared to LI4 and LR3 in combination. The results for 

LI4 generally showed an increased PPT improvement than did LR3 alone or 

LI4 and LR3 in combination.

The Li et al (2005) study commenced before the current study in which at 

stages, data were collected concurrently. This study again used the same 

research design and methods of collecting PPT. The first part replicated the 

standard UTS intervention of MA to LI4 both bilaterally and unilaterally. 

Additionally the study introduced simultaneous MA to both LI4 and L111, and 

the fourth intervention was bilateral MA to acupoint LI11.

The results indicate that both LI4 interventions were followed by a greater 

increase in mean percentage PPT than the other two interventions. Both 

bilateral and unilateral MA to LI4 lead to statistically significant elevations of 

mean percentage PPT at nine of the ten PPT measurement sites. Following 

MA to LI4 and L111 in combination statistically significant effects were 

observed at five sites, while bilateral MA to L111 produced significant 

elevations at six sites. Bilateral MA to LI4 produced statistically significant 

elevations of mean percentage PPT at two and four sites than did 

interventions MA to LI4 and LI11 and bilateral MA to L111 respectively.

In a second study by Li et ab(2005) again using the same research design 

and methods of collecting PPT; the, two interventions related to the current
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study, these were bilateral MA to LI4 and bilateral MA to SP4. Statistically 

significant increases in mean % PPT were elicited following MA to SP4 at all 

10 PPT measurement sites. The unexpected result was that MA to LI4 was 

significantly less effective than it had been in previous UTS studies.

2.5 Stimulation parameters of MA, EA and TENS

2.5.1 MA

The stimulation parameters for MA and procedures used in the proposed 

study are consistent with the methods described by Zaslawski et al (2003), 

Further the deep insertion and needle manipulation involved is classed as 

traditional acupuncture. The manual acupuncture procedure used by 

Zaslawski et al (2003) involves, a 25mm sterile disposable acupuncture 

needle (diameter 0.22mm) been inserted to a depth of no more than 15mm. 

The needle is then rotated between the fingers through a large (540° - 720°) 

angle of rotation in a bidirectional manner (clockwise then anticlockwise) to 

induce a needle sensation known as de qi. De qi is typically described as an 

ache, numbness or electrical sensation. The needle is left in situ for 21 

minutes, with further rotation at five minute intervals to maintain the de qi 

sensation.

At present, in spite of publication of a host of research studies, consensus has 

not been reached on the ability of MA to significantly elevate pain threshold or 

to produce analgesia. Various studies have reported that MA can significantly 

elevate pain thresholds, including those by Chiang et al (1973), Stacher et' al 

(1975), Mayer and Price (1977), Ashton et al (1984), Barlas et al (2000) and 

Zaslawski et al (2003), and further, Widerstom and Noga (1998) and Ashton 

et a! (1984) demonstrated MA to be significantly more effective in elevating 

pain threshold than TENS. However, Croze and Antonietti1976, Lin and 

Chandra 1982, Saletu et al 1975, Li et al 1975 and Johnson 1996 found that 

MA had no effect on pain threshold.

34



2.5.2 Comparison of low and high frequency stimulation for EA and 
TENS

The many variations used in clinical practice and research with regards to 

parameters of electrical stimulation make it impossible to identify optimal 

values. Chesterton et al (2002) observed that the lack of agreement within 

literature regarding the selection of TENS parameters has resulted in the 

development of two distinct stimulation modes. These are: conventional 

TENS that uses high frequency, and acupuncture-like TENS, that stimulates 

with a low frequency. The two methods are thought to act by different 

physiological mechanisms. A summary of findings from studies that 

compared the effects of low and high frequency stimulation on pain threshold 

are presented in Table 2.2.

Research statements/findings Authors in agreement

Low frequency is significantly more 
effective than high frequency in elevating 
pain threshold

Aston (1984), Walsh (1995), Chesterton (2002), 
Zhang (2003)

High frequency is significantly more 
effective low frequency in elevating pain 
threshold

Chesterton (2003)

No difference between low and high 
frequency in elevating pain threshold

Johnson (1989), Tommaso (2003)

Table 2.2: Findings from studies that compared the effects of low and high frequency 
stimulation on pain threshold.

2.5.3 Low frequency stimulation

Low frequency stimulation has been reported to work by activation of motor 

efferents to produce muscle contractions, which then activate the release of 

endogenous opioids responsible for both a segmental and extrasegmental 

analgesic action. Zhang et al (2003) claimed that passive muscle movement 

triggers the motor related areas of the brain and that this interaction activates 

an analgesic circuit. Some authors have suggested that low frequency, high 

intensity stimulation produces an analgesic effect that is delayed in onset but 

has a relatively longer duration (Johnson et al 2001, Walsh et al 1997 and 

Zhang et al 1994).
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2.5.4 High frequency stimulation

Several authors have suggested that conventional high frequency TENS 

works via the nociceptive transmission mechanism (closing the pain gates in 

dorsal horn of the spinal cord). Johnson et al (1989), Walsh et al(1995), 

Chesterton et al (2002), Johnson et al (2001), Walsh et al (1997) and Zhang 

et al (1994) suggest that the best effects in reducing pain have been found 

when the treatment site and the pain are both located in the same 

dermatome, therefore suggesting the analgesic action is segmental. Also, 

according to these authors, high frequency TENS produces a comfortable 

electrical analgesia with minimal muscle contraction, and that this analgesia 

has both rapid onset and offset. As a result pain threshold is rapidly raised but 

the effects die down shortly after the intervention ceases.

2.5.5 Alternating between low and high frequency stimulation

Research has reported that a frequency of 2Hz accelerates the release of 

neuropeptides including enkephalin, p-endorphin and endomorphin, while 

100Hz stimulation released dynorphin. Further, a combination of low and high 

frequency has been found to accelerate the release of all four neuropeptides 

(Han et al 2004, Chen et al 1996).

Chen et al (1994) sought to identify the optimal conditions for eliciting maximal 

EA analgesia. He found that alternating (2-15Hz) EA was more effective in 

elevating pain thresholds in rats than was a constant frequency of 2, 15 or 

100Hz. This finding has been supported by Farber et al (1997) and Han et al 

(1996) who also reported that alternating frequencies were more effective in 

elevating pain threshold than was a continuous single frequency. Chen et al 

(1994) determined that when using dense disperse EA the most effective time 

period for frequency alternation was three to four seconds.

The current research in keeping with the above endorsement of alternating 

frequencies over single frequency stimulation will use an alternating frequency 

of 2/80Hz with frequencies alternating every three seconds. The pulse

duration of 0.06ms will be employed because it is well tolerated.
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2.5.6 Intensity of electrical stimulation

Two papers by Chesterton et al (2002, 2003) highlighted the importance of 

stimulation intensity in elevating pain threshold. In both studies, the groups of 

subjects who received ‘to tolerance’ stimulation had the largest elevation of 

pain threshold when compared to the ‘strong but comfortable’ interventions. 

Nonetheless the literature contains at least nine papers (Walsh et el 1995 and 

1998, Ashton et al 1984, Johnson et al 1989 and 1991, Johnson and 

Tabasam et al 1999, Tommaso et ai 2003, Ishimaru et al 1995 and McDowell 

1999) in which ‘strong but comfortable’ stimulation intensity achieved 

significant elevation of pain threshold. For the proposed research, ‘strong but 

comfortable’ intensity was selected, as a compromise that satisfied both 

ethical and efficacy considerations.

2.6 Selecting intervention sites

The initial acupoint chosen for the intervention was LI4. Many TCM texts 

describe LI4 as a strong analgesic point (eg Deadman 1998, Rogers 1998 

and Ding 1991). In addition, acupuncture of LI4 has been reported in a variety 

of experimental research publications to elevate pain threshold (eg Chiang et 

al 1973, Sta.cher et al 1975, Mayer et a 1997, Brockhaus et al 1990, Knardahl 

1998, Zaslawski et al 2003, Yuan et al 2002).

An important reason for using LI4 in the present research was to replicate 

previous work by Zaslawski (2003) and Yuan (2002). Not only was LI4 

common to these studies but also the same intervention procedures have 

been adopted. As a result, the current study findings will permit comparison of 

the effects on PPT of MA, EA and TENS.

At present researchers do not agree about whether the analgesic effects 

produced by needling LI4 are localised to the stimulation neural segment or 

generalised. Four studies have reported that the analgesic effect produced by 

MA is generalised (Chiang et al 1973, Zaslawski et al 2003, Yuan, 2002 and
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Li 2005). By contrast, Farber et al (1997) found that while EA increased pain 

threshold, its effects were limited to sites located within the same acupuncture 

channel. The current study, by including interventions using both MA and EA 

to LI4 will further explore whether effects on pain threshold are generalised or 

in keeping with neural segments or acupuncture channels

The acupoint LV3 has been included in the study in view of the report by Yuan 

(2002) that MA to LR3 had minimal effect on mean PPT and by Li et al (1975) 

that MA applied to LR3 had no effect on electrical pain threshold. If the 

present study finds EA has a significant effect on PPT this would support the 

hypothesis that EA and MA work via different mechanisms.

Following the results of Part One of the current study a nonacupoint on the 

dorsal surface of the foot was chosen to receive EA. The intervention site was 

selected to assist with adding evidence to whether EA to acupoints and 

nonacupoints cause different effects on PPT; such a difference was detected 

by Zaslawski et al (2003) regarding MA.
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Chapter 3: Methods

Methods for Study 1

3.1 Aim

To compare the effects of MA, EA and TENS on regional PPT.

3.2 Design

Ethics approval was obtained from the Human Ethics Research Committee at 

UTS. The study involved a randomised dual blind crossover design with 

repeated measures. Hence all 24 subjects received all four interventions that 

were allocated in a random sequence (envelope method of randomisation) to 

individual subjects. Each subject had their interventions spaced at least seven 

days apart to minimise any potential crossover effects from the previous 

intervention/session.

3.3 Subjects

The volunteers were recruited via the UTS Faculty of Science and 

Acupuncture Clinic noticeboards and word of mouth. There were 12 females 

and 12 males. Subjects were excluded from the study if they were currently 

using analgesic or anti-inflammatory medication. Subjects were also excluded 

if there were any recent burns or bone fracture injuries. If a subject required 

analgesic medication she/he was required to reschedule the appointment to a 

more suitable day. Three volunteers dropped out of the project, all after one 

intervention. The reason in each case was lack of time. Each was replaced by 

a person of the same gender.

Table 3.1 provides summary of basic data for subjects in Study 1 and Figure 
3.1 provides an analysis of the answers to the questions displayed on the 
following page.
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PLEASE INDICATE BY MARKING SOMEWHERE ON THE LINE YOUR ANSWER 
TO THE FOLLOWING QUESTIONS

1. Do you believe in acupuncture?

0 100

It certainly has It is certainly

no effect effective

2. Would you be willing to receive acupuncture as a form of therapy?

0 100

Never Anytime

Figure 3.1: 100mm Visual Analogue Scale (VAS) for recording subjects’ beliefs in the 
effectiveness of MA and their willingness to receive the modalities as therapy. Completed 
after the first session.

Mean
Females

sd mean
Males

sd
Age in years 28.6 6.2 27.5 5.9
Weight in (kg) 57.4 9.8 79.1 7.2
Height in (cm) 159 6.9 180.1 7.5
Belief score %VAS 97 2.9 96 3.4
Receive therapy %VAS 98.7 1.7 97.2 2.4

Table 3.1: Summaries height, weight and age by gender for all subjects as well as their 
responses to the following questions; Do you believe in acupuncture? And would you be 
willing to receive acupuncture as a form of therapy? Demographic data collected from 12 
femaie and 12 male research subjects.

3.4 Interventions

3.4.1 Intervention sites

LI4 is located between the first and second metacarpal bones, in the middle of 
the second metacarpal bone on the radial side (Rogers land Rogers 1999). 
LR3 is located in the depression distal to the junction of the first and second 
metatarsal bones (Rogers and Rogers 1999).

3.4.2 Intervention types

The four interventions that were administered in random order were:
• bilateral LI4 TENS to LI4;
• bilateral EA to LI4;
• bilateral EA to LR3;
• bilateral MA to LI4.
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The bilateral LI4 MA involved the insertion of a 25mm sterile disposable 

acupuncture needle (diameter 0.22mm) into LI4 to a depth of no more than 

15mm. The standardised manipulation technique used was needle rotation 

between the fingers through a large (540-720 degrees) angle in a bidirectional 

manner, first clockwise then anticlockwise. This was repeated nine times in a 

sequence that lasted approximately five seconds. This manipulation 

procedure was repeated every three minutes throughout the 21 minute 

intervention. According to traditional Chinese acupuncture this technique 

would be appropriate for treating pain syndromes (Deadman 1998 AND Ding 

1991).

Both the bilateral EA to LI4 and bilateral EA to LR3 interventions involved 

insertion of a 25mm sterile disposable acupuncture needle (diameter 0.22mm) 

to a depth of no more than 15mm. No needle manipulation was applied. The 

needles were connected to the electrostimulator via wires and clips. The 

current levels were incrementally (0.1mA) increased until the subject reported 

a ‘strong but comfortable’ level of sensation. After five minutes and again at 

ten minutes the subjects were asked if the intensity could be increased as 

adjustment often occurs. The aim was to maintain a ‘strong but comfortable’ 

sensation level.

The bilateral LI4 TENS involves placement of 3M red dot - Ag/AgCI brand 

electrodes to the LI4 anatomical location. The same procedures that was used 

in relation to the EA intervention for obtaining and maintaining a ‘strong but 

comfortable’ sensation level was followed.

Both EA and TENS were administered using the CEFAR ACUS 4 electrical 

stimulator unit (Sweden). The CEFAR ACUS 4 offers a digital display that 

shows the current intensity (mA) and a timer. The units offers nine set 

programs of electrical stimulation. The program chosen for this study is a 

mixed frequency program in which the 2Hz and 80Flz frequency alternates 

every three seconds and pulse duration of 0.06ms.
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The short pulse duration was chosen as research by Chesterton (2002 and 

2003) has reported that the higher the intensity of stimulation the better the 

analgesic effect. Shorter pulse durations are relatively more comfortable thus 

allow a higher lever of intensity (mA) to be administered (Chesterton 2003 and 

Walsh 1997). Additionally no evidence could be sourced that found that a long 

pulse width was more effective than a short pulse width.

3.5 Regional PPT measurement sites

All ten PPT measurement sites were marked with felt pen to ensure accurate 

point location throughout pre and post intervention. These sites included real 

acupoints and nonacupoints situated variously on the same or different 

acupuncture channel and/or neural segment/dermatome from the intervention 

point. The sites are shown in Figure 3.2. Table 3.2 lists their location and 

rationale for inclusion in the study.

Figure 3.2: Regional PPT measurement sites used throughout Study 1. 
(adapted from Rogers and Rogers 1999)
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Site Side Anatomical location Channel and/or segmental 
region

Acupoints
LI10 Left On the radial side of the posterior 

aspect of the forearm, on a line 
joining LI5 and the edge of the 
transverse cubital crease. L110 is 
two cun distal to the crease.

Dermatome: LI4.
Channel: Large intestine

KD3 Right In the depression between the 
medial malleolus and the tendon 
calcaneus, level with the tip of the 
medial malleolus.

Dermatome: L4
Channel: Kidney

SP6 Right Three cun directly above the tip of 
the medial malleolus, on the border 
of the tibia.

Dermatome: L4
Channel: Spleen

LI5 Right In the anatomical snuffbox when the 
wrist is adducted. Between tendons 
of m. extensor pollicis longus and 
brevis.

Dermatome: C6
Channel: Large intestine

GB12 Right In the depression posterior and 
inferior to the mastoid process.

Dermatome: C3
Channel: Gall bladder

LI20 Left Between the naso-labial groove and 
the midpoint of the lateral border of 
the nasal ala.

Dermatome: Facial nerve 
Channel: Large intestine

PC6 Right Two cun above the midpoint of the 
transverse crease of the wrist, 
between the tendons of m. palmer 
longus and m. flexor carpi radialis

Dermatome: border of the C5 
and T1
Channel: Pericardium

Nonacupoints
NAP-
Radius

Right Four cm proximal to the wrist 
crease on the dorsal surface, on the 
medial border of the radius

Dermatome: C6 as is LI4.
No acupuncture channel.

NAP-
Ulna

Left Midway between the wrist joint and 
the medial epicondyle of the elbow 
on the medial side of the forearm, 
anterior to the ulna shaft

Dermatome: C8
No acupuncture channel.

NAP-
Sole

Left Half way down the lateral planter 
margin of the left foot. The point 
was measured with a ruler and was 
two cm from the lateral border.

Dermatome: S1 not the same
No acupuncture channel.

Table 3.2: The ten regional body sites at which PPT was measured throughout Study 1. The 
site identification, anatomical location and relation to TCM channels and Western Medical 
Science (WMS) segmental regions are reported. Note the term cun relates to a TCM 
anatomical measuring system. Acupoint locations from Rogers and Rogers 1999.
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The regional sites were chosen in order to determine whether the distribution 

of intervention effects on PPT were generalised or in keeping with either 

neural segment theory or TCM channel theory. Table 3.3 summarised the 

regional sites at which any post intervention changes in PPT would be 

predicted by these theories.

Intervention Neural segment theory TCM channel theory
Bilateral TENS to LI4 LI10, LI5, NAP-Radius. LI10, LI5 and LI20.

Bilateral EA to L!4 LUO, LI5, NAP-Radius. LI10, L!5 and L!20.

Bilateral EA to LR3 KD3, SP6, NAP-Sole. No sites.

Bilateral MA to LI4 LI10, LI5, NAP-Radius. L110, LI5 and LI20

Table 3.3: The regional sites at which post intervention effects on PPT would be predicted by 
neural segment theory or by TCM channel theory.

3.6 Measuring PPT

The study required a team of three researchers. PPT was measured by 

Researcher I with an algometer (Activator Methods Phoenix USA) using the 

methods described by Fisher (1987). Subjects were instructed that PPT would 

be reached at the stage when the pressure first becomes uncomfortable or 

painful and were asked to indicate as soon as PPT was perceived. 

Researcher II then noted and recorded the reading in g/cm2 before the 

algometer was reset to zero for Researcher I to apply it to the next 

measurement site in the series.

A curtain was drawn between the subject’s eyes and hands/feet so that they 

were blind to the exact location of the intervention and exactly what the 

acupuncturist were doing. Researcher I, whom applied the algometer, was 

blind to the intervention type and the algometer reading while Researcher II, 

whom recorded the algometer readings, was blind to the intervention type. 

This researcher also monitored the rate at which Researcher I applied 

pressure to the algometer. Researcher III, whom administered the 

intervention, was blind to pre and post pain thresholds. Finally no data were 

analysed during the data collection phase of the study to avoid effects 

stemming from expectations of any of the researchers.
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During each intervention the subject was positioned on the treatment table in 

the supine position. Prior to receiving each intervention, five PPT readings 

were obtained from each of the ten sites around the body. Research by Kosek 

et al (1993) and Nussbaum (1998) reported that the first PPT reading, in a 

series of readings, appears to be relatively unreliable as the subject was 

acclimatising to the procedure. Therefore in the present study first reading 

obtained from each site was discarded from the analysis. Each measurement 

cycle required approximately two minutes to complete, the same order of PPT 

measurement at the ten sites in each measurement cycle was used 

throughout Study 1 and was as follows:

1 :LI10(L) 2:NAP-Ulna (L) 3:NAP-Sole (L) 4:KD3(R) 5:SP6 (R)
6:L!5 (R) 7:NAP-Radius (R) 8.PC6 (R) 9:LI20 (L) 10:GB12 (R)

Once all five cycles of pre intervention readings were taken, both Researchers 

I and II left the room and Researcher III (an acupuncturist of 24 years 

experience) entered to initiate the 21 minutes of intervention. Immediately 

following removal of the needles or surface electrodes, the acupuncturist left

the room. Researcher I and II then returned to complete five more PPT

measurement cycles.

Pre intervention period 
(10 minutes approx)

Intervention period 
(21 minutes)

Post intervention period 
(10 minutes approx)

+ Hh

1 practice cycle of PPT 
measurements (discarded) 
followed by 4 PPT cycles

Intervention as per 
designated in the order 
envelope

5 PPT cycles

Figure 3.3: Timeline showing sequence of events completed during each intervention session.

3.7 Subjects’ perceptions concerning each intervention period

At the completion of each session, subjects were requested to mark their 

responses to the questions shown in Figure 3.4. The first four questions 

assessed subjects’ experiences of each intervention and subjective variables 

such as pain, associated sensations (including soreness, numbness, 

heaviness, distension around the acupoint or transmitted upward and 

downward along the channel); of tension; and of anxiety associated with each 

21 minute intervention session. The final question provided an assessment by
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the subjects of the acupuncturist’s behaviour during each session, compared 

with initial session. If the subject reported any changes in behaviour s/he was 

asked to describe in what ways the behaviour had changed. Additionally, at 

the completion of their final session, subjects were asked to describe what 

intervention they thought they had received at each session. If subjects were 

able to correctly identify the intervention involved, this may have influenced 

the outcome for that session.

Please indicate by marking on the line your answer to the following 
questions.

1. How did you experience the intervention/treatment today?

Absoiuieiy Extremely
painless painful

2. Did you have any special feeling during the treatment?

Nothing at all Intense prickle, feeling of 
warmth, heaviness, 
electricity, etc

3. How did you feel during the treatment?

Completely calm Extremely tense
And relaxed

4. Were you anxious about feeling pain from the treatment today?

No not at all Yes extremely anxious

5. Did the acupuncturist behave differently today compared to other sessions?

No, not at all Yes, very
different

If yes, in what ways?

Figure 3.4: The 100mm visual analogue scales used to record subjects1 perceptions relating 
to the 21 minute intervention period for each experimental session.

3.8 Assessment of acupuncturist behaviour

Since Researcher III (the acupuncturist) was aware of the intervention

administered, subjects were requested to indicate whether they perceived
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changes in his behaviour between different sessions. Subjects marked their 

response on a 100mm VAS to the question: Did the acupuncturists behave 

differently today compared to previous sessions? On one side of the VAS will 

be marked not different, while the other side is marked significantly different. If 

a difference was noted, the subject was requested to specify in what manner.

3.9 Treatment recognition by subject

A curtain was drawn between the subject and the intervention. To test the 

blinding all subjects were requested to describe what intervention they 

received.

3.10 Statistical analysis

3.10.1 PPT analysis

For each subject and intervention session, all PPT values were expressed as 

a percentage of the mean pre intervention value. This was calculated using 

the following formula and transformations.

Formula 3.1
PPT value (kg)

PPT value as % of =__________________________ x 100%
pre intervention mean

Mean pre intervention PPT (kg/cm2)

The above data transformation was applied in view of the wide range of base 

line PPT measures encountered not only among subjects, but within the same 

subject among the ten regional measurement sites. Extensive checking of the 

appropriateness of both the transformation and the model tested in General 

Linear Model (GLM) was completed prior to the Zaslawski and Cobbin (2001) 

UTS study. In addition, it has been shown in related study that base line PPT 

is not a useful predictor of the percentage change following an active 

intervention (Yuan 2002).

initial analysis of the PPT percentage mean change found that the data were 

slightly skewed. Because the material was not linear the data representing the 

PPT value as % of pre intervention mean were converted via a log

47



transformation to achieve a normal distribution. These data were entered into 

Minitab for Windows version 14.1 and a GLM was used to obtain analysis of 

variance with Tukey post hoc analyses. It should be noted that these analysis 

employed 95% Cl among all pair wise comparisons testing significance of 

difference of means with p values. Comparisons were made both within each 

intervention across all ten sites, and between the four interventions for each 

individual measurement site.

The log transformation of the PPT vaiue as % of pre intervention mean 

resulted in changes to the presentation of the GLM analyses tables. For 

example, if the data had not been converted via a log transformation, the pre 

intervention would appear as 100% and the post (for example) for TENS in 

Study 1 (independent of measure site) was 106.78%. This represents an 

increase in post intervention PPT of 6.8%. Flowever it should be noted that 

following the log transformation of each individual PPT measure (required to 

achieve a normal distribution) the pre intervention would score as 2 and the 

post for the above example for TENS in Study 1 (independent of measure 

site) was 2.023. This represents an increase in post intervention PPT (after 

the anti log of 2.023) of 5.923 or 5.9%.

Tables with associated analysis of variance are presented in Appendix II. Note 

that while the same set of analyses were completed on the PPT data both 

prior to and following the log transformation defined in section 3.10.1 of 

Chapter 3, in view of the minor differences in statistically significant findings 

detected by either approach, only the results for the analyses applied to the 

log transformed PPT data are presented in Chapter 5. Flowever Appendix 2 

includes a summary of the findings obtained on the data prior to log 

transformation, including similar sets of tables and figures.

The probability levels associated with significant differences should be 

regarded as highly conservative and therefore, apply a strong correction 

against erroneously identifying a significant effect when it is due to change 

alone (Type I error). The conservative nature of the model increases the risk 

of the reverse error: failing to detect a true significant effect (Type II error).
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3.10.2 Subject perceptions concerning each intervention period

Each subject’s perception was expressed in millimetres distance of the mark 

on the 100mm VAS measured from the left of the scale. Analysis of variance 

(using a GLM) of the VAS score with factors of question and intervention were 

completed. Both 95% Cl and probability values were reported as were 

correlations for pain, intervention sensation, tension, anxiety and practitioner’s 

behaviour change.
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Methods for Study 2

In Study 2, most of the methods applied were identical to those described in 
Study 1. Therefore only differences are detailed as follows.

3.11: Subjects

Table 3.4 summaries height, weight and age by gender for the 20 subjects as 

well as their responses to the questions shown in Figure 3.5.

PLEASE INDICATE BY MARKING SOMEWHERE ON THE LINE YOUR ANSWER TO THE 

FOLLOWING QUESTIONS

1. Do you believe in acupuncture?
0 100

It certainly has It is certainly
no effect effective

2. Would you be willing to receive acupuncture as a form of therapy?
0 100

Never Anytime

3. Do you believe in electroacupuncture?
0 100

It certainly has It is certainly
no effect effective

4. Would you be willing to receive electroacupuncture as a form of therapy? 
0 100 ’

Never Anytime

Figure 3.5: 100mm Visual Analogue Scale (VAS) for recording subjects’ beliefs in the 
effectiveness of MA and their willingness to receive the modalities as therapy. Completed 
after the first session.

Females (N= 
Mean

=10)
sd

Males (N=10) 
mean sd

Age in years 24.6 4.2 23.5 5.1
Weight in (kg) 58.4 8.8 83.4 8.6
Height in (cm) 161 8.9 182.5 9.5
MA belief score %VAS 97.5 2.0 95.6 3.9
MA receive therapy %VAS 98.1 1.4 98.2 1.7
EA belief score % VAS 92.3 3.1 93.8 3.8

Table 3.4 summaries height, weight and age by gender for all subjects as well as their 
responses to the following questions; Do you believe in acupuncture? And would you be 
willing to receive acupuncture as a form of therapy? Demographic data collected from 12 
female and 12 male research subjects.
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3.12 Interventions

3.12.1 Intervention sites

The only new intervention site introduced has been designated NAP-Foot and 

is located 1.5cm superior to the web, between the third and fourth 

metatarsals.

3.12.2 intervention types

The four interventions that were administered in random order were:
• bilateral MA to LI4;
• bilateral MA to LR3;
• bilateral EA to LR3;
• bilateral EA to NAP-Foot.

Both EA and MA methods have been previously described in Study 1.

The PPT measurement sites for Study 2 are shown in Figure 3.6. Table 3.5 
lists their location and rationale for inclusion in the study.

Figure 3.6: Regional PPT measurement sites used throughout Study 2. 
(adapted from Rogers and Rogers 1999)
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Site Side Anatomical location Channel and/or 
segmental region

Acupoints
Luo Left On the radial side of the posterior 

aspect of the forearm, on a line 
joining LI5 and the edge of the 
transverse cubital crease. L110 is 
two cun distal to the crease.

Dermatome: C4.
Channel: Large intestine

ST36 Left In the depression between the 
medial malleolus and the tendon 
calcaneus, level with the tip of the 
medial malleolus.

Dermatome: L4
Channel: Stomach

KD3 Right In the depression between the 
medial malleolus and the tendon 
calcaneus, level with the tip of the 
medial malleolus.

Dermatome: L4
Channel: Kidney

LV5 Right Five cun above the medial 
malleolus, immediately posterior to 
the medial crest of the tibia in the 
deep depression between the 
gastrocnemius muscle.

Dermatome: L4
Channel: Liver

LIS Right In the anatomical snuffbox when the 
wrist is adducted. Between tendons 
of m. extensor pollicis longus and 
brevis.

Dermatome: C6
Channel: Large intestine

PC6 Right Two cun above the midpoint of the 
transverse crease of the wrist, 
between the tendons of m. palmer 
longus and m. flexor carpi radialis

Dermatome: border of the C5 
and T1
Channel: Pericardium

GB12 Right In the depression posterior and 
inferior to the mastoid process.

Dermatome: C3
Channel: Gall bladder

LI20 Left Between the naso-labial groove and 
the midpoint of the lateral border of 
the nasal ala.

Dermatome: Facial nerve 
Channel: Large intestine

Nonacu joints
NAP-
Radius

Left Four cm proximal to the wrist 
crease on the dorsal surface, on the 
medial border of the radius

Dermatome: C6 as Is LI4.
No acupuncture channel.

NAP-
Sole

Left Halfway down the lateral planter 
margin of the left foot. The point 
was measured with a ruler and was 
two cm from the lateral border.

Dermatome: S1 not the same
No acupuncture channel.

Table 3.5: The ten regional body sites at which PPT was measured throughout Study 2. The 
site identification, anatomical location and relation to TCM channels and Western Medical 
Science (WMS) segmental regions are reported. Note the term cun relates to a TCM 
anatomical measuring system. Acupoint locations reference from Rogers and Rogers 1999.

These regional sites were chosen to determine whether the distribution of 

intervention effects on PPT were generalised or in keeping with either neural 

segment theory or TCM channel theory. Table 3.6 summarised the regional 

sites at which any post intervention changes in PPT would be predicted by 

these theories.
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Intervention Neural segment theory TCM channel theory
Bilateral MA to LI4 LI10, LI5, NAP-Radius, PC6 LI10, LI5 and LI20.
Bilateral MA to LR3 KD3, LR5, ST36, NA-Sole LR5

Bilateral EA LR3 KD3, LR5, ST36, NAP-Sole LR5

Bilateral EA to NAP-Foot KD3, LR5, ST36, NAP-Sole NA

Table 3.6: The regional sites at which post intervention effects on PPT would be predicted by 
neural segment theory or by TCM channel theory.

3.13: PPT measurement order

The same order of measurement of PPT at the ten sites in each measurement 

cycle for each session/intervention was used throughout Study 2 of the 

current study as follows:

1: L110(L) 2:NAP-Radius (L) 3:ST36 (L) 4:NAP-Sole (L) 5:KD3 (R)
6:LR5(R) 7:LI5 (R) 8:PC6 (R) 9:LI20 (L) 10:GB12 (R)
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Methods for Reliability of algometry study

3.14 Aim

This study involved the reanalysis of the five preintervention readings 

obtained throughout both Study 1 and Study 2 of the current thesis. There 

were to compare mean PPT values (kg/cm2) by site and gender and evaluate 

the stability of regional PPT values (kg/cm2) by site over time with respect to 

two timeframes: (i) extended time frame of at least four weeks, and (ii) 

sequence of five measures over ten minutes.

3.15 Methods

All methods concerning the collection of pre intervention PPT data have been 

detailed in Methods for Study 1 and Study 2.

3.16 Statistical analysis used in this study

Note that the actual PPT values kg/cm2 are used throughout the analysis of 

this study.

The statistical analyses used to evaluate the aims of Study 3 were One-way 

ANOVA General Linear Model with tukey post hoc with 95% confidence 

intervals. Summary tables of analysis are presented within Chapter 4. The 

detailed analysis tables appear in Appendix I.

Analysis of variance: GLM

a) Response variable: mean PPT for subjects by gender;

b) Response variable: mean PPT for subjects by visit;

c) Response variable: mean PPT for subjects by order of 

measurement.

54



Chapter 4: The reliability of algometry study results

The database for the reliability study comprises all pre intervention PPT 

measurements that were collected for Study 1 and Study 2. The findings for 

the reliability study have been presented before those for the two intervention 

studies since they address questions that otherwise might arise in relation to 

the intervention findings (for example the effect of visit order and stability of 

PPT measures within the same measurement sequence).

4.1 Aim one: to compare mean pre intervention PPT for males and 

females at each site

Research question: Does gender affect regional PPT?

The analyses of mean baseline PPT by gender and measurement site for 

Study 1 are presented in Table 4.1.1 and Figure 4.1.1; and for Study 2 in 

Table 4.1.2 and Figure 4.1.2. For both data collections, analyses showed that 

the mean PPT for males was statistically significantly higher than for females 

at all ten sites (in all cases, p < 0.003). The mean percentage differences at 

individual sites, between genders ranged from 10.1% to 25.2% for Study 1 

and 22.7% - 43.7% for Study 2. ■

The final row in both Table 4.1.1 and 4.1.2 show the mean values and 

percentage difference between males and females independent of 

measurement site. From Table 4.1.1 it can be seen that for the particular set 

of measurement sites used in Study 1 and calculated independent of specific 

sites, overall the mean PPT for males of 5.12 is 15.1% higher than the mean 

of 4.35 for females.

It is important to note that these overall means are only relevant to the sites 

used in this study since different sites have different thresholds and therefore 

a different combination of measurement sites could possibly produce quite 

different means.
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Similarly, the final row of Table 4.1.2 shows that for the particular set of 

measurement sites used in Study 2 and calculated independent of specific 

sites, overall the mean PPT for males of 6.43 is 32.5% higher than the mean 

of 4.34 for females.

Given that, in both studies, mean PPT values for males were consistently 

significantly higher than for females at all measurement sites, it was apparent 

that comparisons involving effects of variables such as visit or measurement 

order on PPT should be undertaken separately for males and females.

Site Male Female % difference p value

LI10 5.34 4.05 24.2% p<0.001

KD3 5.00 4.05 19.0% p<0.001

SP6 5.48 4.10 25.2% p<0.001

LI5 4.46 4.01 10.1% p=0.002

PC6 4.94 4.41 10.8% p<0.001

LI20 2.44 2.14 12.3% p<0.001

GB12 4.24 3.68 13.3% p<0.001

NAP-Ulna 7.05 6.31 10.5% p=0.003

NAP-Sole 6.92 5.94 14.2% p<0.001

NAP-Radius 5.31 4.81 9.5% p=0.002

All sites 
combined

5.12 4.35 15.1%

Table 4.1.1: Comparison of pre intervention PPT for males and females for Study 1. PPT 
measures are represented as kg/cm2. The p values and F ratios are shown. Mean values and 
percentage difference between males and females independent of measurement site are 
shown in the final row of the table.

Figure 4.1.1 Comparison of preintervention mean PPT for males and females for Study 1.
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Site Male Female % difference F ratio

L110 5.91 3.45 43.7% p<0.001

ST36 9.07 5.70 37.2% p<0.001

KD3 7.10 4.79 32.6% p<0.001

LR5 7.20 4.79 23.5% p<0.001

LI5 5.57 3.95 29.1% p<0.001

PC6 6.23 4.59 26.4% p<0.001

LI20 3.13 2.11 32.6% p<0.001

GB12 4.75 3.41 22.7% p<0.001

NAP-Radius 6.47 4.30 33.6% p<0.001

NAP-Sole 8.80 6.32 28.2% p<0.001

All sites 6.43 4.34 32.5%

Table 4.1.2 Comparison of pre intervention PPT for males and females for Study 2. PPT 
measures are represented as kg/cm2. The p values and F ratios are shown. Mean values and 
percentage difference between males and females independent of measurement site are 
shown in the final row of the table.

Measurement Site

m males 

M females

Figure 4.1.2 Comparison of preintervention mean PPT for males and females for Study 2.

4.2 Aim two: to compare mean preintervention PPT across intervention 

visits
Research question: Is PPT stable over a series of intervention visits and does 
gender influence stability of measure?

Here, the baseline PPTs at individual regional measurement sites were 

compared across the four visits, with separate comparisons for males and 

females.
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In general, where statistically significant differences in mean baseline PPT 

between intervention visits were present, the pattern reflected a lower mean 

threshold for the first visit (V1) compared with the final visit (V4) (or 

alternatively, the V4 threshold being elevated compared with the V1 

threshold).

For example (Table 4.1.3) for females in Study 1, of the 13 statistically 

significant differences in baseline threshold recorded by visit, all but one 

involved V4 being higher than V1 (N=8) and or V2 (N=4). Only at one site 

(GB12) was the mean PPT for V3 statistically significantly higher than for V1. 

No significant changes were recorded by visit at site KD3.

Ui*
-------------------

n ___r-1

**w /

—
:

0 visit one 

visit two

□ visit three

□ visit four

Measurement Site

Figure 4.1.3: Comparisons of female subject mean baseline PPT (kg/cm2) by visit recorded 

for Study 1. Mean PPT values provided for each site for each of the four visits.

For males in Study 1, a similar although weaker pattern emerged (Table 

4.1.4), with a total of eight statistically significant increases in baseline mean 

PPT at five of the ten measurement sites. All of these involved V4 compared 

with V1 (N=5: sites SP6, PC6, LI20, GB12, Nap-Radius) alone or also with V2 

(N=3: sites PC6, LI20 and NAP-Radius).
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Site Visit 1 Visit 2 Visit 3 Visit 4 Statistically significant 
differences (p <0.05)

L110 3.6 3.9 4.2 4.5 V4>V1

5.7% 12.2% 19.3%

KD3 4.0 3.9 4.0 4.3

-2.4% 2.2% 9.5%

SP6 3.9 3.7 4.2 4.5 V4>V2

-4.7% 7.8% 14.7%

L!5 3.6 3.7 4.2 4.3 V4>V1 and V2

2.4% 14.5% 17.0%

PC6 3.8 4.2 4.6 4.8 V4>V1 and V2

9.4% 15.6% 20.0%

LI20 1.9 2.0 2.2 2.4 V4>V1 and V2

0.9% 9.0% 16.4%

GB12 3.2 3.5 3.9 3.9 V3>V1

8.3% 16.4% 16.4% V4>V1

NAP-Ulna 5.8 5.6 6.6 7.0 V4>V1

-4.4% 11.9% 16.8%

NAP-Sole 5.4 5.8 6.0 6.4 V4>V1

8.2% 10.3% 12.4%

NAP-Radius 4.4 4.5 5.0 5.2 V4>V1

2.1% 11.6% 15%

Table 4.1.3: Comparisons of female subjects mean baseline PPT (kg/cm2) by visit throughout 
Study 1. Mean PPT values and percentage difference for visits V2-V4 compared to visit 1 are 
provided for each site for each of the four visits.

For males in Study 1, a similar although weaker pattern emerged (Table 

4.1.4), with a total of eight statistically significant increases in baseline mean 

PPT at five of the ten measurement sites. All of these involved V4 compared 

with V1 (N=5: sites SP6, PC6, LI20, GB12, Nap-Radius) alone or also with V2 

(N=3: sites PC6, LI20 and NAP-Radius).
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Site Visit 1 Visit 2 Visit 3 Visit 4 Statistically significant 
differences (p<0.05)

L110 5.2 4.7 5.5 5.8 -

-9.3% 4.9 11.3%

KD3 4.8 4.6 5.3 5.2 -

-4.3% 9.2% 6.1%

SP6 5.0 5.5 5.7 6.0 V4>V1

4.2% 12.7% 16.9%

LI5 4.2 4.1 4.5 4.9 -

-2.4% 5.8% 14.4%

PC6 4.5 4.7 5.0 5.6 V4>V1 and V2

2.8% 9.8% 18.6%

LI20 2.2 2.3 2.4 2.8 V4>V1 and V2

1.3% 9.7% 19.6%

GB12 3.8 4.1 4.3 4.7 V4>V1

6.9% 12.2% 19.9%

NAP-Uina 6.5 7.6 6.7 7.2 -

13.5% 3.6% 8.8% *

NAP-Sole 6.4 6.8 7.2 7.4 -

5.4% 10.3% 12.6%

NAP-Radius 4.7 4.7 5.18 5.60 V4 > V1 and V2

0.0% 9.3% 16.1%

Table 4.1.4: Comparisons of male subjects mean baseline PPT (kg/cm2) by visit during Study 
1. Mean PPT values and percentage difference for visits V2-V4 compared to visit 1 are 
provided for each site for each of the four visits.

05*
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□ visit one 

^ visit two

□ visit three

□ visit four

Measurement Site

Figure 4.1.4: Comparisons of male mean baseline PPT (kg/cm2) by visit during Study 1. Mean

PPT values provided for each site for each of the four visits.
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Study group Visit 1 Visit 2 Visit 3 Visit 4

Study 1 3.96 4.08 4.49 4.73

Females 3.0% 11.9% 16.3%

Study 1 4.73 4.91 5.17 5.52

Males 3.7% 8.6% 14.4%

Table 4.1.5: Comparison of both male and female subject mean baseline PPT (kg/cm2) by 

visit independent of measurement site during Study 1.

From Table 4.1.5 it can be seen that for the particular set of measurement 

sites used in Study 1 and calculated independent of specific sites, it can be 

seen that the mean change in PPT across visits was similar for men and 

women. Increases in PPT levels were found from V1 through to V4 for both 

males and females with females having slightly higher increases in V3 and V4 

when compared to males.

Study 2 findings followed basically similar patterns by gender and visit (Tables

4.1.6 and 4.1.7) with 17 significant elevations at seven measurement sites for 

females and six at four sites for males. All involved V4 mean PPT being 

elevated compared with V1 alone (N=3 for males), or with V2 (N=4 for 

females) or with V2 and V3 (N=3 for females; N=1 for males).
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Site Visit 1 Visit 2 Visit 3 Visit 4 Statistically significant

differences (p<0.05)

L110 3.4 3.3 3.3 3.8 -

-2.6% -2.6% 9.2%

ST36 5.5 5.6 5.5 6.1 -

2.4% 0.0 9.6%

KD3 4.4 4.4 4.9 5.3 V4> V1 and V2

0.0% 9.8% 16.2%

LR5 4.6 4.5 4.6 c o
LLZ. V4>V1 and V2

-0.6% 0.0% 12.7%

LI5 3.7 3.7 3.7 4.5 V4>V1, V2 and V3

0.0% 0.0% 16.7%

PC6 4.2 4.3 4.7 5.1 V4>V1 and V2

1.5% 8.7% 15.7%

LI20 1.8 1.9 2.1 2.5 V4> V1, and V2

6.6% 12.5% 15.2%

GB12 3.1 3.1 3.4 3.8 V4>V1’V2 and V3

0.0% 8.1% 19.4%

Nap-Radius 4.2 4.1 4.4 4.5 -

-2.6% 4.3% 6.7%

Nap-Sole 5.9 6.0 6.1 7.0 V4<V1, V2 and V3

2.0% 2.6% 15.8%

Table 4.1:6: Comparisons of female mean baseline PPT (kg/cm2) by visit recorded during 
Study 2. Mean PPT values and percentage difference for visits V2-V4 compared to visit 1 are 
provided for each site for each of the four visits.

□ visit one
□ visit two
□ visit three
□ visit four

Figure 4.1.5: Comparisons of female mean pre intervention PPT (kg/cm2) by visit during Study

2. Mean PPT values provided for each site for each of the four visits.
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Site Visit 1 Visit 2 Visit 3 Visit 4 Statistically significant 
differences (p<0.05)

L110 5.4 5.5 5.6 7.1 V4>V1, V2 and V3

0.3% 2.4% 23.9%

ST36 8.6 8.9 9.1 9.6 -

2.4% 4.7% 9.8%

KD3 6.4 6.9 7.1 5.3 V4> V1

6.8% 9.9% 19.3%

LR5 6.7 6.8 7.3 8.1 -

1.9% 8.7% 17.7%

LI5 5.3 5.2 5.7 6.1 -

-2.9% 6.7% 14.2%

PC6 5.5 6.2 6.6 6.6 -

12.3% 16.4% 16.4%

LI20 2.7 3.1 3.2 3.5 V4> V1

13.0% 15.7% 32.9%

GB12 4.1 4.5 4.9 5.5 V4>V1

9.9% 16.4% 25.5%

Nap-Radius 5.9 5.9 6.8 7.2 -

0.0% 13.3% 18.1

Nap-Sole 8.3 8.1 9.2 9.6 -

-2.4% 9.8% 13.6%

Table 4.1.7: Comparisons of male subjects mean baseline PPT (kg/cm2) by visit recorded 
during Study 2. Mean PPT values and percentage difference for visits V2-V4 compared to 
visit 1 are provided for each site for each of the four visits.

Measurement Site

Figure 4.1.6: Comparisons of male subjects mean pre intervention PPT (kg/cm2) by visit for

Study 2, Mean PPT values provided for each site for each of the four visits.
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Study group Visit 1 Visit 2 Visit 3 Visit 4
Study 2 4.08 4.09 4.27 4.78
Females 0.03% 4.5% 14.7%
Study 2 5.89 6.11 6.55 6.86
Males 3.7% 11.1% 14.2%

Table 4.1.8: Comparison of male and female subject mean baseline PPT (kg/cm2) by visit 
independent of measurement site during Study 2. Mean PPT values and percentage 
difference for visits V2-V4 compared to visit 1 are provided for each site for each of the four 
visits.

From Table 4.1.8 it can be seen that for the particular set of measurement 

sites used in Study 2, that the mean change in PPT across visits was similar 

for men and women. Increases in PPT levels were found from V1 through to 

V4. Females had minimal increase at V2 (0.03%) and greatest increase at V4 

(14.7%). Males had the greatest increase in PPT at V4 (14.2%).

4.3 Aim three: comparison of mean preintervention PPT across the order 

of measures taken at each site
Research question: Is PPT for a given site stable within the same 
measurement period and what effect has gender on stability?

This section examines the variation in mean preintervention PPT across the 

sequence of five preintervention PPT measures (M) at each site and by 

gender, in view of the gender differences in baseline PPT obtained in both 

Study 1 and 2 baseline data. Results are presented in the following series of 

tables (4.1.9 - 4.1.12) and figures (4.1.7 - 4.1.10). Both the tables and 

particularly the figures illustrate two important findings.

First, that the repeated measurements at any given site tended to be 

consistent. Indeed, no statistically significant differences were detected 

between any of the five measures throughout both Study 1 and Study 2 (see 

Appendix I for tables of analyses).

Second, the figures clearly demonstrate the variation in PPT among individual 

measurement sites - some sites have lower thresholds than others.
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Site M1 M2 M3 M4 M5

L110 3.7 4.0 4.1 4.2 4.3

KD3 4.2 3.9 4.1 4.1 4.0

SP6 4.3 3.9 4.1 4.0 2.3

LI5 4.0 3.9 3.9 4.1 4.1

PC6 4.6 4.3 4.3 4.3 4.6

LI20 2.0 2.1 2.2 2.2 2.2

GB12 3.5 3.5 3.6 3.9 4.0

NAP-Li in a 6.1 6.1 6.4 6.6 6.5

NAP-Sole 5.8 5.9 5.9 6.0 6.1

NAP-Radius 5.1 4.7 4.8 4.7 4.9

Table 4.1.9: Comparisons of female subjects mean baseline PPT (kg/cm2) by order of 

measure (M) recorded during Study 1 for each site.

Site M1 M2 M3 M4 M5

L110 5.1 5.3 5.3 5.5 5.5

KD3 4.9 4.8 4.9 5.1 5.1

SP6 5.7 5.2 5.5 5.4 5.6

LI5 4.4 4.3 4.4 4.5 4.7

PC6 5.1 4.7 4.9 4.9 5.0

LI20 2.3 2.4 '2.4 2.5 2.5

GB12 4.2 4.2 4.3 4.2 4.4

NAP-Ulna 6.8 7.0 7.6 7.2 7.1

NAP-Sole 6.6 6.7 7.1 7.0 7.1

NAP-Radius 5.5 5.1 5.3 5.1 5.3

Table 4.1.10: Comparisons of male subjects mean baseline PPT (kg/cm2) by order of 

measure (M) recorded during Study 1 for each site.

Measurement Site

□ M1
□ M2

□ M3
□ M4 

HM5

Figure 4.1:7: Comparisons of female subjects mean pre intervention PPT across the order of 
readings taken at each site for Study 1.
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Measurement Site

Figure 4.1:8: Comparisons of male subjects mean pre intervention PPT across the order of 
readings taken at each site for Study 1.

Site M1 M2 M3 M4 M5

L110 3.4 3.4 3.5 3.5 3.4

ST36 5.7 5.7 5.7 5.9 5.6

KD3 4.6 4.7 4.9 4.8 5.0

LR5 4.5 4.8 4.7 4.9 5.0

LI5 3.8 4.0 3.9 4.0 4.0

PC6 4.6 4.5 4.6 4.6 4.8

LI20 2.0 2.1 2.2 2.2 2.0

GB12 3.3 3.4 3.4 3.4 3.5

Nap-Radius 4.2 4.3 4.4 4.4 4.2

Nap-Sole 6.1 6.4 6.5 6.5 6.0

Table 4.1.11: Comparisons of female subjects mean baseline PPT (kg/cm2) by order of 

measure (M) recorded during Study 2 for each site.

66



Site M1 M2 M3 M4 M5

L110 5.9 5.8 6.0 6.0 5.9

ST36 8.9 9.2 9.1 9.0 9.2

KD3 7.1 7.2 7.0 7.2 7.0

LR5 7.1 7.2 7.0 7.3 7.4

LI5 3.8 4.0 3.9 4.0 4.0

PC6 6.3 6.3 6.2 6.2 6,2

LI20 3.0 3.1 3.2 3.3 3.0

GB12 4.6 4.7 A -TH.( 5.0 4.7

Nap-Radius 6.3 6.4 6.6 6.5 6.6

Nap-Sole 8.9 8.5 9.0 8.7 9.0

Table 4.1.12: Comparisons of male subjects mean baseline PPT (kg/cm2) by order of 

measure (M) recorded during Study 2 for each site.

Measurement Site

Figure 4.1.9: Comparisons of female subjects mean pre intervention PPT across the order of 
readings taken at each site for Study 2.
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Measurement Site

Figure 4.1.10: Comparisons of male subjects mean pre intervention PPT across the order of 
readings taken at each site for Study 2.

4.4 Summary of results

Quite different relationships were observed for the research questions that 

were addressed in this:

1. Does gender affect regional PPT?

For gender effects, a strong, consistent relationship was observed with males 

in general having PPT values at any given regional measurement site 

significantly greater than for females.

2. Is PPT stable over a series of intervention visits? Is gender a relevant 
variable?

With respect to stability of PPT over an extended time frame (ie across four 

measurement periods separated by at least weekly intervals), there were 

some significant relationships that typically involved the initial and the final 

visits in the series of four, with the former being lower than the latter.

However this was only statistically significant on 15 occasions out of 20 for 

women and 11 out of 20 for men. This suggested that gender did have some 

minor relevance. No relationship was evident between visit order and PPT for 

V1 V2 or V3 and minimal between V2, V3 and V4.
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3. Is PPT for a given site stable within the same measurement period? Is 
gender a relevant variable?

With respect to stability of PPT across a series of repeated measurements in 

the same session (ie across ten minutes approximately), no relationship was 

observed; mean PPT did not change significantly with the order of 

measurement, for either males or females.

The literature has little agreement about the need for repeated measurements 

of PPT at the same site, or the reliability or consistency of such repeated 

measurements in the same sequence.

Additional research questions arising from the data collection

Obviously the mean PPT values for the individual regional measurement sites 

differed both by gender and by site. The mean values were ranked in relation 

to these two variables and results are summarised in Tables 4.1.13 and Table 

4.1.14.

Site Male Female Overall

PPT rank PPT rank PPT rank

L110 5.34 7 4.05 4 4.69 6

KD3 5.00 5 4.05 4 4.53 4

SP6 5.48 8 4.10 6 4.79 7

LI5 4.46 3 4.01 3 4.24 3

PC6 4.94 4 4.41 7 4.68 5

LI20 2.44 1 2.14 1 2.29 1

GB12 4.24 2 3.68 2 3.96 2

NAP-Ulna 7.05 10 6.31 10 6.68 10

NAP-Sole 6.92 9 5.94 9 6.43 9

NAP-Radius 5.31 6 4.81 8 5.06 8

Table 4.1.13: Comparison of pre intervention PPT (kg/cm2) for males and females separately 

and combined for Study 1. The table also shows the rank order of threshold from lowest to 
highest overall and by gender.
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Site Male Female Overall

PPT rank PPT rank PPT rank

L110 5.91 4 3.45 3 4.68 3

ST36 9.07 10 5.70 9 7.39 9

KD3 7.10 7 4.79 7 5.95 7

LR5 7.20 8 4.79 7 5.99 8

LI5 5.57 3 3.95 4 4.76 4

PC6 6.23 5 4.59 6 5.41 6

LI20 3.13 1 2.11 1 2.62 1

GB12 4.75 2 3.41 2 4.08 2

Nap-Radius 6.47 6 4.30 5 5.39 5

Nap-Sole 8.80 9 6.32 10 7.56 10

Table 4.1.14: Comparison of pre intervention PPT (kg/cm2; for males and females separately 
and combined for Study 2. The table also shows the rank order of threshold from lowest to 
highest overall and by gender.

Both tables show that when the relative ranks for the threshold values at each 

site were compared by gender, similar patterns were obtained. This was the 

case for both Study 1 and 2.

For example, in Study 1 (Table 4.1.13), the lowest ranked PPT thresholds for 

both genders were at LI20, followed by GB12 and then LI5 and the highest 

were at NAP-Ulna and NAP-Sole. The main differences in rank order by 

gender related to sites with intermediate PPT values where the difference in 

means between sites was usually small. This is illustrated by the widest 

differences observed between ranks by gender in Study 1 data, which 

occurred for sites L110 (rank 7 for males and 4 for females) and site PC6 (rank 

4 for males and 7 for females. The difference in threshold measurement 

values for males between these three ranks was 0.4kg/cm2 (ie 5.34 to 4.94 

kg/cm2) and 0.36 kg/cm2 for females (4.05 to 4.41 kg/cm2).

In Study 2 (Table 4.1.14) across all ten sites, the gender ranks were either the 

same or differed only by one rank level. The lowest ranked PPT thresholds for 

both genders were at LI20, followed by GB12, followed by either L110 or L115
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as rank 3 or 4, and the two highest ranked PPT values were either at Nap- 

Sole or ST36.

While the two studies did not have the same ten measurement sites, among 

the same eight that were included in both, there was some consistency in their 

relative rankings with respect to one another (ie ranked 1 to 8), as shown in 

Table 4.1.15.

Site Study 1
PPT rank

Study 2
PPT rank

LI20 2.29 1 2.62 1

GB12 3.96 2 4.08 2

Li5 4.24 3 4.76 4

KD3 4.53 4 5.95 6

PC6 4.68 5 5.41 5

L110 4.69 6 4.68 3

NAP-Radius 5.06 7 5.39 5

NAP-Sole 6.43 8 7.56 8

Table 4.1.15: Overall mean PPT in kg/cm2 and relative rankings of baseline PPT for the eight 
regional measurement sites included in both Study 1 and Study 2. Bold indicates the same 
relative ranking for both studies.

The values for both the two lowest thresholds (LI20 and GB12) and the 

highest (NAP-Sole) were distinctly different from those for the intermediately 

ranked sites. This suggests it may be possible to choose regional sites that 

will consistently provide relatively low, intermediate or high threshold values.

Another feature of the data in the Table 4.1.15 is that although the two study 

samples involved different subjects (but an equal gender split in both cases), 

the actual mean PPT values in kg/cm2 obtained for a given site are similar for 

both studies.
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4.5 Discussion concerning the reliability of algometry

The significant differences in regional PPT associated with gender have 

important implications for research study design in this field. Obviously, if a 

between subjects experimental design is planned, the randomisation process 

must include a stratification procedure so that the balance of same gender 

subjects is the same in each different intervention group. This is avoided if a 

within subjects experimental design is to be applied, with each subject acting 

as their own control.

The gender differences also illustrate the importance of recognising that 

gender does play a role in setting normal PPT levels and that there is not ‘one’ 

value or range of values for a particular regional location (ie for subjects in 

good health): it is necessary to determine typical value and range separately 

for men and women.

The present results are consistent with those of six studies reviewed where 

men were reported to have a higher pain threshold than women. Interestingly 

the two studies that detected no pain threshold difference between males and 

females concentrated the measurements on the head/face region (Antonaci et 

al 1992 and Vatine et al 1993). However in the present study this was not the 

case for the sole site located on the face (LI20), that recorded significant 

(p<0.001) differences of mean PPT between males and females.

This study was unable to examine possible effects of age on regional PPT 

because most subjects were relatively young (being drawn from a university 

student body with an average age 28.05 years for Study 1 and 24.5 years for 

Study 2) It is quite likely that age also may influence pain threshold levels and 

these effects may not necessarily be similarly important for both genders.

The findings in relation to the effect on mean PPT by visit order and gender 

show that these are two important variables that must be taken into account in 

studies of PPT that require multiple visits and where both male and female 

subjects are involved.
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Careful planning of the randomisation process will ensure that (a) equal 

proportions of subjects will receive each different intervention at each visit in 

the sequence and (b) if men and women are involved, again a stratification of 

randomisation is required so that a balanced design by gender and visit is 

achieved. This is facilitated by careful use of an envelope system of 

randomisation, developed prior to commencement of the study.

For example, in the present research, in which 20 subjects were to be 

involved; ten men and ten women, with four interventions across four visits; 

the 24 possible sequences of four interventions across for visits were written 

on slips of paper. These were then paired in terms of similarity of 

presentation order (eg T1, T2, T3, and T4 sequence is closely matched with 

T1, T2, T4, T3; T2, T3, T4, T1 is closely matched with T2, T3, T1, T4 and so 

on). The two slips of paper were then sealed in individual envelopes and then 

randomly labelled M or F (coin toss) for inclusion as a treatment sequence by 

male or female subjects respectively. This procedure results in 12 envelopes 

for the two gender groups of subjects. Each subject on commencing the 

study, randomly selected an envelope and this determined the sequence of 

interventions by visit.

Since this careful procedure was followed for both Study 1 and Study 2, the 

effects of these potentially influential extraneous variables were controlled. 

These present results are consistent with the finding of Kosek (1993) where 

the mean PPT for the third visit was significantly elevated in comparison with 

means for the two preceding visits. However, five other PPT studies reported 

no inconsistencies between mean PPT throughout a number of visits.

For both Study 1 and 2, it should be noted that subjects were not simply 

attending the four sessions in order to have baseline PPT levels measured, 

and it is likely that the influence of the associated intervention may have 

contributed to the statistically significant rise in baseline PPTs observed for 

some sites mainly involving changes from the first to the final visit and among 

female subjects.
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On each occasion, subjects were aware that they would be receiving an 

unknown intervention that would involve MA, TENS or EA. At the initial 

session, given their lack of familiarity and experience with the experimental 

procedure, a heightened awareness of a perceived PPT might be expected.

Subjects were also required to complete a questionnaire at the end of each 

visit recording subjective variables about the intervention such as pain, 

tension and anxiety experienced during the intervention. Whether or not an 

intervention produced negative sensations, these questions could suggest to 

subjects that a subsequent session might produce them. However, with 

increased experience with the procedure, such an influence would be 

expected to wane. Indeed, there was a tendency for the mean PPT levels to 

increase with each successive visit, but in general, on the occasions when this 

occurred, it related to comparisons of the initial and the final intervention visits.

No significant differences were recorded throughout either of Study 1 or Study 

2 involving baseline mean PPT across the five measures taken. These 

findings are in agreement with those of Orbach (1989), Chesterton (2003) and 

Antonaci (1992) for various series of successive measures in a single session. 

However, other authors have reported significant effects when repeated 

measures are taken, including the results published by Kosek (1993) and 

Nussbaun and Downes (1993). Interestingly they all reported that the first 

measure of PPT was statistically different from subsequent measures.

The range of mean PPT values obtained for the individual regional 

measurement sites in Study 1 and Study 2, strongly suggest that attempting to 

decide an ‘average’ or ‘typical’ PPT for an individual is of little meaning or 

value. This has relevance for reporting of PPT studies in the literature where 

some reviewers request (for example) that measurements from multiple sites 

be reported as an overall PPT. Not only is this inappropriate for baseline 

measurements, but with respect to post intervention measurements, unless 

the intervention produced a effect that was generalised (and to the same 

extent, across all measurement sites), then use of an aggregate reporting may
i

obscure or totally override a localised specific effect.
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Chapter 5: Results for Study I and Study 2
Section 5.1: Study 1

Study 1 compared the effects of manual acupuncture, electroacupuncture and 

TENS on regional PPT. The results are presented in relation to each research 

aim in turn. Tables with associated analysis of variance are presented in

Appendix I. Note that while the same set or analyses were compseiea 

PPT data both prior to and following the log transformation defined in Section

3.10.1 of Chapter 3, in view of the minor differences in statistically significant 

findings detected by either approach, only the results for the analyses applied 

to the log transformed PPT data are presented here. However Appendix II 

includes a summary of the findings obtained on the data prior to log 

transformation, including similar sets of tables and figures.

f r>f 'inoli u/ora rnmnlofaH nn I ho

5.1.1 Aim one: comparison of the effects on PPT of the four

interventions (ie en block, independent of measurement site)
Research question: Do the four interventions produce similar changes in 
regional PPT independent of measurement site?

An initial analysis was completed, independent of measurement site, to 

compare the effects on post intervention PPT among the four interventions. 

The sequence shown for the results is that followed for most sections of the 

results. That is the initial table (here Table 5.1.1) and the associated figure 

(here Figure 5.1.1) presents the results using the log transformation of the 

data, summarising the effects on post intervention PPT among the four 

interventions. These are followed by a second table (here Table 5.1.2) which 

lists all significant differences between interventions effect on mean 

percentage PPT independent of measurement site.
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Intervention Mean % PPT 
change

F statistic p value 95% Cl

TENS LI4 5.9 F 1,2132 = 94.5 < 0.000 5.0; 7.2

EALI4 10.4 F 1,2131 = 225.4 < 0.000 8.9; 11.8

EA to LR3 9.3 F 1,2131 = 186.3 <0.000 7.9; 10.7

MA to LI4 7.3 F 1,2139 = 1 09.8 < 0.000 5.9; 8.7

Table 5.1.1: Mean percentage change in PPT from preintervention mean, independent of 
measurement site, following the four interventions. The F statistic from Tukey 
simultaneous test is included, as is the probability values (p) and the 95% confidence 
intervals (Cl).

UTENS to LI4 

M EA to LI4

□ EA to LR3

□ MA to LI4

TENS EA to EA to MA to
to LI4 LI4 LR3 Li4

Intervention

Figure 5.1.1: Mean % increase in PPT following the four interventions of TENS to LI4, EA to 
LI4, EA to LR3 and MA to LI4 independent of measurement site.

Statistically significant comparisons Mean PPT difference 
between interventions

p value

EA to LI4 TENS to LI4 4.5 p<0.0000

EA to LI4 MA to LI4 3.1 p-0.0185

EA to LR3 TENS to LI4 3.4 p=0.0034

Table 5.1.2: Statistically significant differences for between intervention comparisons of the 
mean % percentage change in PPT post interventions, independent of measurement site, 
following the four interventions, (p = adjusted probability value calculated from Tukey 
simultaneous test).

All four interventions significantly elevated mean percentage PPT from 

baseline (p<0.0001) when considered independent of measurement site. 

TENS to LI4 produced the smallest mean increase (5.9%), followed by MA to 

LI4 with a mean elevation of 7.3%. Both EA interventions produced similar 

elevations with EA to LI4 (10.4%) and EA to LR3 (9.3%). From Table 5.1.2 it 

can be seen that the mean increase following EA to LI4 was statistically 

significantly greater than following TENS (p<0.0001) or MA (p=0.034) to LI4. 

EA to LR3 was also more effective in elevating mean PPT than was TENS to 

LI4 (p=0.0034).
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In summary, of the three interventions involving LI4, EA was more effective at 

elevating mean percentage PPT than either MA or TENS. The mean PPT 

effects for the other LI4 comparisons did not differ significantly from each 

other.

5.1.2 Aim two: comparison of the effects on PPT of the four 

interventions by individual measurement site
Research questions: Do the four interventions produce similar changes in 
regional PPT measured at specific designated sites either (a) within the one 
inten/ention, or (b) between interventions? ,

5.1.2a Within intervention comparison

Results of analysis of variance are summarised in Table 5.1.3 and Figure 

5.1.2. Table 5.1.3 and Figure 5.1.2 show that among the four interventions 

across the ten individual measurement sites, the two EA interventions 

generally produced the largest mean increase. These were statistically 

significant at nine of ten sites for both EA to LR3 and EA to LI4. Surprisingly, 

the smallest and only statistically insignificant elevation of mean PPT 

observed following EA to LI4 occurred at measurement site NAP-Radius, 

which is located in the same dermatome and acupuncture channel as the 

intervention site itself.

Following TENS to LI4, mean % PPT elevations were statistically significant at 

six measurement sites: SP6, GB12, LI20, NAP-Sole, NAP-Radius and NAP- 

Ulna, with increases ranging from 5.4% to 10.9%. TENS to LI4 had by far the 

strongest effect at a local site NAP-Radius (note the significance level of 

p<0.0001 for this site effect while the significance level of p<0.05 was found 

for the other five significant increases for this intervention).

MA to LI4 produced mean PPT elevations that were statistically significant at 

eight sites, but not at either the acupoint L110, which lies on the same 

acupuncture channel as the intervention or at NAP-Sole.
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Figure 5.1.2: Comparison of the relative effects on PPT of the four interventions by site

Site
TENS to LI4 EA to LI4 EA to LR3 MA to LI4

mean 95%CI mean 95%CI mean 95%CI mean 95%CI
Acupoint

L110 4.2 -2.3; 11.4 8.1** 1.4; 15.6 6.4 -1.5:13.7 3.5 -3.1; 10.4

KD3 3.4 -3.9; 10.7 14.5*** 6.7; 22.9 8.4*** 2.7; 14.6 9.1** 1.8; 13.7

SP6 7.3* 1.7; 13.5 15.8*** 9.5; 22.3 8.4*** 2.7; 14.6 7.6** 1.8; 13.7

LI5 5.7 -1.0; 12.6 4.2; 18.4 9.9*** 3.2; 17.1 6.7* 0.02; 13.5

PC6 4.2 -2.9; 11.5 11.9*** 4.5; 20.0 10.9*** 3.5: 18.8 10.4** 3.0; 18.3,

LI20 5.7* 1.1; 10.6 6.4** 1.4, 11.2 7.6*** 2.5, 12.6 9.6*** 4.7, 14.8

GB12

*C
O 1.1, 11.9 9.1*** 3.6, 14.8 8.6*** 3.1, 14.3 8.1** 2.5, 13.8

Nonacupoint
NAP-
Ulna 7.3* 2.1; 15.2 8.8** 1.4; 17.0 10.9*** 3.4; 19.1 7.2* 1.9; 15.4
NAP-
Sole 5.4* 1.1; 11.1 12.4*** 6.7, 18.5 10.1*** 4.7; 16.1 4.9 -0.3; 10-6
NAP-
Radius 10.9*** 3.7: 18.0 6.4 -0.1,13.2 9.9** 3.1; 16.9 6.9* 0.2, 13.9

Table 5.1.3: Mean percentage change in PPT from preintervention mean for the ten regional 
measurement sites, following interventions of TENS to LI4, EA to LI4, EA to LR3 and MA to LI4. 
Statistically significant increases and their 95% confidence intervals (Cl) are displayed. The 
adjusted p values are indicated as: *** p <0.0001, ** p <0.001, * p <0.05.
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5.1.2b Between intervention comparison (ie examination of the relative 

effects on PPT of the four interventions by site)

Further analysis was completed to determine whether changes in PPT 

obtained at individual sites, following the different interventions, differed 

significantly from one another. Table 5.1.4 presents all comparisons where 

statistically significant differences in effects on PPT were found.

Overall, there were only nine comparisons out of a total of 40 where the 

effects of the four interventions differed statistically significantly from one 

another. In every case the difference involved an EA intervention being more 

effective than another intervention.

Comparison
PP i measurement site

KD3 SP6 PC6 NAP-Sole

EA to LI4
compared
with

TENS to LI4 P< 0.0000 P= 0.0003 P< 0.000 P= 0.002

MA to LI4
P= 0.0004 P= 0.0002

EA to LR3
P= 0.001

EA to LR3 TENS to LI4 P= 0.0027

MA to LI4 P= 0.04

Table 5.1.4: Statistically significant differences between the effects of the four interventions 
on post intervention mean percentage change in PPT, by regional measurement site (p = 
adjusted probability value calculated from Tukey simultaneous test).

Seven comparisons showed EA to LI4 to be the more effective intervention: 

four when compared with TENS to LI4 (KD3, SP6, PC6 and NAP-Sole); two 

when compared with MA to LI4 (SP6 and NAP-Sole) and one with EA to LR3 

(SP6). The remaining two comparisons showed EA to LR3 intervention to be 

more effective than TENS to LI4 at KD3 and than MA to LI4 at NAP-Sole.
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The data analysis of the between intervention mean percentage change in 

PPT suggests that the two electroacupuncture interventions, particularly the 

EA to LI4 group, were most effective.

Also noteworthy is that of the ten measurement sites, only four were involved 

in these statistically significant differences in intervention effects.

For SP6, this included all three intervention comparisons involving EA to LI4. 

That Is, EA to LI4 produced statistically significantly greater elevations in 

mean PPT at this site than any of the three other Interventions. Given the 

intervention location and the PPT measurement site this finding supports 

generalised effects as opposed to what would be expected from either 

acupuncture channel theory or neural segmental theory.

For i Measurement site NAP-Sole there were three comparisons, two with EA 

to LI4 (compared with MA or TENS to LI4) and one with EA to LR3 compared 

with MA to LI4. At site KD3, both comparisons involved TENS to LI4 being 

less effective than EA to either LI4 or LR3. At PC6 the lone comparison 

showed EA to LI4 was more effective than TENS to LI4.

5.1.3 Aim three: comparison of distribution of regional PPT effects by 

intervention
Research question: Do the effects of the interventions on PPT follow a pattern 
predicted by the acupuncture channel theory or neural segmental theory?

Table 5.1.5 compares the distribution of observed effects on PPT at the ten 

regional sites predicted by the acupuncture channel theory and neural 

segmental theory.

From Table 5.1.5, when comparing the observed responses to the predicted 

responses of the two theories it is clear that typically, the effects observed in 

the study on PPT were generalised across most of the regional measurement 

sites. Comparing the observed findings with those predicted by neural 

segment or TCM channel theories it is evident that there is little support for 

either theory.
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5.1.4 Aim four: evaluation of subject perceptions between interventions

Research question: Do subjects’ perception of pain, anxiety prior to the 
intervention, tension during the intervention, inten/ention sensation or changes 
in acupuncturist’s behaviour vary between interventions?

The perceptions of subjects’ of pain, intervention sensation, tension, anxiety 

and changes in acupuncturist’s behaviour from the initial intervention session 

were compared among intervention conditions, and the results of analysis are 

displayed in Table 5.1.6 and Figure 5.1.3. There was not any significant 

difference observed among the four interventions for any of the five subjective’ 

variables (p value ranging from 0.10 to 0.85).

VAS scale TENS to LI4
mean 
(sd )

EA to LI4 
Mean 
(sd)

EA to LR3 
Mean 
(sd)

MA to LI4 
Mean 
(sd )

F and p 
values

Pain 28 (19) 36 (21) 40 (23) 39 (27)
F 3,92 =1.22 
p=0.30

Intervention
sensation 59 (20) 68 (24) 68 (22) 66 (29)

F 3,92 = 0.84 
p=0.47

Tension 12(9) 14(11) 21 (19) 17(17)
F 3,92= 1-77
p=0.16

Anxiety 19 (24) 15 (15) 16(17) 16 (15)
F 3,92 = 0.26 
p=0.85

Acupuncturist’s 
behaviour change _110.9)______ 1 (0.2) 1 (1.2) 1 (0.1)

F 3,92 = 0.15 
p=0.1Q

Table 5.1.6: Comparison of mean percentage scores for pain, needle sensation, tension, 
anxiety and acupuncturist’s behaviour, each recorded on 100mm VAS by subjects for the 21 
minutes of each intervention. The F statistic from Tukey simultaneous tests are included, as 
are the p values and standard deviation (sd).

The four interventions did not differ significantly in relation to the reported 

perceptions of subjects of pain, intervention sensation, tension, anxiety, or the 

acupuncturist’s behaviour change. These findings suggest that nonspecific 

/subjective treatment effects appeared not to play a significant role in 

observed differences in mean PPT between the interventions. It should be 

noted that this did not reflect absence or low levels of some perceptions. For 

example strong intervention sensations were reported for all four interventions 

and the mean sensation scores ranged from 59% (TENS) to 68% for both EA 

interventions, and moderate levels of pain of pain were also evident for all 

interventions.
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Figure 5.1.3: Comparison of the pain experienced, sensation, feeling of tension, anxiety and 
acupuncturist’s behaviour change between interventions (the vertical axis indicates the mean 
percentage VAS score and the horizontal axis indicates four interventions).
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The researchers requested each subject mark the VAS concerning the level of 

intervention sensation and then if they could describe the sensation. Not all 

subjects did decide to describe it. Following the TENS intervention several 

subjects described it as a slight prickle (5) while, the other description 

forwarded was electrical (6). Sensations of cramping (3), heaviness (4), 

electrical (8) and warmth (1) were the descriptions obtained following the EA 

to LI4 intervention.

Surprisingly the descriptions of the EA to LR3 sensations were different to the 

previously mentioned EA intervention, possibly due to the difference in the two 

sites’ anatomy. That is that as LI4 is a fleshy area when compared to LR3. 

The descriptions were stinging (3), tingling (3), electrical (5) and warmth (1). 

Subjects described the sensation of MA to LI4 intense prickle (4), heavy (5) 

and radiating (3). Therefore although there were no significant differences 

between the levels of sensation felt between the interventions there did as 

expected exist differences between the types of sensation registered.

Mean pain scores for the four interventions ranged from 28% (TENS) to 40% 

(EA to LR3) of the scale. These levels indicated that on average each 

intervention produced quite noticeable pain. It should recalled that each 

subject set the stimulation intensity for the electro interventions at a level 

defined as ‘strong but comfortable’. Interestingly those levels of pain did not 

differ from the less predictable modality MA to LI4.

Mean tension and anxiety scores were much lower, ranging from 12% (TENS) 

to 21% (EA to LR3) and 15% (EA to LI4) to 19% (TENS) respectively. The 

ratings of change in the acupuncturist’s behaviour were very low for all 

interventions, with mean scores of approximately 1%.

In summary, the lack of significant differences between interventions suggests 

that none of the subjective factors contributed significantly to the differences in 

effects elicited on PPT by the four interventions. The acupuncturist’s credibility 

scores were all similarly low (1% of VAS scores), suggesting a lack of bias 

produced by this researcher’s behaviour.
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5.1.5 Aim five: comparison of relationships between pairs of subject 

variables

Relationships between pairs of subjective variables associated with the 

interventions were analysised to assess their possible influence upon mean 

percentage PPT fluctuations following the interventions. Subjects’ responses 

to the questions concerning perceptions of pain, intervention sensation, 

tension and anxiety were examined for possible relationships using Pearson 

product moment r, and resuits are shown in Tables 5.1.7 (significant 

relationships are in bold).

Intervention

Pain Sensation Tension

r P r P r P

TENS to LI4

Sensation 0.40 0.06

Tension -0.16 0.46 0.12 0.57

Anxiety -0.11 0.60 0.22 0.29 0.51 0.01

EA to LI4

Sensation 0.50 0.01

Tension 0.29 0.16 0.32 0.13

Anxiety -0.03 0.87 0.06 0.77 -0.04 0.84

EA to LR3

Sensation 0.27 0.21

Tension 0.26 0.21 -0.06 0.97

Anxiety 0.41 0.04 0.18 0.41 0.69 >0.000

MA to LI4
Sensation 0.17 0.40

Tension 0.58 0.003 0.01 0.94

Anxiety 0.41 0.04 -0.31 0.14 0.44 0.03

Table 5.1.7: Correlation matrix of Pearson product moment r for VAS scores for pain, needle 
sensation, tension, anxiety and acupuncturist’s behaviour change, recorded for the 21 
minutes procedure in four interventions.

There were seven significant positive correlations among the pairs of 

subjective variables (Table 5.1.7). Not surprisingly, all involved either tension 

and/or pain. The four significant correlation involving pain comprised pain and 

anxiety for both MA to LI4 and EA to LR3, pain and needle sensation for EA to 

LI4, and tension and pain for MA to LI4. Tension and anxiety were positively 

correlated for the three interventions involving needling (but not TENS).
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5.1.6 Study 1: Summary of results

The study findings are summarised below in relation to the study aims.

Aim One: comparison of the effects on PPT of the four interventions (ie en 

block, independent of measurement site).

Of the three interventions involving LI4, EA was more effective at elevating 

mean percentage PPT than either MA or TENS.

Aim two: comparison of the effects on PPT of the four interventions by 

individual measurement site.

All four interventions produced some increase in mean % PPT at ail 

measurement sites, they did vary in the number of regional sites at which 

these increases reached significance (32 of the 40). Thus for each 

intervention, the effects recorded for individual sites varied, not only in mean 

levels of increase, but in terms of whether these changes were statistically 

significant.

Both EA interventions not only generally produced the largest mean 

increases, but these increases were statistically significant at nine out of ten 

sites for both EA to LR3 and EA to LI4. Increases ranged from 7.6% to 10.9% 

for EA to LR3 and from 6.4% to 15.8% for EA to LI4.

MA to LI4 produced mean PPT elevations that were statistically significant at 

eight regional sites (ranging from 6.7% to 10.4%) while for TENS to LI4, this 

occurred at only six measurement sites, with increases ranging from 5.4% to 

10.9%.

Although these results show that the interventions did show some differences 

in the number of sites at which statistically significant increases in PPT were 

attained, these differences were often relatively minor and do not necessarily 

translate into one intervention being significantly superior to another. That is, 

when between interventions analyses were completed, there were 32
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statistically significant mean elevations recorded among the 40 within 

intervention analyses. However, among these, there were only nine sites 

where two interventions effects differed significantly from the effects of 

another intervention.

It is noteworthy that in every case where the effects among the four 

interventions differed statistically significantly, the difference involved an EA 

intervention being more effective than another intervention.

Seven significant differences involved EA to LI4 being the more effective 

intervention: four when compared with TENS to LI4 (KD3, SP6, PC6 and 

NAP-Sole); two when compared with MA to LI4 (SP6 and NAP-Sole) and one 

with EA to LR3 (SP6). Two significant differences involved EA to LR3 being 

more effective than TENS to LI4 (KD3) and than MA to LI4 (NAP-Soie); 

therefore, the findings suggest that of the four interventions, in a limited 

number of occasions the electroacupuncture interventions (and possibly 

particularly the EA to LI4) were most effective. However it should also be 

noted that these nine significant differences were only observed at a total of 

four of the ten measurement sites used.

Aim three: comparison of distribution of regional PPT effects by intervention.

The distribution of significant effects on mean percentage PPT could best be 

described as generalised across the body and bore little relation to predictions 

by either the neural segment or TCM channel theory.

Aim four: evaluation of subject perceptions between interventions.

Among the four interventions, there was no significant difference for each 

mean level of pain experienced, needle or intervention sensation experienced, 

for level of tension reported, level of anxiety and acupuncturist’s behaviour 

change reported.

However, all four interventions were reported to elicit quite intense 

intervention sensation, ranging from 59% to 68% of the 100mm VAS score.
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Among the five subject variables, there were some significant relationships 

observed. For all interventions except EA to LI4, anxiety experience before 

the intervention had a positive correlation with tension experienced during the 

intervention. For both EA to LR3 and MA to LI4 a positive correlation was 

recorded between pain and the tension experienced during the intervention. 

Finally and somewhat surprisingly only EA to LI4 recorded a positive 

correiation between pain and ievei of sensation.



Chapter 5: Results for Study I and Study 2
Section 5.2: Study 2

Study 2 compares effects of MA and EA applied to acupoints and 

nonacupoints on regional PPT. The results are presented in relation to each 

research aim in turn. Tables with associated analysis of variance are 

presented in Appendix 2.

5.2.1 Aim one: comparison of the effects on PPT of the four

interventions (ie en block, independent of measurement site)
Research question: Do the four interventions produce similar changes in 
regional PPT independent of measurement site?

A%r> initial analysis was completed, independent of measurement site, to 

compare the effects on post intervention PPT among the four interventions. 

Results are summarised in Table 5.2.1 and Figure 5.2.1. Table 5.2.2 shows 

the statistically significant differences in the mean effects upon PPT observed 

following the four interventions independent of site.

Intervention Mean % PPT change F statistic P value 95% Cl
MA to LI4 12.3 F 1,1780 = 282. <0.001 10.8; 13.8

MA to LR3 10.4 F 1,1780 = ”195. <0.001 9.2; 11.9

EA to LR3 11.8 F 1,1771 = 215. <0.001 10.1; 13.5

EA to NAP-Foot 9.1 F 1, 2139 = 149. <0.001 7.5; 10.6

Table 5.2.1: Mean percentage change in PPT from preintervention mean, independent of 
measurement site, following the four interventions. The F statistic from Tukey simultaneous 
test is included, as is the probability values (p) and the 95% confidence interval (Cl).

All four interventions significantly elevated mean percentage PPT from 

baseline (p<0.001) when considered independent of measurement site, with 

mean increases ranging from 9.1% for NAP-Sole to 12.3% for MA to LI4. In 

addition, there were three statistically significant between intervention 

differences in effects. MA to LI4 elicited statistically significantly greater 

increases in mean % PPT (12.3%) than either MA to LR3 (10.4%) or EA to 

NAP-Foot (9.1%). EA applied to LR3 was also significantly more effective in 

raising mean % PPT (11.8%) than was EA to the nonacupoint NAP-Foot 

(9.1%).
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Figure 5.2.1: Mean % increase in PPT following the four interventions of MA to LI4, MA to 
LR3, EA to LR3 and EA to NAP-Foot independent of measurement site.

Statistically significant comparisons Mean difference p value

MA to LI4 MA to LR3 1.9 p=0.0296

MA to LI4 EA to NAP-Foot 3.2 p=0.0001

EA to LR3 EA to NAP-Foot 2.7 p=0.0013

Table 5.2.2: Statistically significant differences between interventions comparisons of the 
mean percentage change in PPT post interventions, by regional measurement site (p = 
adjusted probability value calculated from Tukey simultaneous test).

Similar mean percentage increases were obtained for two interventions: MA to 

LI4 and EA to LR3 and both were significantly greater than those following EA 

to NAP-Foot. A cautious observation of these results involving only two 

acupoints and one nonacupoint is that site specificity may be an important 

factor in determining the effectiveness of an acupuncture intervention on PPT; 

that is, manual or electro acupuncture may be less effective when applied to a 

nonacupoint than to an acupoint.

5.2.2 Aim two: comparison of the effects on PPT of the four 

interventions by individual measurement site.
Research questions: Do the four interventions produce similar changes in 
regional PPT measured at specific designated sites either (a) within the one 
intervention, or (b) between interventions?

5.2.2.a Within intervention comparison

Results of analysis of variance for the within intervention comparisons are 

summarised in Table 5.2.3 and Figure 5.2.2.
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1 MAto U4 I MAto LR3 B EAto LR3 □ EAto NAP-Foot

Regional measurement site

Figure 5.2.2: Comparison of the relative effects on PPT of the four interventions by site.

Site
MA to LI4 MA to LR3 EA to LR3 EA to NAP-Foot

mean 95%CI mean 95%CI mean 95%CI mean 95%CI
(1) Acupoint

LI10 14.0*** 4.9; 23.8 10.4* 1.6; 19.9 8.6* 0.8; 18.1 12.2** 3.4; 22.0

ST36 9.6** 2.9; 16.6 10.9*** 4.0; 18.2 11 7*** 4.6; 19.2 2.3 -4.1; 9.1

KD3 9.9** 2.7; 17.3 13.2*** 6.1; 22.2 8.8* 1.8; 16.3 8.6* 1.5; 15.9

LR5 15.6*** 8.5; 23.2 13.5*** 6.3; 20.8 10.4** 3.5; 17.6 8.6** 1.8; 15.7

LI5 15.1*** 5.9; 24.5 4.4 -3.8; 13.2 10.7* 1.9; 19.8 11.9** 3.4; 21.5

PC6
^ -j -j *** 4.2; 18.4 8.3* 1.6; 15.4 12 2*** 5.2; 19.5 yj -| ^ *** 4.3; 18.5

LI20 10.6*** 5.9; 15.7 8.1*** 3.3; 13.0 12 7*** 7.9; 18.0 7.6** 3.0; 12.6

GB12 12 2*** 5.9; 19.2 10.4*** 3.9; 16.9 12 7*** 6.2; 19.5 8.4* 2.1; 15.9
(2) Nonacupoint
NAP-
Radius 15.1*** 6.5; 24.5 10.6* 1.6; 19.9 13.5*** 4.9; 22.6 12.7** 4.3; 21.9
NAP-
Sole 13.2*** 5.8; 21.1 16.4*** 8.7; 24.4 16.9*** 9.1; 25.0 7.1* 0.3; 14.4

Table 5.2.3: Mean percentage change in PPT from preintervention mean for the ten regional 
measurement sites, following interventions of MA to LI4, MA to LR3, EA to LR3 and EA to NAP- 
Foot. Statistically significant increases and their 95% confidence intervals (Cl) are displayed. 
The adjusted p values are indicated as: *** p <0.0001, **p <0.001, * p <0.05.
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From the above displays of the summary of results, it is clear that in general, 

each intervention at each regional measurement site elicited a statistically 

significant increase in mean % PPT; indeed of the 40 measurement cells, only 

on two occasions was the mean elevation observed not statistically significant. 

These were following MA to LR3 at site L15 (mean % increase = 4.4%) and at 

site ST36 following EA to NAP-Foot (mean % increase = 2.3%).

In keeping with the findings in section 5.2.1 where PPT effects independent of 

measurement site were compared for the four interventions; in general the 

mean increases at specific measurement sites tended to have lower values 

for the intervention applied to a nonacupoint (EA to NAP-Foot) than to the 

three involving an acupoint. These ranges were: 9.6% to 15.1% for MA to LI4; 

8.6% to 16.9% for EA to LR3; 4.4% to 16.4% for MA to LR3 compared with 

2.3% to 12.7% for NAP-Foot.

5.2.2b Between intervention comparison (ie examination of the relative 

effects on PPT of the four interventions by site)

Further analyses was completed to determine whether changes in PPT 

obtained at individual sites, following the different interventions, differed 

significantly from one another. Table 5.2.4 presents all comparisons for which 

involved statistically significant differences in effects on PPT were found.

Comparison
PPT measurement site

ST36 LR5 LI5 LI20 NAP-Sole

MA to LI4 
compared 
with

EA to NAP-Foot p = 0.0082 p = 0.0240

MA to LR3 p = 0.0012

MA to LR3 EA to NAP-Foot p = 0.0008 p = 0.0150

EA to LR3 EA to NAP-Foot p = 0.0003 p = 0.0351 p = 0.0005

MA to LR3 p = 0.0136

Table 5.2.4: Significant differences between the effects of the four interventions on post 
intervention mean percentage change in PPT, by regional measurement site (p = adjusted 
probability value calculated from Tukey simultaneous test).
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Overall, there were only nine comparisons out of a total of 40 where the 

effects of the four interventions differed statistically significantly from one 

another. In seven cases the difference involved the EA to NAP-Foot 

intervention being less effective than another intervention; these, were two 

sites when compared with MA to LI4 (at ST36 and LR5); two sites when 

compared with MA to LR3 (at ST36 and NAP-Sole) and three sites when 

compared with EA to LR3 (ST36, LI20 and NAP-Sole).

Thus, oniy on two occasions was there a significant difference in effectiveness 

between any two of the three interventions involving an acupoint. These both 

involved MA to LR3 being the lesser effective. These were comparisons with 

MA to LI4 at site LI5 and with EA to LR3 at site LI20. Note that no significant 

differences in effectiveness were observed between MA to LI4 and EA to LR3.

Again, as was noted in Study 1, of the ten measurement sites involved, only 

five were involved in these statistically significant differences in intervention 

effects. For the site ST36, this included all three intervention comparisons 

between EA to NAP-Foot with each of the other three interventions. On each 

occasion EA to NAP-Foot was less effective in elevating mean PPT at this site 

than any of the three other interventions. Neural segmental effects were 

predicted at site ST36 following all three interventions to sites on the foot, that 

is EA to Nap-Foot, EA to LR3 and MA to LR3 therefore EA to NAP-Foot had 

relatively ineffective neural segmental effects.

Neither the neural segmental theory or TCM channel theory predicted 

significant effects on PPT at site ST36 following MA to LI4. Therefore its 

results can only be described as a strong generalised effect.

For site NAP-Sole there were two comparisons, both involving intervention EA 

to NAP-Foot, and each involving one of the interventions to LR3 (ie EA to LR3 

and MA to LR3) being superior to the EA NAP-Foot intervention. For site LI20 

both comparisons involved EA to LR3 being superior to another intervention 

(MA to LR3 and EA to NAP-Foot). At LR5 and at LI5 the single comparisons 

showed MA to LI4 to be more effective than another intervention (EA to NAP- 

Foot and MA to LR3 respectively).
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In summary, while all four interventions in genera! significantly elevated 

regional PPT across the body, the data analysis of the between intervention 

mean percentage change in PPT suggests that the three interventions 

involving a designated acupoint were overall the more effective. There was 

also a modest indication that MA to LI4 and EA to LR3 were perhaps slightly 

more effective than MA to LR3. However it should be noted that significant 

differences only involved five of the ten measurement sites on a iotai of nine 

out of 40 possible comparisons.

5.2.3 Aim three: comparison of distribution of regional PPT effects by 

intervention
Research question: Do the effects of the interventions on PPT follow a pattern 
predicted by the acupuncture channel theory or neural segmental theory?

Table 5.2.5 compares the distribution of observed effects on PPT at the ten 

regional sites predicted by the acupuncture channel theory and neural 

segmental theory.

The distribution of significant PPT effects among the ten regional sites shown 

in Table 5.2.5 indicates that all four interventions produced what can only be 

described as generalised effects upon mean percentage PPT that only had 

some agreement with what was predicted by either the neural segment theory 

or by TCM channel theory. The fact that significant effects at all ten PPT 

measurement sites followed both MA to LI4 and EA to LR3 interventions and 

several of these sites were not predicted by either theory means the effects 

were beyond the expectations of both the theories.

From Table 5.2.5, when comparing the observed reactions with the predicted 

effects it is clear that the effects observed in Study 2 on PPT were generalised 

across virtually all regional measurement sites. These results are in keeping 

with those for Study 1 and similar (if not the same) discussion of the findings 

is applicable. Comparing the observed findings with those predicted by neural 

segment or TCM channel theories it is evident that there is little support for 

either theory. In addition, the generalised effect on regional PPT following the 

EA to NAP-Foot, raises questions about site specificity as assumed within
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TCM channel theory and designated acupoint sites; and or about whether EA 

and MA involve similar mechanisms of action.
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5.2.4 Aim four: evaluation of subject perceptions between interventions

Research question: Do subjects’ perception of pain, anxiety prior to the 
intervention, tension during the intervention, intervention sensation or changes 
in acupuncturist’s behaviour vary between interventions?

The perceptions of subjects’ of pain, intervention sensation, tension, anxiety 

and changes in acupuncturist’s behaviour from the initial intervention session 

were compared between intervention conditions, and the results of analysis 

are displayed in Table 5.2.6 and Figure 5.2.3 There was no statistically 

significant difference observed among the four interventions for any of the five 

subjects’ variables (p value ranging from 0.23 to 0.66).

VAS scale MA to LI4 
Mean (sd)

MA to LR3 
Mean (sd )

EA to LR3 
Mean (sd )

EA to Nap-Foot 
Mean (sd )

F and p value

Pain 45(13) 38 (19) 38 (20) 41 (21)
F 3 78 = 0.54 
p=0.65

Intervention
sensation 63 (24) 57 (24) 66(19) 64 (20)

F 3,76 = 0.55
p=0.66

Tension 18 (15) 17 (17) 24 (14) 25 (17)
F 3,76= 1.27 
p=0.23

Anxiety 16(15) 16(15) 20 (17) 24 (20)
F 3,76 = 1 -00 
p=0.39

Acupuncturist’s
behaviour
change

0.23 (0.8) 0.20 (0.1) 0.26 (1.2) 0.20 (0.1)
F 3,56 = 0.91 
p=0.44

Table 5.2.6: Comparison of mean percentage scores for pain, needle sensation, tension, 
anxiety and changes in acupuncturist’s behaviour, each recorded on 100mm VAS by 
subjects for the 21 minutes of each intervention. The F statistic from Tukey simultaneous 
tests are included, as are the p values and standard deviation (sd).
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Figure 5.2.3: Comparison of the pain experienced, sensation, feeling of tension, anxiety and 
acupuncturist’s behaviour change between interventions (the vertical axis indicates the mean 
percentage VAS score and the horizontal axis indicates four interventions), with no any 
statistically significant difference among interventions for any of these subjective variables.
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The four interventions did not differ significantly in relation to the reported 

perceptions of subjects of pain, needle sensation, tension, anxiety, or the 

acupuncturist’s behaviour change. However as the results show, it is evident 

that strong intervention sensations were reported for all four interventions and 

the mean sensation scores ranged from 57% MA to LR3 to 66% for EA to 

LR3.

The analysis of the VAS suggests that nonspecific/subjective treatment effects 

did not have a biasing effect on changes to PPT between the interventions. 

The researchers requested each subject mark the VAS concerning the level of 

sensation and then if they could describe the sensation. Not all subjects did 

decide to describe the sensation. Following the MA to LI4 intervention several 

subjects described it as intense prickle (6), heavy (4) and radiating (2). 

Following MA to LR3 subjects described the sensation as intense prickle (7), 

heavy (2), stinging (4) and radiating (1). Descriptions of sensations of EA to 

LR3 were electrical (6), cramping (3), heaviness (4) and warmth (3). 

Descriptions of the EA to NAP-Foot sensations were very similar to the 

previously mentioned EA intervention possibly due to the similarities in the two 

sites anatomy. The descriptions were electrical (8), cramping (2), heaviness 

(4) and warmth (1).

Mean pain scores for the four interventions relatively lower than the 

intervention sensation values and ranged from 37% (EA to LR3) to 45% (MA 

to LI4) of the scale. These levels indicated that on average the intervention 

produced more than simply mild pain. It should recalled that each subject set 

the stimulation intensity for the electro interventions at a level defined as 

‘strong but comfortable’. Interestingly, those levels of pain did not differ from 

the less predictable modalities of deep needling with manipulations.

Mean tension and anxiety scores were much lower, ranging from 17% (MA to 

LR3) to 25% (EA to NAP-Foot) and 16% (both MA intervention) to 24% (EA to 

NAP-Foot) respectively. Again, the lack of significant differences between 

interventions suggests that none of these factors contributed significantly to 

the differences in effects elicited on PPT by the four interventions. The
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acupuncturist’s credibility scores were all similarly low at around 0.21% VAS

scores, suggesting a lack of bias produced by this researcher’s behaviour.

5.2.5 Aim five: comparison of relationships between pairs of subject 

variables

Relationships between pairs of subjective variables associated with the 

interventions were analysised to assess there possible influence upon mean 

percentage PPT fluctuations following the interventions studied. Subjects’ 

responses to the questions concerning perceptions of pain, needle sensation, 

tension and anxiety were examined for possible relationships using Pearson 

product moment r, and results are shown in Tables 5.2.7 (significant 

relationships are in bold).

Intervention

Pain Sensation Tension

r P r P r P

MA to LI4

Sensation 0.78 0.000

Tension 0.45 0.052 0.20 0.394

Anxiety 0.25 0.60 0.08 0.737 0.65 0.002

MA to LR3

Sensation 0.73 0.000

Tension 0.38 0.121 0.29 0.233

Anxiety 0.36 0.121 0.31 0.182 0.92 0.000

EA to LR3

Sensation 0.19 0.432

Tension 0.11 0.21 0.17 0.47

Anxiety -0.13 0.583 -0.05 0.841 0.67 0.001

EA to NAP-Foot
Sensation 0.47 0.40

Tension 0.58 0.035 0.23 0.341

Anxiety 0.32 0.165 0.36 0.121 0.71 0.003

Table 5.2.7: Correlation matrix of Pearson product moment r for VAS scores for pain, 
needle sensation, tension, anxiety and acupuncturist’s behaviour change, recorded for 
the 21 minutes procedure in four interventions.

There were seven statistically significant relationships found among the pairs 

of subjective variables. A positive correlation was found between tension and 

anxiety for all four interventions, that is higher levels of anxiety in anticipation 

of the intervention related to experiencing higher levels of tension during the 

intervention period.
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The other three significant relationships involved pain, two of these were 

positive correlations between sensation and pain and the other was between 

anxiety prior to receiving intervention and the level of pain felt during the 

procedure.

Although there was a limited array of significant correlations evident in the 

findings, it appears that there is no consistent pattern and as per Table 5.1.6 

where no significant differences between the subjective variables and the 

interventions were found suggests no possible biasing effects of extraneous 

variables on the PPT findings.

5.2.6 Study 2: Summary of Study 2 results

The study findings are summarised below in relation to the study aims.

Aim One: comparison of the effects on PPT of the four interventions (ie en 

block, independent of measurement site).

Of the four interventions EA to NAP-Foot was significantly less effective than 

MA to LI4 and EA to LR3. An argument could be made that MA to LI4 was the 

most effective intervention since it elevated mean % PPT significantly more 

the MA to LR3 and EA to NAP-Foot; and effects elicited by EA to LR3 were 

only significantly superior in comparison with EA to NAP-Foot.

Aim two: comparison of the effects on PPT of the four interventions by 

individual measurement site.

All four interventions produced some increase in mean % PPT at all 

measurement sites, with these increases reaching significance in 38 of the 

possible 40 reaching measurement cells. Thus increases were not uniform 

and for each intervention, the effects recorded for individual sites varied, in 

terms of mean levels of increase, and whether these changes were 

statistically significant.

Both MA to LI4 and EA to LR3 not only generally produced the largest mean 

increases, but these increases were statistically significant at all ten sites 

(ranging from 9.6% to 15.6% and 8.6% to 16.9% respectively). Both MA to
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LR3 and EA to NAP-Foot interventions significantly elevated mean PPT at 

nine of ten sites. Increases ranged from 8.1% to 16.4% for MA to LR3 and 

from 7.1 % to 12.7% for EA to NAP-Foot.

Although these results show that the interventions’ did show some differences 

in the number of sites at which significant increases in PPT were attained, 

these differences were often relatively minor and do not necessarily translate 

into one intervention being significantly superior to another. That is, when 

between interventions analysis was completed, there were 38 statistically 

significant mean elevations recorded among the 40 within intervention 

analyses. However, among these, there were only nine sites where two 

interventions effects differed significantly from the effects of another 

intervention.

It is noteworthy that out of the nine effects among the four interventions that 

differed significantly, seven involved the EA to NAP-Foot intervention being 

less effective than another intervention; two, of these involved MA to LI4 being 

the more effective at elevating mean PPT when compared with EA to NAP- 

Foot (ST36 and LR5); another two when compared with MA to LR3 (ST36 and 

NAP-Sole) and finally three when compared to EA to LR3 (ST36, LI20 and 

NAP-Sole).

Therefore, the results indicate that an intervention that involved a nonacupoint 

is likely to be less effective than one that utilised an acupoint.

Aim three: comparison of distribution of regional PPT effects by intervention.

The distribution of significant effects on mean percentage PPT could best be 

described as generalised across the body and bore little relation to predictions 

by either the neural segment or TCM channel theory.

Aim four: evaluation of subject perceptions between interventions.

Among the four interventions, there was no statistically significant difference 

for each mean level of pain experienced, needle or intervention sensation
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experienced, for level of tension experience prior to intervention, level of 

anxiety during intervention period and acupuncturist’s behaviour change 

reported. However, all four interventions were reported to elicit quite intense 

intervention sensation, ranging from 57% to 66% of the 100mm VAS score.

Among the five subject variables, there were some significant relationships 

observed. For all interventions, anxiety experience before the intervention had 

a positive correlation with tension experienced during the intervention. The 

other three significant relationships involved pain. Two of these were positive 

correlations between sensation and pain and the other was between anxiety 

before receiving intervention and the amount of pain felt during the procedure.
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Chapter 6: Discussion of results for Study 1 and Study 2

The present research into regional PPT represented the fifth and the sixth in a 

series that have been completed by the acupuncture research group at the 

College of TCM at UTS. All studies used the same experimental model, 

procedures, PPT measuring technique and instrument (as described in 

Chapter 3 of this thesis).

The same statistical analyses were included (GLM and Pearson product 

moment r); however in the current study additional statistical steps were 

required to ensure the data was evenly distributed around the mean to avoid 

skewed data.

In order to facilitate comparison of findings between the different PPT studies 

completed at UTS, all studies have included the same reference intervention. 

That is, deep manual needling with standardised manipulation to LI4. Table 

6.1 summarises the mean % increase in PPT recorded following this 

standardised MA intervention to LI4 at the ten regional measurement sites 

used in each of the six PPT studies so far reported.

Although different studies have measured PPT at different sets of regional 

measurement sites, there are many common sites across two or more 

studies, which assists comparison of effects of the intervention at such sites 

across studies.
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Table 6.1 shows that 56 of the total of 60 mean % PPT changes reported, 

related to shared sites. At 45 of these, statistically significant effects on PPT 

were observed with 42 of these occasions reflecting the same site for more 

than one study. By contrast, of the 12 occasions where the PPT changes did 

not reach significance, not once was the same site involved for more than one 

study.

Three sites were included in all six studies: LI5 (R), LI20 (R), and NAP-Radius 

(L) and in five studies statistically significant increases in mean% PPT were 

achieved. The exception in each case was the Study II (Li 2005 ). Five studies 

included ST36 (R) and four used NAP-Radius (R) and KD3 (R). The only 

nonsignificant effects were reported by Study I (Li 2005) for ST36 and Li 

Study II for the latter pair.

With respect to the sites included in the present Study 1 and 2, where 

common sites were used, the PPT effects were supported for both at all six 

externally shared sites; and at two of the three sites that the two studies alone 

shared (GB12 (R) and NAP-Foot (L)). At there third common site L110 (L) only 

Study 2 achieved a statistically significant PPT effect.

The findings summarised in table 6.1 show that in general, the effects of the 

reference intervention are consistent across studies and therefore, its 

inclusion in each study does provide a reliable basis for comparison of effects 

between studies where the same intervention techniques are being used.

In addition, by comparing the PPT effects obtained at the same measurement 

site across studies, discrepant findings can be identified. The obvious 

example in Table 6.1 is the Li Study II which in fact was the source of seven of 

the total of 11 nonsignficant effects on regional PPT reported for the total of 

60 sites across the six studies for the same MA to LI4 intervention. These 

results were not consistent with the findings for the same shared site by any of 

the remaining five studies. In addition, the actual mean % increases in PPT 

reported for sites in this study are generally much lower than for other 

interventions.
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Li explored her data in some detail in an attempt to identify the reason for 

these apparently discrepant effects and was able to reject possible biases 

from order of intervention; subject variables associated with mean pain score, 

needle sensation, anxiety, tension and changes in the acupuncturist 

behaviour.

In the absence of alternative explanation Li suggested it was possible that, in 

spite of careful randomisation of intervention and standardised procedures, 

there is always a chance that random selection of a sample, no matter how 

thorough, will on occasions generate a group that is relatively atypical of the 

population from which it was drawn (the volunteers may not always 

perfectively represent the population from which it is drawn). Li basically 

recommended that the study required replication, not just with respect to the 

LI4 intervention but to the other interventions as well, since they too may be 

atypical findings.

With the added findings from the present study 2 once again replicating the 

generalised, strong PPT effects of the LI4 MA intervention, and in light of 

further research concerning the pre intervention PPT values, a possible 

alternative explanation is suggested.

From personal communication with Li and perusal of her raw data, it appears 

that her sample may have had an over representation of low baseline 

thresholds. Li’s Study II has been the only study where all subjects were 

female (the rest have sought an even gender balance). Using only one gender 

had been a deliberate design, in order to minimise the spread of baseline 

thresholds and thereby help control a possible extraneous variable.

In the present research, careful check had been made that the baseline PPT 

values were at 2kg/cm2 due to recommendations from Fisher (1986) that 

suggested that baseline PPT should be higher than 2kg/cm2 to provide a 

stable bases for evaluating post intervention PPT changes.

In view of this report, Li’s data are currently being re evaluated to clarify 

whether this variable may have been important in the unusual outcomes 

reported.
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This discrepancy has been discussed here since it provides a clear 

demonstration of the value of including replication links among studies where 

a series of related projects are planned. This has been particularly pertinent 

with the present PPT designs because of the limited number of different 

interventions it is reasonable to expect a volunteer to agree to (ie with only 

four interventions each subject must attend for an hour on four separate 

occasions over about a month) and the time involved in collecting data from a 

sufficiently iarge sample (20 subjects requires a minimum 80 hours of 

researcher data collection time and each occasion involves all three 

researchers in order to maintain the blinding protocol). While including the 

reference intervention does restrict the number of comparison interventions 

that can be conveniently used, this is outweighed by the confidence its 

presence brings in legitimate extrapolation of findings to other related studies.

Results from Study 1 and 2 found that TENS, EA and MA were all effective in 

increasing PPT, it could be argued that TENS was less effective but is should 

be noted that the way the TENS intervention was set up was not typical of a 

clinical TENS treatment. Rather it was designed to mimic as closely as 

possible the placements used for the acupuncture interventions. That is the 

use of a single site bilaterally. Further, it facilitated comparisons with previous 

studies on PPT at UTS, which had restricted their intervention sites to a 

maximum of two.

With TENS for example it is more common to have pairs of electrodes on the 

same body region, and frequently, unilateral placements. This arrangement 

may enhance the effectiveness of the intervention. However, this was an initial 

study with the aim of comparing three treatment modalities; a further study 

would be required to examine various TENS parameters and placement 

variables. The limitations existed for EA interventions used (Walsh et al 1997).

It is recommended that a more detailed study be conducted to evaluate other 

stimulation parameters and electrode placement variables since TENS is a 

simple technique that can be easily taught to patients and so can be used 

away from a clinic. This places the management of a pain condition more in
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the hands of the individual and is also more cost effective (Walsh et al 1998, 

Chesterton et al 2002).

Overall, there were few statistically significant differences in effects on PPT 

between EA or MA to the same site. In Study 1 EA to LI4 was more effective 

than MA at LI4 at two sites (SP6, NAP-Sole). In Study 2, EA to LR3 was more 

effective than MA to LR3 at one site (LI20). Again, it could possibly be the 

case that the restricted intervention placements may not have produced 

optimal PPT effects.

An unexpected outcome was the significant and generalised increase in PPT 

at nine sites obtained following EA to LR3. EA of LR3 significantly elevated 

PPT more than both the TENS to LI4 and the MA to LI4 interventions at one 

site. By contrast, earlier work at UTS (Yuan 2002) found that MA to LR3 

produced a significant elevation of PPT at only three sites (9.6%-12%), with 

the other seven measurement sites PPT elevation ranging from only 4.2%- 

7.4%. When MA to LR3 elicited so little effect on PPT it was viewed as control 

(sham) intervention/site. Therefore the surprising, generalised effects on 

regional PPT elicited by EA to LR3 suggest that EA and MA to this point may 

not involve the same physiological response mechanism. This may have 

implications for clinical reviews and trials, as currently MA and EA techniques 

are often considered as one single modality, where possibly their 

physiological actions are different from one another.

The notion that EA and MA may not involve the same response mechanism 

has important implications for the interpretation of the study findings for both 

EA interventions and TENS. This is because the control condition (EA to LR3) 

was found to be an active intervention. Therefore the question that remains 

unaddressed did the effect on regional PPT of EA to LI4 and EA to LR3 

actually require these acupoint locations? That is, would EA have produced 

effects on PPT irrespective of the intervention site? In fact, to support the 

suggestion, physiotherapists commonly apply TENS for pain relief to body 

sites that are not acupoints. Previous research at UTS has found that 

intervention location is important to MA elevating PPT, as MA to a real 

acupoint elevated PPT significantly more than MA to a nonacupoint.
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The results following EA to NAP-Foot in Study 2 where statistically significant 

elevations of mean % PPT were achieved at nine of the ten measurement 

sites does indicate that EA can be effective when stimulation is applied to a 

nonacupoint. Having said that EA to NAP-Foot was significantly less effective 

than EA to LR3 at two measurement sites (LI20 and NAP-Sole).

However the close similarity in effectiveness observed for the MA and EA 

interventions to the same sites (LI4 or LR3) in the current study, may suggest 

that there is scope for flexibility in choosing the intervention style to be used 

clinically, in order to choose one that is more acceptable to the patient. For 

example some people dislike the sensations associated with electrical pulsing 

while others would prefer this to the discomfort associated with strong manual 

needle manipulation.

As with TENS it is recommended that a more detailed study be conducted into 

EA to evaluate other stimulation parameters and combinations of sites used. 

The stimulation parameters used for both TENS and EA was a combination of 

alternating high and low frequency stimulation. These parameters were 

chosen because from the literature this appeared the approach that would 

maximise the chance of getting an effect on PPT. Our studies have confirmed 

this and it is recommended that future studies compare the single frequency 

stimulations with the alternating frequency of stimulation (Walsh 1997).

There is some agreement in the literature that high frequency stimulation has 

a more localised effect while low frequency stimulation has more generalised 

(extra segmental) effects (Johnson et al 2001, Walsh et al 1997, Chesterton et 

al 2002). Based on this information a future study could assess the placement 

of high frequency stimulation close to PPT measurement sites while placing 

low frequency stimulation at sites distal to the majority of measurement sites. 

This approach is commonly used throughout clinical practice with high 

frequency electrical stimulation applied in close proximity to the site of pain 

while low frequency electrical stimulation applied distally (Walsh 1997).
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Only one other PPT study at UTS has used LR3 with manual stimulation. 

Yuan (2002) used the same MA needling techniques in a unilateral 

intervention whereas Study 2 involved bilateral needling of LR3. Yuan (2002) 

used ten regional measurement sites that included four used in Study 2 and 

the study groups were the same size and similar gender split (11 females, 9 

males in Yuan (2002) and 10 females, 10 males in Study 2). Table 6.2 

summaries the PPT findings by Yuan (2002) and the present Study 2 for the 

same regional sites following MA to LR3.

Site Yuan (unilateral intervention) 
Mean % increase in PPT (p)

Study 2 (bilateral intervention) 
Mean % increase in PPT (p)

LI5 (R) 7.7 (p= O'. 19) 4.4 (p= 0.27)
LI20 (R) 6.7 (p= 0.46) 8.1 (p< 0.0001)
ST36(R) 9.6 (p= 0.02) 10.9 (p< 0.0001)
NAP-Radius (L) 7.9 (p= 0.14) 10.6 (p< 0.05)

Tuble 6.2: Comparison uf moan % change in PPT and probability valus (p) following MA to 
LR3 recorded in Yuan (2002) and the current Study 2. Bold indicates a significant elevation of 
mean % PPT was evident.

Among the four shared measurement sites, only ST36 R achieved a 

statistically significant increase in PPT, compared with three for Study 2. For 

both studies, the mean increases at site LIS R were not statistically significant. 

However it should be noted that in Yuan’s study, the intervention at LR3 was 

unilateral, whereas Study 2 employed bilateral needling of LR3. Previous work 

on PPT at UTS has shown a modest enhancement of effect by bilateral 

needling interventions to LI4 compared with unilateral ones (Li 2005). While 

these techniques have not been compared for LR3 interventions, the same 

enhancement may also apply here.

In view of the limited number of shared sites by Yuan’s study, it is not possible 

to draw parallels concerning the relative effectiveness of MA to LR3 between 

the two studies. This is disappointing, since in general MA to LR3 was far less 

effective than MA to LI4 in Yuan’s study. One of the reasons for including EA 

to LR3 in the present Study 1 and 2 was to examine the possibility that EA 

and MA invoked different mechanisms of action in changing PPT. However, 

since MA to LR3 in Study 2 was only less effective than EA to LR3 at one site 

(LI20) there is no support for such an argument. Again, the bilateral 

interventions (which were imposed because of desired comparisons with EA
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interventions) prevented a straight comparison of unilateral interventions at 

LR3.

Therefore it is recommended that a repeat study including interventions of 

both MA to LR3 and EA to LR3 to determine whether the effects are different 

and if so answer the question of whether EA and MA are operating via the 

same mechanisms of action.

A striking feature of all interventions in both Study 1 and 2 was the 

generalised effects on PPT. This raises a number of questions. First, is it 

possible that in order to achieve a significant elevation in PPT the techniques 

used have involved such relatively intense stimulation of the intervention site 

that we have ‘flooded’ or overridden in some way any specificity of effect that 

a less aggressive approach may have revealed? That is are we actually 

stimulating a wide region - either directly mechanically or electrochemically or 

neurohumorally so that a number of acupoints or other relevant structures (eg 

nerve endings) are being recruited in the generating the response (Chen et al 

1996, Han eta! 2004).

Alternatively, is it possible that it is the case that the effects are generalised - 

and that the TCM channel and neural segment theories simply do not apply? 

Does this mean the mechanism of effect of our interventions results from (say) 

release of some sort of chemical messenger into the bloodstream that can 

travel around the body and affect thresholds by direct action or perhaps such 

a messenger agent is specific and targets (say) some region of the brain and 

modulates pain threshold from a central mechanism? (Chen et al 1996, Han 

et al 2004).

The effectiveness of interventions involving a NAP also raises questions about 

specificity of effect - are acupoints actually relevant to experimental PPT 

studies. In support of this nonacupoint relevance particularly concerning 

electrotherapies is the non medical practitioners such as physiotherapist more 

commonly than not place electrodes without any regard as to whether it is an 

acupoint.
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One of the striking features of both Study 1 and 2 was the generalised effects 

on PPT across most regional PPT measurement sites. Why then, did this not 

occur at all sites? The data were then further examined to determine whether 

the relative size of the PPT at individual sites may be important. That is, if the 

mean PPT values obtained at the individual sites were ranked, was there a 

relationship between the ranking order and whether or not a significant 

change in preintervention PPT was elicited? This question was examined for 

data from both Study 1 and 2. Table 6.3 shows the mean PPT by site, 

together with the relative rankings of the baseline thresholds measured in 

kg/cm2 for Study 1.

Site Overall
PPT rank

Luo 4.69 6
KD3 4.53 4
SP6 4.79 7
LI5 4.24 3
PC6 4.68 5
LI20 2.29 1
GB12 3.96 2
NAP-Ulna 6.68 10
NAP-Sole 6.43 9
NAP-Radius 5.06 8

Table 6.3: Comparison of pre intervention PPT for Study 1. PPT measures are represented 
as kg/cm2. The table also shows the rank order of threshold from lowest to highest. Bold 
indicates sites involved in one or more nonsignificant outcome elevations.

The sites at which nonsignificant changes in PPT were elicited are shown in 

Tabie 6.4, by intervention and their rankings of threshold, for Study i.

Intervention Measurement site and PPT rank
EA to LR3 L110
EA to LI4 NAP-Radius 

rank: 8
TENS to LI4 LI10 KD3 LI5 PC6

rank: 6 rank:4 rank:3 rank:5
MA to LI4 LI10 NAP-Sole

rank:6 rank:9

Table 6.4: Study 1 regional measurement sites where mean PPT was not significantly 
elevated shown by relevant intervention and relative threshold ranking.
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Similar data summaries are presented for Study 2 in Table 6.5 and 6.6.

Site Overall
PPT rank

L110 4.68 3
ST36 7.39 9
KD3 5.95 7
LR5 5.99 8
LI5 4.76 4
PC6 5.41 6
LI20 2.62 1
GB12 4.08 2
NAP-Radius 5.39 5
NAP-Sole 7.56 10

Table 6.5: Comparison of pre intervention PPT for Study 2. PPT measures are represented 
as kg/cm2 The table also shows the rank order of threshold from lowest to highest. Bold 

indicates sites involved in a nonsignificant outcome elevation.

InterventionMeasurement site and PPT rank
EA to NAP-Foot ST36

^1/. Q.i gi ir\. c?

MA to LR3 LI5
rank: 4

Table 6.6: Study 2 regional measurement sites where mean PPT was not significantly 
elevated shown by relevant intervention and relative threshold ranking.

The small number of sites involved in this examination limited the likelihood of 

demonstrating a relationship or pattern that might link actual PPT value for 

individual sites to intervention responses involving nonsignificant elevations in 

PPT. Indeed, consistent results were observed for only one measurement 

site, NAP-Sole in terms of rank (9 and 10 for Study 1 and 2 respectively) and 

nonsignificant change in PPT. However other sites involved in nonsignificant 

changes had rankings from 3 up to 8.

Conversely and perhaps noteworthy, therefore, was that the two intervention 

sites that were similarly ranked lowest (LI20) and second lowest (GB12) for 

both studies, were always linked with statistically significant intervention 

effects.

While these were issues concerning nongeneralisation of effect, they were the 

exceptions rather than the typical finding at regional measurement sites and 

these generate additional questions.
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All PPT studies completed at UTS have been experimental in nature, 

recruiting apparently healthy volunteers and measuring pain thresholds at 

PPTs at a range of regional body sites. It is always essential to emphasise 

that experimental studies of this nature are far removed from clinical and often 

chronic pain. Therefore, it may not be reasonable to attempt to examine 

acupuncture - particularly when it is in general seen as a holistic treatment 

regimen - within this sort of paradigm. However, this argument is not 

supported by the very studies that were influential in attracting the interest of 

Western researchers. Among these were dramatic effects of needling LI4 

upon pain threshold in healthy subjects, where the measurement involved 

electrical stimulation applied to teeth (Widerstrom-Noga et al 1998).
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Appendix I: Statistical analysis tables for the reliability of 

algometry study.

Aim one: To compare mean preintervention PPT for males and females 
at each site

Study 1.

One-way AN OVA: PPT versus Males/Females al! sites combined.

Source DF SS MS F P
Male I/Fe2 1 6599561 6599561 140.56 0.000
Error 4699 220626400 46952
Total 4700 227225961

SITE 1
One-way ANOVA: PPT versus Males/Females.

Source DF SS MS F P
Male I/Fe2 1 1959165 1959165 41.38 0.000
Error 474 22441263 47344
Total 475 24400428

SITE 2
One-way ANOVA: PPT versus Males/Females.

Source DF SS MS F P
Male I/Fe2 1 573171 573171 8.86 0.003
Error 424 27419781 64669
Total 425 27992952

SITES
One-way ANOVA: PPT versus Males/Females.

Source DF SS MS F P
Male I/Fe2 1 1138606 1138606 20.61 0.000
Error 473 26132186 55248
Total 474 27270792

SITE 4
One-way ANOVA: PPT versus Males/Females.

Source DF SS MS F P
Male I/Fe2 1 1039279 1039279 33.93 0.000
Error 472 14458843 30633
Total 473 15498123

SITES
One-way ANOVA: PPT versus Males/Females.

Source DF SS MS F P
Male I/Fe2 1 2265400 2265400 67.09 0.000
Error 474 16006262 33768
Total 475 18271662
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SITE 6
One-way ANOVA: PPT versus Males/Females

Source DF SS MS F P
Male I/Fe2 1 239960 239960 9.40 0.002
Error 472 12050625 25531
Total 473 12290585

SITE 7
One-way ANOVA: PPT versus Males/Females.

Source DF SS MS F P
Male I/'Fe2 1 293456 293456 9.92 0.002
Error 474 14027208 29593
Total 475 14320664

SITE 8
One-way ANOVA: PPT versus Males/Females.

Source DF SS MS F P
Male I/Fe2 1 333989 333989 13.56 0.000
Error 473 11654434 24639
Total 474 11988424

SITE 9
One-way ANOVA: PPT versus Males/Females.

Source DF SS MS F P
Male I/Fe2 1 103903 103903 19.66 0.000
Error 472 2494726 5285
Total 473 2598629

SITE 10
One-way ANOVA: PPT versus Males/Females.

Source DF SS MS F P
Male I/Fe2 1 369417 369417 18.39 0.000
Error 473 9499133 20083
Total 474 9868550

Study 2.

SITE 1
One-way ANOVA: PPT versus Males/Females.

Source DF SS MS F P
Fel/ma2 1 6033164 6033164 152.89 0.000
Error 398 15704938 39460
Total 399 21738102

SITE 2
One-way ANOVA: PPT versus Males/Females.

Source DF SS MS F P
Fel/ina2 1 4708900 4708900 106.54 0.000
Error 398 17591659 44200
Total 399 22300559
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Site 3
One-way ANOVA: PPT versus Males/Females.

Source DF SS MS F P
Fel/ma2 1 11212758 11212758 187.18 0.000
Error 393 23542179 59904
Total 394 34754937

Site 4
One-way ANOVA: PPT versus Males/Females.

Source DF SS MS F P
Fel/ma2 1 5555218 5555218 88.58 0.000
Error 358 22452914 62718
Total 359 28008132

Site 5
One-way ANOVA: PPT versus Males/Females.

Source DF SS MS F P
Fel/ma2 1 5367331 5367331 124.50 0.000
Error 398 17158880 43113
Total 399 22526211

Site 6
One-way ANOVA: PPT versus Males/Females.

Source DF SS MS F P
Fel/ma2 1 5846724 5846724 117.53 0.000
Error 398 19798745 49746
Total 399 25645469

Site 7
One-way ANOVA: PPT versus Males/Females.

Source DF SS MS F P
Fel/ma2 1 2617924 2617924 76.05 0.000
Error 398 13701487 34426
Total 399 16319411

Site 8
One-way ANOVA: PPT versus Males/Females.

Source DF SS MS F P
Fel/ma2 1 2683044 2683044 71.04 0.000
Error 398 15031516 37768
Total 399 17714560

Site 9
One-way ANOVA: PPT versus Males/Females.

Source DF SS MS F P
Fel/ma2 1 1048400 1048400 118.88 0.000
Error 397 3501039 8819
Total 398 4549439
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Site 10
One-way ANOVA: PPT versus Males/Females

Source DF SS MS F P
Fel/ma2 1 1815287 1815287 72.71 0.000
Error 397 9911135 24965
Total 398 11726422

Aim Two: To compare mean preintervention PPT across intervention 
visits

Study 1:

Site 1 -LI10 females
One-way ANOVA: PPT versus visit

Source DF SS MS F P
visit 3 249579 83193 3.77 0,.011
Error 231 5097700 22068
Total 234 5347279

Site 1- LI10 males
One-way ANOVA: PPT versus visit

Source DF SS MS F P
visit 3 393388 131129 1.86 0.137
Error 237 16700596 70467
Total 240 17093983

Site 2 - NAP-Ulna females 
One-way ANOVA: PPT versus visit

Source DF SS MS F P
visit 3 740998 246999 7.43 0.000
Error 217 7215907 33253
Total 220 7956905

Site 2 --NAP-Ulna males
One-way ANOVA: PPT versus visit

Source DF SS MS F P
visit 3 324798 108266 1.14 0.335
Error 201 19138078 95214
Total 204 19462876

Site 3 - NAP-Sole females 
One-way ANOVA: PPT versus visit

Source DF SS MS F P
visit 3 335943 111981 2.98 0.032
Error 235 8844782 37637
Total 238 9180725

Site 3 NAP-Sole females 
One-way ANOVA: PPT versus visit

Source DF SS MS F P
visit 3 295877 98626 1.38 0.251
Error 232 16636730 71710
Total 235 16932606
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Site 4 - KD3 females
One-way ANOVA: PPT versus visit

Source DF SS MS F P
visit 3 73595 24532 1.11 0.344
Error 235 5172899 22012
Total 238 5246493

Site 4 - KD3 males
One-way ANOVA: PPT versus visit

Source DF SS MS F P
visit 3 190644 63548 1.61 0.189
Error 231 9137104 39555
Total 234 9327749

Site 5 - SP6 females
One-way ANOVA: PPT versus visit

Source DF SS MS F P
visit 3 252151 84050 4.18 0.007
Error 235 4726842 20114
Total 238 4978994

Site 5 - SP6 males
One-way ANOVA: PPT versus visit

Source DF SS MS F P
visit 3 381059 127020 2.77 0.042
Error 233 10671814 45802
Total 236 11052873

Site 6 - LI5 females
One-way ANOVA: PPT versus visit

Source DF SS MS F P
visit 3 250371 83457 4.78 0.003
Error 235 4103766 17463
Total 238 4354137

Site 6 - SP6 males
One-way ANOVA: PPT versus visit

Source DF SS MS F P
visit 3 218329 72776 2.25 0.084
Error 231 7478569 32375
Total 234 7696899

Site 7 - NAP-Radius females 
One-way ANOVA: PPT versus visit

Source DF SS MS F P
visit 3 256889 85630 3.29 0.021
Error 235 6119470 26040
Total 238 6376358
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Source DF SS MS F P
visit 3 402061 134020 4.28 0.006
Error 233 7300633 31333
Total 236 7702695

Site 7 - NAP-Radius males
One-way ANOVA: PPT versus visit

Site 8 - PC6 females
One-way ANOVA: PPT versus visit

Source DF SS MS F P
visit 3 308758 102919 7.84 0.000
Error 235 3084232 13124
Total 238 3392990

Site 8 --PC6 males
One-way ANOVA: PPT versus visit

Source DF SS MS F p
visit 3 377149 125716 3.70 0.013
Error 232 7887788 33999
Total 235 8264937

Site 9 - LI20 females
One-way ANOVA: PPT versus visit

Source DF SS MS F P
visit 3 60273 20091 7.06 0.000
Error 235 668775 2846
Total 238 729048

Site 9 -- LI20 males
One-way ANOVA: PPT versus visit

Source DF SS MS F P
visit 3 100322 33441 4.62 0.004
Error 231 1671054 7234
Total 234 1771376

Site 10 - GB12 females
One-way ANOVA: PPT versus visit

Source DF SS MS F P
visit 3 195609 65203 5.56 0.001
Error 235 2757436 11734
Total 238 2953045

Site 10 - GB12 males
One-way ANOVA: PPT versus visit

Source DF SS MS F P
visit 3 283678 94559 3.50 0.016
Error 232 6276545 27054
Total 235 6560223
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Aim two: To compare mean preintervention PPT across intervention 
visits

Study 2

Site 1 — LI10 males
One-way ANOVA: PPT versus Visit

Source DF SS MS F P
Visit 3 944438 314813 4.70 0.003
Error 196 13123511 66957
Total 199 14067949

Site 1 - L110 females
One-way ANOVA: PPT versus Visit

Source DF SS MS F P
Visit 3 67612 22537 2.81 0.. 040
Error 196 1569377 8007
Total 199 1636990

Site 2 - NAP-Radius males 
One-way ANOVA: PPT versus Visit

Source DF SS MS F P
Visit 3 549989 183330 2.39 0.070
Error 196 15030511 76686
Total 199 15580500

Site 2 - NAP-Radius females
One-way ANOVA: PPT versus Visit

Source DF SS MS F P
Visit 3 35079 11693 1.16 0 .326
Error 196 1976081 10082
Total 199 2011160

Site 3 - ST36 males
One-way ANOVA: PPT versus Visit

Source DF SS MS F P
Visit 3 227436 75812 0.77 0.513
Error 191 18829579 98584
Total 194 19057015

Site 3 - ST36 females
One-way ANOVA: PPT versus Visit

Source DF SS MS F P
Visit 3 114049 38016 1.70 0 . 167
Error 196 4371116 22302
Total 199 4485165

Site 4 - NAP-Sole males 
One-way ANOVA: PPT versus Visit

Source DF SS MS F P
Visit 3 699385 233128 2.28 0.081
Error 176 17968354 102093
Total 179 18667739
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Site 4 - NAP-Sole females
One-way ANOVA: PPT versus Visit

Source DF SS MS F P
Visit 3 360283 120094 6.17 0.001
Error 176 3424892 19460
Total 179 3785175

Site 5- KD3 males
One-way ANOVA: PPT versus Visit

Source DF SS MS F p
Visit 3 616006 205335 2.88 0.037
Error 196 13950060 71174
Total 199 14566066

Site 5 - KD3 females
One-way ANOVA: PPT versus Visit

Source DF SS MS F P
Visit 3 258730 86243 '7.24 0 .000
Error 196 2334085 11909
Total 199 2592815

Site 6 - LR5 males
One-way ANOVA: PPT versus Visit

Source DF SS MS F P
Visit 3 629581 209860 2.61 0.053
Error 196 15784328 80532
Total 199 16413909

Site 6 - LR5 females
One-way ANOVA: PPT versus Visit

Source DF SS MS F P
Visit 3 165215 55072 3.35 0.020
Error 196 3219621 16427
Total 199 3384836

Site 7 - LI5 males
One-way ANOVA: PPT versus Visit

Source DF SS MS F P
Visit 3 311926 103975 1.78 0.152
Error 196 11442373 58379
Total 199 11754300

Site 7 - LI5 females
One-way ANOVA: PPT versus Visit

Source DF SS MS F P
Visit 3 219795 73265 8.31 0.000
Error 196 1727393 8813
Total 199 1947188
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Site 8 PC6 males
One-way ANOVA: PPT versus Visit

Source DF SS MS F P
Visit 3 382097 127366 2.06 0.106
Error 196 12100250 61736
Total 199 12482347

Site 8 PC6 females
One-way ANOVA: PPT versus Visit

Source DF SS MS F P
Visit 3 200045 66682 5.56 0.001
Error 196 2349124 11985
Total 199 2549169

Site 9 -- LI20 males
One-way ANOVA: PPT versus Visit

Source DF SS . MS F p
Visit 3 156056 52019 3.49 0.017
Error 195 2904393 14894
Total 198 3060449

Site 9 --LI20 females
One-way ANOVA: PPT versus Visit

Source DF SS MS F P
Visit 3 108455 36152 21.33 0.000
Error 196 332135 1695
Total 199 440590

Site 10 - GB12 females 
One-way ANOVA: PPT versus Visit

Source DF SS MS F P
Visit 3 183269 61090 14.43 0.000
Error 196 829990 4235
Total 199 1013259

Site 10 - GB12 males
One-way ANOVA: PPT versus Visit

Source DF SS MS F P
Visit 3 528108 176036 4.12 0.007
Error 196 8378681 42748
Total 199 8906789

Aim three: To evaluate the stability of regional PPT values (Kg/cm2) by 

site over a sequence of five measures over ten minutes.

Study 1

Site 1 - L110 females
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 74651 18663 0.81 0.517
Error 230 5272628 22924
Total 234 5347279
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Site 1 - LI10 males
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 53187 13297 0.18 0.946
Error 236 17040796 72207
Total 240 17093983

Site 2 -NAP-Ulna females 
One-way ANOVA: PPT versus order

Source DF SS MS F
order 4 80138 20035 0.55
Error 212 7714608 36390
Total 216 7794746

Site 2 --NAP-Ulna males
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 44619 11155 0.11 0.977
Error 200 19418257 97091
Total 204 19462876

Site 3 - NAP-Sole females 
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 26191 6548 0.17 0.955
Error 234 9154534 39122
Total 238 9180725

Site 3 NAP-Sole males
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 62821 15705 0.22 0.930
Error 231 16869786 73029
Total 235 16932606

Site 4 --KD3 females
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 28793 7198 0.32 0 .863
Error 234 5217701 22298
Total 238 5246493

Site 4 --KD3 males
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 30189 7547 0.19 0 . 945
Error 230 9297559 40424
Total 234 9327749
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Site 5 -SP6 females

One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 37270 9317 0.44 0.779
Error 234 4941724 21118
Total 238 4978994

Site 5 - SP6 males
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 48772 12193 0.26 0.905
Error 232 11004101 47431
Total 236 11052873

Site 6 - LI5 females ,

One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 19823 4956 0.27 0.899
Error 234 4334314 18523
Total 238 4354137

Site 6 - LI5 males
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 51419 12855 0.39 0.818
Error 230 7645480 33241
Total 234 7696899

Site 7 - NAP-Radius females 
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 67832 16958 0.63 0.642
Error 234 6308526 26960
Total 238 6376358

Site 7 - NAP-Radius males 
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 26644 6661 0.20 0.937
Error 232 7676051 33086
Total 236 7702695

Site 8 -PC6 females
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 39273 9818 0.69 0.603
Error 234 3353717 14332
Total 238 3392990
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Site 8 - PC6 males
One-way ANOVA: PPT versus order

Source DF SS MS
order 4 48232 12058
Error 231 8216704 35570
Total 235 8264937

Site 9 - LI20 females
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 10483 2621 0.85 0.493
Error 234 718565 3071
Total 238 729048

Site 9 - LI20 males
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 7732 1933 0.25 0.908
Error 230 1763644 7668
Total 234 1771376

Site 10 - GB12 females 
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 80958 20240 1.65 0.163
Error 234 2872086 12274
Total 238 2953045

Site 10 GB12 males
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 8996 2249 0.08 0.989
Error 231 6551227 28360
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Aim three: To evaluate the stability of regional PPT values (Kg/cm2) by 

site over a sequence of five measures over ten minutes.

Study 2

Site 1 - LI10 males
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 6491 1623 0.02 0.999
Error 195 14061458 72110
Total 199 14067949

Site 1 - LI10 females
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 2421 605 0.07 0.990
Error 195 1634569 8382
Total 199 1636990

Site 2 - NAP-Radius males 
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 18816 4704 0.06 0.994
Error 195 15561684 79804
Total 199 15580500

Site 2 - NAP-Radius females 
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 15575 3894 0.38 0 .822
Error 195 1995585 10234
Total 199 2011159

Site 3- ST36 males
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 32679 8170 0.08 0.988
Error 190 19024336 100128
Total 194 19057015

Site 3- ST36 females
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 34644 8661 0.38 0. 823
Error 195 4450521 22823
Total 199 4485165
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Site 4 - NAP-Sole males
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 51771 12943 0.12 0.975
Error 175 18615968 106377
Total 179 18667739

Site 4 - Nap-Sole females 
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 71326 17832 0.84 0.501
Error 175 3713849 21222
Total 179 3785175

Site 5 -- KD3 males
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 18705 4676 0.06 0.993
Error 195 14547360 74602
Total 199 14566066

Site 5 --KD3 females
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 34924 8731 0.67 0.617
Error 195 2557891 13117
Total 199 2592815

Site 6 - LR5 males
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 36671 9168 0.11 0.979
Error 195 16377239 83986
Total 199 16413910

Site 6 — LR5 females
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 53194 13299 0.78 0.540
Error 195 3331641 17085
Total 199 3384836

Site 7 - LI5 males
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 3851 963 0.02 0.999
Error 195 11750449 60259
Total 199 11754300
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Site 7 - LI5 females
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 21569 5392 0.55 0.702
Error 195 1925619 9875
Total 199 1947188

Site 8-- PC6 males
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 11215 2804 0.04 0.996
Error 195 12471132 63955
Total 199 12482347

Site 8 -- PC6 females
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 19643 4911 0.38 0.824
Error 195 2529526 12972
Total 199 2549169

Site 9 -- LI20 males
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 12854 3214 0.20 0.936
Error 194 3047595 15709
Total 198 3060449

Site 9 --LI20 females
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 17529 4382 2. 02 0.093
Error 195 423061 2170
Total 199 440590

Site 10 - GB12 females 
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 11968 2992 0.58 0.676
Error 195 1001291 5135
Total 199 1013260

Site 10 - GB12 males
One-way ANOVA: PPT versus order

Source DF SS MS F P
order 4 39020 9755 0.21 0.930
Error 195 8867769 45476
Total 199 8906789
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APPENDIX II Study one: Statistical analysis tables

The tables and figures from the initial (prior to log transformation) GLM 

analysis of Study 1 that are related to the tables and figures found in Chapter 

5.1 Results for Study 1.

Aim one: Comparison of the effects on PPT of the four interventions (ie 

en block, independent of measurement site)

Intervention Mean % 
change in 
PPT post 

intervention

F p Confidence

Intervals (Cl)

TENS LI4 6.8 F 1, 2132 = 1 18.2 < 0.000 2.2; 8.8

EA LI4 11.6 F 1,2131 = 258.8 < 0.000 4.3; 15.1

EA to LR3 10.4 F 1, 2130 = 185.1 < 0.000 3.9; 12.9

MA to LI4 8.6 F 1, 2139 = 122.5 < 0.000 3.1; 10.5

Table 4.1.1a: Mean percentage change in PPT from preintervention mean, independent of 
measurement site, following the four interventions. The F statistic from Tukey simultaneous 
test is included, as is the probability values (p) and the Confidence intervals (Cl).

14 
12 
10 

D) 8 
* 6 

4 
2 
0

TENS 
to LI4

EAto EAto
LI4 LR3

Intervention

MAto
LI4

a TENS to LI4 

■IEAto LI4

□ EAto LR3

□ MAto LI4

Figure 4.1.1a: Mean % increase in PPT following the four interventions of TENS to LI4, EA to 
LI4, EA to LR3 and MA to LI4 independent of measurement site. The first bar for each 
intervention relates to analysis from Study 1, the subsequent bar represents the log 
transformation analysis.
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Statistically significant comparisons Mean difference p value

EA to LI4 TENS to LI4 4.8 p<0.0000

EA to LI4 MA to LI4 3.0 p<0.0002

EA to LR3 TENS to LI4 3.6 p<0.0000

Table 4.1.2a: Statistically significant differences for between intervention comparisons of 
mean percentage change in post intervention PPT, independent of measurement site, 
following the four interventions.

Site
TENS to LI4 EA to LI4 EA to LR3 MA to LI4

mean 95%CI mean 95%CI mean 95%CI mean 95%CI

(1) Acupoint

L110 L 5.7 -1.1,12.6 9.6** 2.7, 16.5 7.7* 0.7, 14.5 5.8 -2.4, 11.4

KD3R 3.7 -3.8, 11.4 16.1*** 8.5, 23.7 13.1*** 5.1, 20.2 10.5** 2.9, 18.1

SP6 R 9.1** 3.1, 15.2 16.5*** 10.3, 22.5 8.9** 3.4, 15.5 8.4** 2.4, 14.4

LI5R 6.2 -0.6, 13.1 12.4*** 5.4, 19.4 -| 4*** 4.4, 18.3 7.5* 0.6, 14.4

PC6R 4.8 -1.9, 11.6 13.3*** 6.5, 20.1 11.8*** 5.0, 18.6 8.8*** 4.4, 17.9

LI20 R 6.1* 1.2, 11.0 6.8* 1.8, 11.7 8.2*** 3.5, 13.3 10.3*** 5.3, 15.2

GB12
R

6.9* 1.4, 12.3 9.7*** 4.3, 15.2 9.0*** 3.6, 14.5 8.8** 3.0, 13.8

(2) Nonacupoint

NAP-
Ulna

7.4 -0.8, 16.3 9.7* 1.2, 18:4 11.9** 3.7, 20.9 9.1* 0.4, 17.2

NAP-
Sole 6.2* 0.6, 11.7 13.3*** 7.7, 18.9 10.9*** 5.6, 16.7 5.5* 0.4, 11.2
NAP-
Radius 12.4*** 5.5, 19.3 8.1* 1.1, 14.9 ^ <| *** 4.1, 17.9 7.4* 0.5, 14.3

Table 4.1.4a: Mean percentage change in PPT from preintervention mean for the ten regional 
measurement sites, following interventions of TENS to LI4, EA to LI4, EA to LR3 and MA to LI4. 
Statistically significant increases and their 95% confidence intervals (Cl) are displayed. The 
adjusted p values are indicated as: *** p <0.0001, ** p <0.001, * p <0.05.
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Comparison
PPT measurement site

KD3 SP6 PC6 2Fo (NAP)

EA to LI4
compared
with

TENS to
LI4

p< 0.0001 p<0.01 p< 0.001 p< 0.001

MA to LI4
p< 0.001 p> 0.0001

EA to LR3
p< 0.001

EA to LR3 TENS to
LI4

p= 0.001 p= 0.01

MA to LI4 p= 0.041

Table 4.1.5a: Significant differences between the effects of the four interventions on post 
intervention mean percentage PPT, by regional measurement site (p = adjusted probability 
value calculated from Tukey simultaneous test).

Comparison of the effects on PPT of the four interventions upon mean % 

PPT measured at the ten regional sites.

Study 1: Initial analysis of % change in PPT 

Site 1- LI10
General Linear Model: % PPT change versus treatment, pre/post

p
0.681 
0.000 
0.402

Source DF Seq SS Adj SS Adj MS F
treatment 3 627.2 414.6 138.2 0.50
pre/post 1 10043.3 10061.0 10061.0 36.54
treatment*pre/post 3 808.1 808.1 269.4 0.98
Error 856 235693.6 235693.6 275.3
Total 863 247172.2

Site 2 - NAP-Ulna
General Linear Model: % PPT change versus treatment, pre/post

Source DF 
treatment 3 
pre/post 1 
treatment*pre/post 3 
Error 759 
Total 766

Seq SS Adj SS
2371.7 2350.6

17567.3 17608.1
525.5 525.5

284140.3 284140.3
304604.9

Adj MS F P
783.5 2.09 0.100

17608.1 47.03 0.000
175.2 0.47 0.705
374.4
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Site 3 - NAP-Foot
General Linear Model: % PPT change versus treatment, pre/post

Source DF 
treatment 3 
pre/post ' 1 
treatment*pre/post 3 
Error 854 
Total 861

Seq SS 
3089.1 

17451.7 
2250.7 

153167.6 
175959.1

Adj SS 
2283.0 

17446.4 
2250.7 

153167.6

Adj MS F P
761.0 4.24 0.005

17446.4 97.27 0.000
750.2 4.18 0.006
179.4

Site 4 - KD3
General Linear Model: % PPT change versus treatment, pre/post

Source DF 
treatment 3 
pre/post 1 
treatment*pre/post 3 
Error 856 
Total 863

Seq SS 
6074.6 

24576.0 
4357.5 

282295.9 
317304.0

Adj SS 
4582.2 

24618.0 
4357.5 

282295.9

Adj MS F P
1527.4 4.63 0.003

24618.0 74.65 0.000
1452.5 4.40 0.004
329.8

Site 5 - SP6
General Linear Model: % PPT change versus treatment, pre/post

Source DF 
treatment 3 
pre/post 1 
treatment*pre/post 3 
Error 856 
Total 863

Seq SS 
3451.2 

25082.9 
2230.6 

180220.7 
210985.4

Adj SS 
2427.4 

25141.1 
2230.6 

180220.7

Adj MS F P .
809.1 3.84 0.009

25141.1 119.41 0.000
743.5 3.53 0.015
210.5

Site 6 - LI5

General Linear Model: % PPT change versus treatment, pre/post
Source DF 
treatment 3 
pre/post 1 
treatment*pre/post 3 
Error 856 
Total 863

Seq SS
1936.6 

18751.4
1419.6 

236905.2 
259012.9

Adj SS 
1419.8 

18773.9 
1419.6 

236905.2

Adj MS F P
473.3 1.71 0,163

18773.9 67.83 0.000
473.2 1.71 0.163
276.8

Site 7 - NAP-Radius
General Linear Model: % change versus treatment, pre/post

Source DF 
treatment 3 
pre/post 1 
treatment*pre/post 3 
Error 856 
Total 863

Seq SS Adj SS
1122.7 911.2

20187.7 20176.6
911.8 911.8

234646.1 234646.1
256868.3

Adj MS F P
303.7 1.11 0.345

20176.6 73.61 0.000
303.9 1.11 0.345
274.1

Site 8 - PC6
General Linear Model: % PPT change versus treatment, pre/post

Source DF 
treatment 3 
pre/post 1 
treatment*pre/post 3 
Error 856 
Total 863

Seq SS Adj SS
3436.1 2683.7

22377.1 22395.8
2235.5 2235.5

227996.7 227996.7
256045.5

Adj MS F P
894.6 3.36 0.018

22395.8 84.08 0.000
745.2 2.80 0.039
266.4
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Site 9 - LI20
General Linear Model: % PPT change versus treatment, pre/post

Source DF 
treatment 3 
pre/post 1 
treatment*pre/post 3 
Error 856 
Total 863

Seq SS Adj SS
667.4 569.9

13306.7 13294.0
545.0 545.0

118838.2 118838.2
133357.4

Adj MS F P
190.0 1.37 0.251

13294.0 95.76 0.000
181.7 1.31 0.270
138.8

Site 10-GB12
General Linear Model: % PPT 1change versus treatment, pre/post

Source DF 
treatment 3 
pre/post 1 
treatment*pre/post 3 
Error 856 
Total 863

Seq SS Adj SS
332.5 240.9

15434.7 15441.7
226.0 226.0

145488.3 145488.3
161481.6

P
0.702 
0.000 
0.722

170.0

Adj MS F
80.3 0.47

15441.7 90.85
75.3 0.44

Study 1 Comparisons of subjects perception of acupuncture 
experience among interventions (Table 5.1.6)

One-way ANOVA: pain levels reported versus intervention

Source DF SS MS F P
intervention 3 1920 640 1.22 0.309
Error 92 48422 526
Total 95 50342

One-way ANOVA: sensation intensity versus intervention

Source DF SS MS F P
intervention 3 1386 4 62 0.84 0.474
Error 92 50485 549
Total 95 51871

One-way ANOVA: not anxious/ yes versus intervention

Source DF SS MS F P
intervention 3 260 87 0.26 0.856
Error 92 31006 337
Total 95 31266

One-way ANOVA: change in acupuncturist behaviour versus intervention

Source DF SS MS F P
intervention 3 1.583 0.528 2.12 0.103
Error 92 22.917 0.249
Total 95 24.500
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Comparison of the effects upon PPT of the four interventions (ie en 

block, independent of measurement site) (Table 5.1)

Study 1 % PPT log transformation change

Examination of the effect of TENS to LI4 upon PPT measured at all sites. 
One-way ANOVA: % PPT change versus pre/post

Source DF SS MS
pre/post 1 0.33709 0.33709
Error 2132 7.0673 0.00357
Total 2133 7.43829

Examination of the effect of EA to LI4 upon PPT measured at all sites. 
One-way ANOVA: % PPT change versus pre/post

Source DF SS MS F P
pre/post 1 0.80776 0.96394 225.40 0.000
Error 2131 9.11331 0.00428
Total 2132 10.0775

Examination of the effect of EA to LR3 upon PPT measured at all sites. 
One-way ANOVA: % PPT change versus pre/post

Source DF SS MS F P
pre/post 1 0.79474 0.79474 186.36 0.000
Error 2130 9.08340 0.00426
Total 2131 9.87481

Examination of the effect of MA to LI4 upon PPT measured at all sites. 
One-way ANOVA: % PPT change versus pre/post

Source DF SS MS F P
pre/post 1 0.50123 0.50123 149.67 0.000
Error 2139 9.76098 0.00456
Total 2140 10.2622

Study 1 log transformation: The examination of the relative effects on 
PPT of the four interventions by site. There are ten pre/post 
comparisons, each containing a single regional site and each involving 
all four interventions (Table 5.1.3)

Site 1 -L110
General Linear Model: % PPT change versus treatment, pre/post

Source DF Seq SS Adj SS Adj MS F P
treatment 3 0.008219 0.005484 0.001828 0.39 0.758
pre/post 1 0.121215 0.121450 0.121450 26.15 0.000
treatment*pre/post 3 0.012805 0.012805 0.004268 0.92 0.431
Error 856 3.975005 3.975005 0.004644
Total 863 4.117244
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Site 2 - NAP-UIna
General Linear Model: % PPT change versus treatment, pre/post

Source
treatment
pre/post
treatment*pre/post
Error
Total

DF Seq SS 
3 0.017162
1 0.243115
3 0.007061

759 3.629688
766 3.897026

Adj SS
0..017442 0
0,.244083 0
0..007061 0
3.. 629688 0

Adj MS F 
005814 1.22
244083 51.04
002354 0.49
004782

Site 3 - NAP-Sole
Genera! Linear Model: % PPT change versus treatment, pre/post

Source DF Seq SS Adj SS 
treatment 3 0.046788 0.034652 
pre/post 1 0.252926 0.252851 
treatment*pre/post 3 0.034011 0.034011 
Error 854 2.522782 2.522782 
Total 861 2.856506

Adj MS F 
0.011551 3.91
0.252851 85.59
0.011337 3.84
0.002954

Site 4 - KD3
General Linear Model: % PPT change versus treatment, pre/post

Source
treatment
pre/post
treatment*pre/post
Error
Total

DF Seq SS 
3 0.097407
1 0.333814
3 0.058890

856 4.640064
863 5.130175

Adj SS 
0.075348 
0.334370 
0.058890 
4.640064

Adj MS 
0.025116 
0.334370 
0.019630 
0.005421

F
4.63 0

61.68 0 
3.62 0

Site 5 - SP6
General Linear Model: % PPT change versus treatment, pre/post

Source DF Seq SS Adj SS Adj MS F
treatment 3 0.057509 0.040699 0.013566 4.15
pre/post 1 0.350509 0.351387 0.351387 107.48
treatment*pre/post 3 0.037906 0.037906 0.012635 3.86
Error 856 2.798423 2.798423 0.003269
Total 863 3.244347

Site 6 - LI5
General Linear Model: % PPT change versus treatment, pre/post

Source DF 
treatment 3 
pre/post 1 
treatment*pre/post 3 
Error 856 
Total 863

Seq SS 
0.025302 
0.255379 
0.017581 
3.767096 
4.065357

Adj SS 
0.018726 
0.255690 
0.017581 
3.767096

Adj MS 
0.006242 
0.255690 
0.005860 
0.004401

F
1.42 0

58.10 0
1.33 0

Site 7 - NAP-Radius
General Linear Model: % PPT change versus treatment, pre/post

Source DF Seq SS Adj SS Adj MS F
treatment 3 0.014124 0.011602 0.003867 0.88 0
pre/post 1 0.264518 0.264281 0.264281 60.08 0
treatment*pre/post 3 0.011866 0.011866 0.003955 0.90 0
Error 856 3.765194 3.765194 0.004399
Total 863 4.055701

p
.303 
.000 
. 688

P
.009 
.000 
. 010

P
.003
.000
.013

P
0.006
0.000
0.009

P
.236
.000
263

P
451
000
441
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Site 8- PC6
General Linear Model: % PPT change versus treatment, pre/post

Source
treatment
pre/post
treatment*pre/post
Error
Total

DF Seq SS Adj SS 
3 0.065440 0.055153
1 0.318928 0.319154
3 0.033216 0.033216

856 4.439818 4.439818
863 4.857403

Adj MS F
0.018384 3.54
0.319154 61.53
0.011072 2.13
0.005187

P
0.014
0.000
0.094

Site 9 - Li20
General Linear Model: % PPT change versus treatment, pre/post

Source
treatment
pre/post
treatment*pre/post
Error
Total

DF Seq SS 
3 0.010220
1 0.201289
3 0.008791

856 1.968044
863 2.188345

Adj SS 
0.008694 
0.201099 
0.008791 
1.968044

Adj MS 
0.002898 
0.201099 
0.002930 
0.002299

F
1.26

87.47
1.27

P
0.287
0.000
0.282

Site 10-GB12
General Linear Model: % PPT change versus treatment, pre/post

Source DF 
treatment 3 
pre/post 1 
treatment*pre/post 3 
Error 856 
Total 863

Seq SS Adj SS Adj MS 
0.004553 0.003306 0.001102
0.241310 0.241407 0.241407
0.003351 0.003351 0.001117
2.503903 2.503903 0.002925
2.753117

F P
0.38 0.770

82.53 0.000
0.38 0.766
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APPENDIX III Study two: Statistical analysis tables

Comparison of the effects on PPT of the four interventions en block, 

independent of measurement site) (Table 5.2.1)

% PPT change ail sites following intervention MA to LI4 
One-way ANOVA: % PPT change versus pre/post

Source DF SS MS F P
pre/post 1 1.11896 1.11896 282.40 0.000
Error 1780 7.05293 0.00396
Total 1781 8.17189

% PPT change all sites following intervention MA to LR3 
One-way ANOVA: % PPT change versus pre/post

Source DF SS MS F P
pre/post 1 0.80776 0.80776 195.30 0.000
Error 1780 7.36197 0.00414
Total 1781 8.16973

% PPT change all sites following intervention EA to LR3 
One-way ANOVA: Logged change versus pre/post

Source DF SS MS F P
pre/post 1 1.03227 1.03227 215.70 0.000
Error 1771 8.47520 0.00479
Total 1772 9.50746

% PPT change all sites following intervention EA to NAP-Foot 
One-way ANOVA: Logged change versus pre/post

Source DF SS MS F P
pre/post 1 0.62363 0.62363 149.67 0.000
Error 1767 7.36272 0.00417
Total 1768 7.98634

Study 2: The examination of the relative effects on PPT of the four 
interventions by site. There are ten pre/post comparisons, each 
containing a single regional site and each involving all four 
interventions (Table 5.2.3)

% PPT change site 1 — LI10 
% PPT change versus Treatment, pre/post

Source DF Seq SS Adj SS Adj MS F P
Treatment 3 0.013458 0.011612 0.003871 0.62 0.601
pre/post 1 0.386848 0.386848 0.386848 62.23 0.000
Treatment*pre/post 3 0.010739 0.010739 0.003580 0.58 0.631
Error 712 4.426413 4.426413 0.006217
Total 719 4.837459
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% PPT change at site 2 NAP-Radius
% PPT change versus Treatment, pre/post

Source
Treatment
pre/post
Treatment*pre/post
Error
Total

DF Seq SS 
3 0.014654
1 0.504501
3 0.006585

712 3.931502
719 4.457242

Adj SS 
0.012412 
0.504501 
0.006585 
3.931502

Adj MS F P 
0.004137 0.75 0.523 
0.504501 91.37 0.000 
0.002195 0.40 0.755 
0.005522

% PPT change at site 3 - ST36 
%PPT change versus Treatment, pre/post

Source DF Seq SS Adj SS Adj MS F P
Treatment 3 0.058984 0.047536 0.015845 3.87 0.009
pre/post 1 0.247131 0.248214 0.248214 60.59 0.000
Treatment*pre/post 3 0.044243 0.044243 0.014748 3.60 0.013
Error 784 3.211491 3.211491 0.004096
Total 791 3.561849

% PPT change at site 4 - NAP-Sole 
% PPT change versus Treatment, pre/post

Source
Treatment
pre/post
Treatment*pre/post
Error
Total

DF Seq SS Adj SS 
3 0.041914 0.033580
1 0.472679 0.478265
3 0.037173 0.037173

649 2.421398 2.421398
656 2.973164

Adj MS 
0.011193 
0.478265 
0.012391 
0.003731

F P
3.00 0.030

128.19 0.000
3.32 0.019

% PPT change at site 5 - KD3 
% PPT change versus Treatment, pre/post

Source
Treatment
pre/post
Treatment*pre/post
Error
Total

DF Seq SS Adj SS 
3 0.011545 0.009132
1 0.312541 0.312541
3 0.010449 0.010449

712 2.857616 2.857616
719 3.192150

Adj MS 
0.003044 
0.312541 
0.003483 
0.004014

F P
0.76 0.518

77.87 0,000
0.87 0.457

% PPT change at site 6 - LR5 
% PPT change versus Treatment, pre/post

Source
Treatment
pre/post
Treatment*pre/post
Error
Total

DF Seq SS Adj SS 
3 0.037075 0.031105
1 0.427277 0.427277
3 0.020135 0.020135

712 2.626507 2.626507
719 3.110994

Adj MS F P 
0.010368 2.81 0.039 
0.427277 115.83 0.000 
0.006712 1.82 0.142 
0.003689

% PPT change at site 7 - LI5 
% PPT change versus Treatment, pre/post

Source
Treatment
pre/post
Treatment*pre/post
Error
Total

DF Seq SS Adj SS 
3 0.063731 0.052199
1 0.328058 0.328058
3 0.041169 0.041169

712 4.247697 4.247697
719 4.680656

Adj MS 
0.017400 
0.328058 
0.013723 
0.005966

F P
2.92 0.034

54.99 0.000
2.30 0.076
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% PPT change at site 8 - PC6
% PPT change versus Treatment, pre/post

Source DF 
Treatment 3 
pre/post 1 
Treatment*pre/post 3 
Error 712 
Total 719

Seq SS 
0.004909 
0.346715 
0.005541 
2.631616 
2.988781

Adj SS 
0.003769 
0.346715 
0.005541 
2.631616

Adj MS F P 
0.001256 0.34 0.796 
0.346715 93.81 0.000 
0.001847 0.50 0.683 
0.003696

% PPT change at site 9 - LI20 
% PPT change versus Treatment, pre/post

Source
Treatment
pre/post
Treatment*pre/post
Error
Total

DF Seq SS 
3 0.016169
1 0.293816
3 0.012226

712 1.273382
719 1.595593

Adj SS Adj MS 
0.013022 0.004341 
0.293816 0.293816 
0.012226 0.004075 
1.273382 0.001788

F P
2.43 0.064

164.28 0.000
2.28 0.078

% PPT change at site 10 - GB12 
% PPT change versus Treatment, pre/post

Source DF Seq SS Adj SS Adj MS 
Treatment 3 0.012190 0.010583 0.003528 
pre/post . 1 0.357255 0.357255 0.357255 
Treatment^pre/post 3 0.008446 0.008446 0.002815 
Error 712 2.266838 2.266838 0.003184 
Total 719 2.644729

F P
1.11 0.345

112.21 0.000 
0.88 0.449

Study 2 Comparisons of subjects perception of acupuncture experience 
among interventions (Table 5.2.6)

One-way ANOVA: pain levels reported versus intervention

Source DF SS MS F P
intervention 3 1920 640 1.22 0.409
Error 76 48422 526
Total 79 50342

One-way ANOVA: sensation intensity versus intervention

Source DF SS MS F P
intervention 3 1386 4 62 0.84 0.237
Error 76 50485 549
Total 79 51871

One-way ANOVA: not anxious/ yes versus intervention

Source DF SS MS F P
intervention 3 260 87 0.26 0.856
Error 76 31006 337
Total 79 31266

One-way ANOVA: changes in acupuncturist behaviour versus intervention

Source DF SS MS F P
intervention 3 1.583 0.528 2.12 0.303
Error 76 20.917 0.249
Total 79 22.500
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Appendix IV:

UNIVERSITY OF TECHNOLOGY, SYDNEY 
INFORMATION SHEET

The aim of this study is to evaluate the effect of acupuncture (both electro and manual) and 
TENS on pressure pain threshold. You will be asked to attend for four sessions each taking 
approximately one hour. Each session will involve two acupuncture needles or surface electrodes 
been placed into/onto the hands or feet and will remain in place for around 25 minutes. A 
practitioner of 22 years experience will provide the interventions. Before and after the intervention 
an algometer describe below, will be applied to ten sites on your body (see figure below) to 
measure pressure pain threshold. Pressure pain threshold refers to the very first feelings of 
discomfort produced by pressure on your skin or muscles. An algometer is a spring loaded 
pressure gauge that is attached to a rubber plunger with a 1cm diameter. It does not puncture 
the skin.

If at any stage you feel discomfort or pain and wish to withdraw from the experiment, please 
inform the researchers immediately and the procedure will be terminated. You will be asked 
whether you want to continue the experiment or withdraw completely from the project.

All participants are advised to wear loose clothing to assist with exposing the limbs of the body 
during the algometric measurement. There are some risks associated with acupuncture, for 
example a bruise. All measures will be taken to minimize such risks.

You will also be asked to fill out a questionnaire at the completion of the of each session. Your 
identity will be confidential. Upon completion of the fourth session, to thank you for your 
participation a fee of $40 has been allocated to cover travel.

Any queries can be directed to Mr Steve Szabo (UTS ph:95142177; email massaqie74@aol.com) 
or his supervisor Dr. Deirdre Cobbin (UTS ph:9514 2231; email D.Cobbin@uts.edu.au).

Note Steve Szabo is a master of science student.
This research has been approved by the UTS, Human Research Ethics Committee.
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CONSENT FORM - STUDENT RESEARCH

I______________________________________agree to participate in the research project
“Comparisons of manual acupuncture, electroacupuncture and TENS on pressure pain 
threshold” being conducted by Mr Steve Szabo of the University of Technology, Sydney, 
for the purpose of his Masters of science.

I understand that the purpose of this study is to investigate the effect of acupuncture 
(both manual and electro) and TENS on pressure pain threshold.

I understand that my participation in this research will involve four sessions with one 
hour per session, and the procedure of acupuncture is low risk with little discomfort or 
embarrassment but occasionally a bruise or haematoma may develop. Both are not 
serious and resolve themselves in a few days.

I am aware that I can contact Mr Steve Szabo (Level 13 room 13 building 1, UTS ph: 
95142177, Hm: 9971 4295, email: massaqie74@aol.com or his supervisor Dr. Deirdre 
Cobbin (Level 14-Building 1, UTS ph: 9514 2231, email D.Cobbin@uts.edu.au ) if you 
have any concerns about the research. I also understand that I am free to withdraw my 
participation from this research project at any time I wish and without giving a reason, 
and withdrawal form the research would not affect employment or academic progress.

I agree that Mr Steve Szabo has answered all my questions fully and clearly. I agree that 
the research data gathered from this project may be published in a form that does not 
identify me in any way.

_________________________________
Signed by

_________________________________
Witnessed by

NOTE: This study has been approved by the University of Technology, Sydney’s Human 
Research Ethics Committee. If you have any complaints or reservations about any aspect of your 
participation in this research which you cannot resolve with the researchers, you may contact the 
Human Research Ethics Committee through the Research Ethics manager, Ms Susanna Davis 
(ph: 02 9514 1279; susanna.davis@uts.edu.au). Any complaint you make will be treated in 
confidence and investigated fully and you will be informed of the outcome.
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Appendix V: The algometer.
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Appendix V: The algometer
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