
EFFECTS OF STIMULATION SITES OF TENS ON PRESSURE 

PAIN THRESHOLD IN ASYMPTOMATIC FEMALES 

 

 

 

 

 

 

 

 

SUDARAT BORISUT 

 

 

 

 

 

 

A THESIS SUBMITTED IN PARTIAL FULFILLMENT 

OF THE REQUIREMENTS FOR 

THE DEGREE OF MASTER OF SCIENCE 

(PHYSICAL THERAPY) 

FACULTY OF GRADUATE STUDIES 

MAHIDOL UNIVERSITY 

2006 

 

ISBN 974-04-7054-8 

COPYRIGHT OF MAHIDOL UNIVERSITY 







 
 

ACKNOWLEDGEMENT 

 
 I would like to express my sincere gratitude and the in-depth appreciation to 

my major advisor, Asst. Prof. Dr. Mantana Vongsirinavarat, for her excellent 

guidance, invaluable advice, kind support and understand me with her heart to 

complete this thesis in appropriate time. 

 My gratefulness and deep appreciation has been given to my co-advisor, 

Assoc. Prof. Chanut Akamanon and Asst. Prof. Chompunoot Suwanasri, for her 

worthy guidance, encouragement and invaluable suggestions for improvement this 

thesis. 

 In addition, I wish to thank my friends who suggest the place that I can find 

research participants and their helpful assistance, coordination, support and warmest 

encouragement. 

 Especially, I would like to give special thankfulness and deepest appreciation 

to all my research participants for their excellent cooperation. 

 I feel thankful to my friends in Graduate program of physical therapy for their 

friendship and encouragement. 

 My gratefulness is extended to Faculty of Allied Health Sciences, 

Chulalongkorn University, for giving me a chance to study and I appreciate my 

colleagues for their helpful assistance. 

 Finally, I wish to express my gratefulness to my beloved parents, my sisters, 

my brother and my uncle who give support, special care, understanding and warmest 

encouragement. 

 

Sudarat Borisut 

 



Fac. of Grad. Studies, Mahidol Univ.                                                                                          Thesis / iv 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 

EFFECTS OF STIMULATION SITES OF TENS ON PRESSURE PAIN 

THRESHOLD IN ASYMPTOMATIC FEMALES 

 
SUDARAT BORISUT   4636228 PTPT/M 

 

M.Sc. (PHYSICAL THERAPY) 

 

THESIS ADVISORS: MANTANA VONGSIRINAVARAT, Ph.D. (PHYSICAL THERAPY), 

CHANUT AKAMANON, M.A. (COMMUNICATION DISORDERS AND SPEECH SCIENCE), 

CHOMPUNOOT SUWANASRI, M.Sc. (PHYSICAL THERAPY) 

 
ABSTRACT 

 The purpose of this study was to compare pressure pain threshold (PPT) at Li 
4 acupoint (web space between the first and second metacarpal bones) before and 
after the application of TENS at the acupoint stimulation sites (LI6 and LI10 at arm, 
GB34 and GB36 at leg) according to the relationship between meridians on forearm 
and leg.  The subjects were 60 healthy Thai females (age 26.6 ± 4.46 years).  They 
were randomly allocated into 4 groups (15 persons in each group) according to the 
intervention received which included sham stimulation (group 1), stimulation at arm 
only (group 2), stimulation at leg only (group 3) and stimulation at both arm and leg 
(group 4). The TENS stimulation was applied for 30 minutes, using high frequency 
current (200 Hz) and adjusting the intensity to produce strong paraesthesia, 
sensation without pain or muscle contraction.  The pressure pain threshold 
measurements were performed before switching on TENS unit and immediatedly 
after 30 minutes of TENS stimulation. 
 The results showed that PPT before and after TENS application in group 1 
was not significantly different (p>0.05).  However, there were statistically 
significant differences of PPT between before and after TENS application in group 
2, group 3 and group 4 (p<0.05).  The changed scores of PPT among 3 groups 
(group 2, 3 and 4) of TENS stimulation were significantly different (p<0.05). Group 
4 had the highest changed score, followed by group 2 and group 3. 
 The results of this study indicated that TENS stimulation at acupoints on the 
arm, leg and both arm and leg had effects on PPT in asymptomatic subjects.  
Stimulation at a combination of two sites produced a greater effect of PPT increment 
than stimulation on each site.  These results may have implications for the clinical 
use of sensory stimulation. 
 
 
KEY WORDS: TRANSCUTANEOUS ELECTRICAL NERVE STIMULATION / PRESSURE / 

PAIN THRESHOLD / ACUPOINTS 
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CHAPTER I 

INTRODUCTION 

  
Transcutaneous electrical nerve stimulation (TENS) is a noninvasive 

therapeutic modality which increasingly gaining popularity. TENS is mainly used for 

pain relief by mean of electrically stimulating on peripheral nerves via skin surface 

electrodes. The development and application of TENS were based on a number of  

theories and one of these is the gate control theory originally conceptualized by 

Melzack and Wall (1). The other theory commonly used to explain TENS action is the 

release of endogenous opioids (2). 

The gate control theory attributes to the stimulation of the large afferent fibers 

(Aβ) and the inhibition of the small nociceptive fibers (Aδ, C) by activating inhibitory 

interneurones in the substantia gelatinosa of the spinal cord dorsal horn (1).  This  

theory is thought to involve segmental inhibition and suggests that descending 

inhibitory pathways might exist and the spinal neurons are under descending 

influences.  However, specific neurotransmitters or their receptors were not mentioned 

in this theory.  

Nowaday, there are much more information on mechanisms of actions of 

TENS that includes neurotransmitters and their receptors as well as the types of 

neurons involving in the inhibition. The release of endogenous opioids has been used 

to explain the actions of TENS, particularly the low frequency stimulation. Recent 

data support this theory for both low frequency TENS and high frequency TENS 

stimulations (2). Han et al suggested that there were different opioids releasing at the 

spinal level with different stimulation frequencies, i.e., for high and low frequencies 

(3). 

TENS has been used for treating many types of pain. Despite the widespread 

clinical use of TENS, the degree of analgesic effect of this modality is apparently 

variable. Several parameters of TENS application have been introduced in an attempt 

to increase its hypoalgesic efficacy and to reduce analgesic response variability. 
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A meta-analysis reported in 2002 by Brosseau et al concluded that the research 

findings did not provide data on how the site of application, the treatment duration, the 

frequency or intensity of stimulation affected TENS efficacy (4).  Furthermore, 

experimental studies of analgesic responses to electrical models of pain in human 

suggested various effects with different parameter combinations (5-9). The 

contradictory results of these researches caused uncertainty in the selection of optimal 

stimulation parameters. Therefore, TENS parameters are often chosen on an empirical 

basis through individual preference and clinical experience. 

 The effectiveness of TENS in producing the analgesic effect was shown to be 

influenced by the electrode placement and frequency of electrical stimulation (7,9). 

Controversy exists regarding the optimal frequency for pain relief with TENS. Walsh 

et al suggested that a low-frequency (4 Hz) stimulation had a greater analgesic effect 

than a high-frequency (100 Hz) stimulation (5).  Johnson et al demonstrated that the 

use of a high-frequency stimulation produced greater analgesic effect (6). Hamza et al 

reported that mixed-frequency (2 Hz and 100 Hz) stimulation decreased morphine 

requirements compared with either low or high frequency stimulation (7). Hansson 

and Ekblom reported a comparable analgesic effect of both low- frequency and high-

frequency stimulations. Low-frequency stimulation requires a higher intensity to 

produce same level of pain relief compared to high-frequency stimulation dose, 

therefore, the patients usually prefer a high-frequency stimulation (10). Furthermore, 

high-frequency transiently reduced motor evoked potentials, increased sensory 

threshold in healthy subjects and seemed to exert a mild inhibition of the perception 

and processing of pain induced by laser activation of Aδ fibers (11). 

 Acupuncture has been used against diversified pain for thousands of years. 

Recently, this procedure is recognized in the western society as a complementary 

medicine, especially in the treatment of pain.   The opioidergic mechanism of action 

for acupuncture is explained by the releasing of endogenous opioid substances. Xie et 

al suggested that morphine produced an analgesic effect by a direct activation of 

opioid receptors in the periaqueductal gray (PAG), whereas the effect of 

electroacupuncture is mediated by β-endorphin (12). The selectivity of acupuncture on 

endorphin release was examined using electroacupuncture of different frequencies. 

Methionin enkephalin and dynorphins were selectively released into the CSF by 
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electroacupuncture of low and high frequencies, respectively (13). Wang et al studied 

in rat to compare the analgesic effect induced by three types of stimulation: manaul 

acupuncture, electroacupuncture, and TENS. The results showed that the analgesic 

effect of electroacupuncture was higher than manual acupuncture, while TENS 

produced similar effect as electroacupuncture (14).   

Acupoints are the specific points on body surface with high sensitivity when 

using needle puncture for treatment.  These points are widely used as a substitute for 

classical acupuncture. Several studies (9,15,16) have documented the ability of 

analgesic acupoints, such as gall bladder (GB) 34, large intestine (LI) 4 and stomach 

(ST) 36.  Wang et al found that when TENS was applied simultaneously at both the 

dermatome corresponding to the surgical incision and Chinese acupoint site on the 

hand (Hegu), there was more than 50% decrease in the postoperative opioid analgesia 

requirement after lower abdominal surgery (15).  Chen et al found that electrical 

stimulation of the incisional dermatomes was as effective as acupoint stimulation in 

reducing the patient-controlled analgesia requirement and improving patient comfort 

after lower abdominal surgery (9). Chesterton et al found that TENS application at 

Chinese acupoint, produced a large and rapid onset hypoalgesic effect, which was 

sustained for 30 minutes after stimulation (16). Thus, stimulation site especially 

Chinese acupoint seems to influence the level of hypoalgesic responses and, more 

importantly, post-stimulation hypoalgesia.  There were several studies of TENS 

stimulation sites using acupoint but no study of TENS stimulation sites choosing 

acupoints following relationship between meridian on arm and leg, therefore more 

investigations on this topic are warranted. This study has the objective to investigate 

the effect of using acupoints as sites of stimulation with conventional TENS modes. 

 

Purpose of the Study 
General Objective 

 To compare pressure pain threshold at Li 4 (Hegu point) when using 

conventional TENS modes stimulation for 30 minutes at different sites in 

asymptomatic subjects. 
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 Specific Objectives 

1. To compare pressure pain threshold between before and after the 

application of TENS at the acupoint on forearm (Li 6 and Li 10). 

2. To compare pressure pain threshold between before and after the 

application of TENS at the acupoint on leg (GB 34 and GB 36). 

3. To compare pressure pain threshold between before and after the 

application of TENS at both acupoints on forearm and leg.  

4. To compare changes of pressure pain threshold among acupoint stimulation 

sites on forearm, leg and combination of acupoints on forearm and leg. 

5. To compare pressure pain threshold between the TENS stimulation groups 

and the sham group at acupoints on forearm and leg.  

 

Parameters 
  Pressure pain threshold: measured by pressure algometer. 

 

Scope of the Study 
 The study compared pressure pain threshold at Li4 (Hegu point) before and 

after the application of TENS at the acupoint stimulation sites on forearm and leg in 
asymptomatic subjects. 

 

Hypotheses of the Study 
  1. There are significant differences in pressure pain threshold between before 

and after application of TENS at acupoint stimulation sites. 

2. There are significant differences of changes of pressure pain threshold after 

using TENS stimulation on forearm, leg and combination of forearm and leg.  

 

Advantages of the Study 
This study will provide information about effect of sites of stimulation when 

applying TENS at Chinese acupoints on asymptomatic subjects.  
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CHAPTER II 

LITERATURE REVIEW 

 
2.1 Transcutaneous Electrical Nerve Stimulation (TENS) 

 Transcutaneous Electrical Nerve Stimulation (TENS) is defined by the 

American Physical Therapy Association as the application of electrical stimulation on 

the skin for pain control. TENS is noninvasive, inexpensive, safe, and easy to use (18). 

 There are three main types of TENS application for physical therapy treatment 

namely conventional, acupuncture-like TENS and intense TENS. 

1. Conventional TENS or Hi - TENS 

The aim of conventional TENS is to selectively acitvate large diameter Aβ 

fibers without concurrently activating small diameters, the Aδ and C fibers.  The 

conventional TENS currents are usually delivered between 10-200 p.p.s and 100-200 

µs with pulse amplitude titrated to produce a strong paresthesia, non-painful and no 

muscle contraction.  As large diameter fibers have short refractory periods they can 

generate nerve impulses at high frequencies.  The pattern of pulse delivery is usually 

continuous (50). 

2. Acupuncture-like TENS (AL-TENS) or Lo - TENS 

The purpose of AL-TENS is to selectively activate small diameter fibers 

arising from muscles (ergoreceptors) by the induction of phasic muscles.  AL-TENS is 

delivered over motor points to activate Aα efferents to generate a phasic muscle twitch 

resulting in ergoreceptor activity.  AL-TENS is defined as the induction of forceful 

phasic muscle contractions (50).  

3.  Intense TENS 

The purpose of intense TENS is to activate small diameter Aδ cutaneous 

afferents by applying over a peripheral nerve.  Intense TENS is delivered over the 

main nerve bundle using high frequency, wide pulse duration and high intensity 

currents at the tolerable level.  Activity in cutaneous Aδ afferents induced by intense 

TENS has been shown to produce peripheral blockade of nociceptive afferent activity 

(50). 
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2.2   Sensory Receptor 

 Sensory receptors are specialized neurons that serve as transducers of 

environmental energy.  Some of these receptors provide information to the organism 

about its external environment.  Other sensory receptors provide information about the 

internal environment.  In general, these information are then transmitted to the central 

nervous system by trains of nerve impulses along the primary afferent neurons. 

 2.2.1 Types of Sensory Receptors 

 Sensory receptors can be classified in several ways.  One such way relates to 

whether they provide information about the external environment (exteroceptors), the 

internal environment (interoceptors), or the position of the body in space 

(proprioceptors).  The detailed classification is shown in Table 2.1 

 

Table 2.1 Classification of sensory receptors 

Types of receptors Types of information transferred 

Special Vision, audition, taste, olfaction, balance 

Superficial Touch, pressure, flutter, vibration, tickle, warmth, cold, pain, 

itch 

Deep Position, kinesthesia, deep pressure, deep pain 

Visceral Hunger, nausea, distention, visceral pain 

 

 2.2.2 Primary Afferent fibers 

 The peripheral processes of primary afferent neurons that supply different 

types of sensory receptors have specific ranges of conduction velocity.  For example, 

some sensory receptors in muscle are supplied by the largest myelinated axons in the 

peripheral nervous system, the group I afferent fibers.  Other sensory receptors in 

muscle are innervated by medium-sized (group II) or small (group III) myelinated 

axons or by unmyelinated (group IV) axons.  The largest myelinated axons that supply 

cutaneous sensory receptors are comparable in size with the medium-sized muscle 

afferent fibers.  These fibers are referred to Aβ afferent fibers.  Small myelinated and 

unmyelinated cutaneous afferent fibers are classed as Aδ fibers and C fibers, 

respectively.  The types and characteristic of afferent fibers are shown in Table 2.2 
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Table 2.2 The types and characteristic afferent fibers 

Type Group Subgroup Diameter 

(µm) 

Conduction 

velocity 

(m/sec) 

Tissue 

supplied 

Function 

Afferent 

A 

I Ia 

 

 

Ib 

12-20 

 

 

 

72-120 

 

 

 

Muscle 

 

 

Muscle 

Afferents from 

muscle spindle 

primary endings 

Afferents from 

golgi tendon 

organ 

 II 

 

 

Beta 

 6-12 36-72 Muscle 

 

 

Skin 

Afferents from 

muscle spindle 

primary endings 

Afferents from 

pacinian 

corpuscles, touch 

receptors 

 III 

 

 

Delta 

 1-6 6-36 Muscle 

 

 

Skin 

Afferents from 

pressure pain 

endings 

Afferents from 

touch, 

temperature,and 

pain receptors 

C IV 

 

Dorsal 

root 

 < 1 0.5-2 Muscle 

 

Skin 

Afferents from 

pain receptors 

Afferents from 

touch, pain and 

temperature 

receptors 
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2.3 Theories of TENS 

 The main theories used to explain effect of pain reduction are gate control 

theory and the release of endogenous opioids. 

 2.3.1 Gate Control Theory 

 The most common theory used to explain effect of pain inhibition of TENS is 

the gate control theory by Melzack and Wall.  According to the theory, stimulation of 

large diameter afferent by TENS inhibits nociceptive fibers which evoke responses in 

the dorsal horn. The gate control theory is thought to involve the segmental inhibition 

by using neurons located in the substantia gelatinosa of the spinal cord dorsal horn (1). 

The original theory did suggest that descending inhibitory pathways might exist and 

these spinal neurons were under descending influences.  

Nowadays, there are several complementary concepts to explain how TENS 

works such as anatomic pathways, neurotransmitters and their receptors, as well as the 

types of neurons involved in the inhibition. 

2.3.2  The Release of Endogenous Opioids 

The other possible theory explaining TENS effect is that the stimulation 

inducing the release of endogenous opioids.  This theory is used particularly low 

frequency stimulation.  However, recent data support this theory for low frequency 

TENS as well as for high frequency TENS stimulation (3,21,22). 

 There are 3 types of opioid receptors, µ (naloxone), δ (naltrindole) and к (nor- 

binaltorphimine).  These receptors are located peripherally in the spinal cord and in the 

areas involved in descending inhibition including the nucleus raphe magnus in the 

rostral ventral medulla (RVM) and the periaqueductal gray (PAG) (2). 

 In the spinal levels, there are different opioids released with different 

stimulation frequencies. There are also specific and different opioid receptors 

activated with high or low frequency of TENS. 

 Hughes et al in 1984 (21) studied response of plasma beta-endorphins to TENS 

application in healthy subjects.  They found that the concentration of beta-endorphins 

increased in the blood stream after both high and low frequency stimulations, 

corresponding with the increase of pain threshold as measured by the evoked potential 

response. 
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  Han et al in 1991 (3) studied effect of low and high frequency TENS on met-

enkephalin-arg-phe and dynorphin A immunoreactivity in human lumbar CSF.  They 

found that low frequency TENS application on the hand and the leg resulted in a 

marked increase of immunoreactivity-Met-enkephalin-Arg-Phe (ir-MEAP) but not 

immunoreactivity - dynorphin A (ir-Dyn) whereas high frequency produced increase 

of ir-Dyn A but not ir-MEAP.    

Sluka et al in 1999 (22) reported that either high or low frequency of TENS 

produced almost 100 % inhibition of hyperalgesia.  Low doses of naloxone, which was 

specific of µ opioid receptors resulted in a blockage of the antihyperalgesia was 

produced by low frequency TENS.  High doses of naloxone, which also blocking δ 

and к opioid receptors resulted in preventing the antihyperalgesia was produced by 

high frequency TENS.  The spinal blockade of δ opioid receptor, which was dose-

dependently prevented the antihyperalgesia was also produced by high frequency 

stimulation.  In contrast, blockade of к opioid receptor which had no effect on the 

antihyperalgesia was produced by either low or high frequency stimulation.  Thus, the 

author concluded that low frequency produced antihyperalgesia through the µ opioid 

receptor and high frequency produced antihyperalgesia through the δ opioid receptor 

in the spinal cord. 

  

2.4 Mechanism of TENS Action   

Stimulation-induced analgesia can be categorized according to the anatomical 

sites of action into peripheral, segmental and extrasegmental.  In general, the main 

action of conventional TENS is segmental analgesia mediated by Aβ fiber activity, 

while the main action of Acupuncture-like TENS (AL-TENS) is extrasegmental 

analgesia mediated by ergoreceptor activity.  The main action of intense TENS is also 

extrasegmental analgesia via activity of small diameter cutaneous afferents.  

Conventional and intense TENS are also likely to produce peripheral blockade of 

afferent information in the fiber types they activate. 

 Ishimaru et al in 1995 (19) studied effects of conditioning peripheral nerve 

stimulation with different types of stimulating electrodes on pain thresholds in various 

deep tissues. In healthy subjects being applied TENS and electroacupuncture (EA), the 

results showed that TENS with surface electrodes significantly increased pain 
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threshold of skin and fascia but not those of muscle or periosteum. EA with non-

insulated needles induced a greater increase in pain threshold in skin, fascia and 

muscle.  EA with insulated needle electrodes was the only technique which 

significantly increased the pain threshold of muscle and periostrum. 

 Chesterton et al in 2002 (16) studied effects of TENS parameters on the 

mechanical pain threshold in healthy subjects and found that both low and high 

frequency TENS significantly increased mechanical pain threshold during stimulation.  

However, only low frequency was significantly sustained the effect for 30 minutes of 

post-stimulation.  

Kofler in 2004 (20) studied the cutaneous silent period (CSP), a spinal 

inhibitory reflex mediated by A-δ fibers in healthy subjects, when used high-frequency 

TENS. The researcher found that high-frequency TENS exerted an influence on both 

inhibitory and excitatory circuits involving in protective reflexes.  These effects were 

mediated at the spinal segmental level through TENS associated presynaptic inhibition 

of nociceptive A-δ fibers. 

 

2.5 Physical Characteristics of Stimulation 

There are several stimulations characteristic considered to be crucial in TENS 

application i.e., wave form, frequency, pulse width, intensity and duration. 

2.5.1 Wave form 

Different TENS devices use a variety of pulse waveforms.  Generally, the 

wave forms can be divided into monophasic and biphasic.  Devices which use 

monophasic waveforms depend on the polar, it is the cathode that excites the axon so 

in practice the cathode is placed proximal to the anode to prevent the blockade of 

nerve transmission due to hyperpolarisation.  Devices which use biphasic waveforms 

with zero net current flow will alternate between the cathode and anode.  Zero net 

current flow may prevent a build-up of ion concentrations beneath electrodes which 

preventing adverse skin reactions due to polar concentration. 

2.5.2 Frequency 

There are two kinds of frequency applied in clinic: high frequency (50-250 Hz) 

and low frequency (2-4 Hz).  TENS with high frequency concerns about activation of 

large diameter fibers (Aβ) without activating smaller diameter nociceptive fibers (Aδ 
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and C fibers).  Manheimer mentioned that motor nerve fibers were recruited by low 

frequency such as acupuncture-like TENS leaded to visible muscle twitches (44). 

2.5.3 Pulse width 

In general, the range of pulse width is 40-500 µsec so that large afferent nerve 

fibers are activated more than the smaller sized motor nerves.  C-fibers or small 

unmyelinated axons are unexcited with pulse widths more than 200 µsec.  Therefore, 

when one wants to stimulate large fibers for pain relief the pulse width should be set as 

low as the stimulator can be done (44). 

2.5.4 Intensity 

In general, the amplitude is adjusted to the first production of a “change of 

sensation” within the area of the electrodes.  Then, the amplitude is slowly further 

increased, until a slight discomfort is reported.  These two steps are the minimum and 

maximum limits of the sensory threshold, respectively.  The proper amplitude that 

should be sustained is approximately in the middle of this range (43,44).  

However, Janko divided the intensities of current into three different levels 

related of sensation as follows. 

- Intensity at threshold of perception level or the first sensation or 

sensory threshold response. 

- Intensity at threshold of pain or the first appearance of pain:  It was 

described as pricking, tingling or vibration sensation.  This level of intensity 

had the most pain suppressing effect. 

- Intensity at final tolerance threshold level when pain became 

unbearable.  At this intensity level, Manheimer discussed that this intensity 

exceeded the magnitude required for adequate stimulus and although it evoked 

a nerve action potential of pain fiber, the amplitude of the sensory nerve action 

potential was not greater than one that produced by stimulation below the pain 

threshold (44).  In addition, the strong stimulation level which was enough to 

produce muscle contraction was usually unpleasant and was likely to be 

ineffective in reducing pain. 

2.5.5 Duration 

Duration of stimulation believed to best reduce pain by authors is 30-45 

minutes (16,50). 
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2.6 Electrode placement 

Manheimer suggested that methods of electrode placement should be based on 

anatomical and physiological principles. It also should have awareness of the etiology, 

location and character of the pain, because pain may arise from either superficial or 

deep tissues.  The resulting sensation can be perceived locally but may also be referred 

or radiated to the distant areas (23,44).  Manheimer suggested electrode placement at 

different areas as follows:  

2.6.1   The painful region 

This method is most frequently applied. The area of electrode placement is at 

the painful region, which can be on the same dermatome, on a specific point or on the 

peripheral nerve. 

2.6.2   Dermatome 

A dermatome is the cutaneous region that is innervated by a spinal nerve 

through both of its rami.  However, Manheimer suggested that dermatome was neither 

segmental nor easily delineated as they appeared to be on commonly used charts. 

Dermatome charts could be misleading if they were used as the sole mean of 

evaluation for electrode placement. Dermatomes did not possess distinct anatomical 

boundaries outlining their location, partly because of the high degree of overlapping. 

Therefore, the selection of electrode placement by considering distribution of 

dermatome was not effective because the boundaries of anatomical dermatome chart 

were varied and highly overlapping (44). 

2.6.3 Spinal cord segment 

A spinal cord segment giving rise to a spinal nerve root provides an excellent 

site for pain modulation to any structure it innervates (44). By this method, electrodes 

are placed parallelly (paraspinal) to the palpable spinous process.  This site would 

produce the stimulation on the cutaneous branches of dorsal rami which became 

superficial.  However, the anatomical relationship at each level of the vertebral body, 

spinous process, intervertebral foramen, spinal cord segment and nerve root is 

nonunifrom. Therefore, understanding the anatomical relationship is important for 

choosing of the electrode placement at the appropriate level. 
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2.6.4 Peripheral nerves 

A peripheral nerve that emerge from a plexus are supplied by fibers from at 

least two spinal cord segments.  This provides an extensive connection to the spinal 

cord, resulting in overlapping of innervation to cutaneous and motor fields. Unlike the 

dermatome stimulation, when a peripheral nerve is stimulated, at least two dermatomal 

regions will effect. Some regions of peripheral nerves are superficial and easily 

accessible to stimulation by surface electrodes.  Therefore, knowledge of the anatomy 

of these cutaneous distributions provides the options of TENS electrode placement 

(23,44).  

2.6.5 Specific placement point 

A specific placement point represents a stimulation site of either acupuncture, 

motor, or trigger points.  Many studies supported that many of these points are located 

at the same anatomical sites.  Skin at these specific points seems to have lower 

resistance to electricity.  Thus, these points are quite effective for the electrode 

placement (44). 

Kanchanapach in 1990 studied three methods of electrode placement of TENS 

comparing placements over maximum tenderness point, over superficial nerve trunk 

supplying maximum tenderness point and combined placements over the maximum 

tenderness point and over superficial nerve trunk simultaneously in the LBP patients.  

The results showed that there were statistically significant differences in both pain 

threshold values and VAS for all methods of electrode placement when compared with 

placebo.  However, there were no statistically significant differences in both pain 

threshold and VAS among 3 methods of electrode placement (53). 

Wang et al in 1997 studied effect of the intensity of transcutaneous electrical 

nerve stimulation at acupoint (ST 36 or Zudanli point) versus nonacupoint (shoulder) 

on postoperative patient-controlled analgesia (PCA) and found that the electrical 

stimulation at either the dermatomal level of the skin incision or the Zusanli acupoint 

could significantly decrease the requirement for opioid analgesics in the postoperative 

period. The postoperative PCA requirement was 35% and 38% in dermatomal level of 

the skin incision and the Zusanli acupoint, respectively, when compared with 

nonacupoint (15). 
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Chen et al in 1998 studied the effect of location of TENS on postoperative 

opioid analgesic requirement into 4 groups, i.e., group I sham-TENS (no electrical 

current) at Zusanli (ST36) acupoint, group II nonacupoint-TENS at the shoulder, 

group III dermatomal-TENS at the level of the surgical incision and group IV 

acupoint-TENS at the Zusanli acupoint.  The results showed that the opioid 

requirements in group III and IV were decreased by 37% and 39%, respectively, 

compared with the sham group and 35% and 38%, respectively, compared with group 

II (9). 

  

2.7 Physical characteristics of the acupuncture points and meridian system 

 According to the Standard Acupuncture Nomenclature proposed by the World 

Health Organization (WHO) (24), the meridian system in acupuncture consists of 

about 400 acupuncture points and 20 meridians connecting most of the points.  Since 

the 1950s, the meridian system has been investigated and confirmed by several 

researchers (25). Most of the acupuncture points correspond to the high electrical 

conductance points on the body surface.  The characteristic of skin conductance of the 

meridian system is supported by the finding of high density of gap junctions at the 

epithelia of the acupuncture points.  The gap junctions are hexagonal protein 

complexes that form channels between the adjacent cells.  It is well established in cell 

biology that gap junctions facilitate intercellular communication and increase 

electrical conductivity. 

 

2.8 Acupuncture points (Acupoints) and Meridians  

 Acupuncture points are the specific points on body surface with high 

sensitivity that being used for the application of needle puncture treatment in the 

acupuncture.  Acupoints were found to correspond to either cutaneous small nerve 

bundles (purely sensory, or sensory plus sympathetic), vascular (mixed sympathetic 

and sensory), or muscular (mixed sensory and motor) (52). Furthermore, acupoints 

compared with an anatomical atlas found that many of these points correspond with 

the points at which small nerve bundles penetrate the fascia and correlate closely with 

Travell’s “trigger points”.  Meridians consists of a line connecting acupuncture points 

that believed to be related to a particular organ or produce an effect on that organ (52). 
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2.9 Pressure Pain Threshold Measurement  

 Mechanical pressure has been used to produce pain sensations by application 

of pressure to various body’s loci.  Pressure pain threshold (PPT) is the minimal 

pressure inducing pain  through cutaneous and deep somatic stimulation (17).  This 

method has been used extensively to evaluate the perception of pain.  The mechanical 

pressure is one of the noxious stimuli activating nociceptors in the nociceptive system.  

Nociceptors localize in various tissues of the body including skin, skeletal muscles, 

ligaments, tendons and periosteum.  The small diameter nerve fibers such as C-fibers 

with the diameter of only 0.25-1.5 µ and conduction velocity of 1.0-2.5 m/sec and the 

Aδ fibers with diameter 1-5 µ and relatively slow conduction rate of 6-30 m/sec 

transmit impulses from the nociceptive receptors system and enter the spinal cord 

dorsally. (26) 

  The pain sensitivity measurement is an important outcome of to quantitative 

value of pain level.  The appropriate equipment for evaluation should be reproducible, 

controllable and convenient to apply. The pressure algometer is one of the equipment 

commonly used for PPT assessment.  It is also called pressure threshold meter (PTM) 

or pressure threshold measurement (17, 27). 

 There are two types of commercially available pressure algometer.  The spring-

scale (non-electronic) algometer is the device that fits cradle in palm of the hand, such 

as the Fischer algometer.  The application depends on the operator to control the rate 

of pressure increase.  Another type of algometer is an electronic strain gauge fitted 

with a digital display.  For this equipment, the increasing pressure at a standardized 

rate is important (28). The electronic algometer can reduce the variation of the rate of 

pressure increase; because the electronic pool provides examiners with visual cues to 

improve their timing (29). Therefore the electronic algometer is suggested as a 

appropriate method for pain threshold measurement (28, 30, 31). 

  

2.10 Reliability and Validity of PPT Measurement 

 Reeves et al in 1986 (32) studied the reliability of the pressure algometer to 

measure myofacial trigger point sensitivity at 6 locations of head and neck.  They 

found that the within-experimenter reliability of the first experimenter were in range of 

0.717-0.970 and the second experimenter were in range of 0.692-0.919.  The between-
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experimenter were in range of 0.709-0.893.  All results of reliability were statistically 

significant (P<0.01).  

 Ohrbach and Gale in 1989 (31) measured PPT in normal muscles.  The results 

showed that the between-trial reliability coefficients were in range of 0.83-0.93. 

 Jarumanokul in 1996 (34) studied the PPT at posterior neck and upper back 

region in asymtomatic sedentary females.  The results showed that intratester 

reliability were 0.711 to 0.974.  

 Ooneklabh in 1999 (35) studied the PPT at upper back region in sedentary 

women aged 35-54 years.  The resulted showed that intra-tester reliability were 0.878-

0.912 and inter-tester reliability were 0.735-0.892. 

 

2.11 Factors influencing PPT 

 There are several factors having effect on PPT value as following description. 

 2.11.1 Body loci 

 Fisher in 1987 measured the PPT over normal muscles at eight sites frequently 

afflicted by trigger points (17).  The sites of measurement were upper trapezius, 

levator scapula, supraspinatus, infraspinatus, middle deltoid, teres major, gluteus 

medius and paraspinal muscles at L4 level (2 and 4 cm from the midline of L4 spine).  

The middle deltoid muscle was used as the reference because it was less affecting 

from neck or lower back pain.  The pressure pain thresholds were found to be different 

among individual muscles.  The most sensitive muscle was the upper trapezius.  The 

pressure pain threshold at the lumbar paraspinal, gluteus medius, deltoid and 

infraspinatus muscles were higher than the other muscles.  In general, muscles in 

lower parts of the body were less sensitive, characterized by a higher-pressure 

threshold. 

 Ohrbach and Gale in 1989 (31) studied pressure pain threshlold of the masseter 

and temporalis muscles in normal subjects.  The PPTs were significantly higher in the 

temporalis compared to those of the masserter muscle.  In addition, the PPT at a 

tendon area were significantly higher than at the belly area. 

 Vatine et al in 1993 (33) studied deep pressure pain threshold in healthy 

subjects at mastoid processes, external malleoli and sternum.  They found that there 

was significantly higher PPT at sternum than other sites. 
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  Jarumanokul in 1996 (34) studied the PPT at six sites on posterior neck and 

upper back region.  The six sites were insertion of splenius capitis, medial aspect of 

superior angle of scapula, insertion of rhomboid minor and major, supraspinous fossa 

and upper trapezius muscle.  There were significant differences in PPT among 

different sites and the PPT of cephalad region were lower than those of caudal region.  

 Ooneklabh in 1999 (35) studied PPT at upper back muscles including levator 

scapulae, rhomboid minor, rhomboid major and upper trapezius. The PPT were 

compared between sedentary women with myofascial pain syndrome and 

asymptomatic women.  In asymptomatic women, PPT were significantly different 

among different sites.  The PPT values was highest at levator scapulae following by 

rhomboid minor, rhomboid major and upper trapezius, respectively.  This study also 

showed the decrease of PPT from caudal to cranial direction.  

Defrin et al in 2003 (36) studied the effect of body region on PPT at first dorsal 

interosseous, and two other sites on the upper back region such as levator scapular, 

upper trapezius, infraspinatus and rhomboids that was myofacial trigger points (MTPs) 

and pain free sites (pain free sites were within 3-6 cm from the active MTPs).  They 

found PPT in the pain free sites of the upper back to be significantly higher compared 

to those in the hand and compared to those in the MTPs of the upper back. 

 

2.11.2 The hand dominant  

 Jensen et al in 1992 (37) reported that the pressure pain threshold on the right 

side was higher than the left side for the right-handed subjects and vice versa for the 

left-handed subjects.  The authors postutated that pain sensation on the non-dominant 

side might be less developed than the dominant side.  In contrast, Fischer in 1987 and 

Vatine et al in 1993 (17, 33) studied the PPT in right-handed subjects and found no 

significant differences between left and right sides. 

Jarumanokul in 1996 (34) studied the PPT at neck and upper region in right-

handed normal subjects aged from 15-24 and 25-34 years.  The results showed no 

significant difference between left and right sides, except the PPT at upper trapezius 

muscle in subjects with aged from 15-24 years. 

Ooneklabh in 1999 (35) studied PPT at upper back region on levator scapulae, 

rhomboid minor, rhomboid major and upper trapezius muscle between sedentary 
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women with myofascial pain syndrome and asymptomatic women.  In asymptomatic 

subjects, PPT on left and right sides were not significant difference for all muscles. 

 

2.11.3 Tip area of pressure algometer 

The tip area of pressure algometer used in studies had different sizes i.e., 1 

cm2, 0.5 cm2 and 0.25cm2. 

Jensen et al in 1986 (28) studied the PPT measurement in the temporal region 

by using a constant rate of increasing the pressure with three different areas of the tip 

(0.126, 0.503, 1.134 cm2) of the algometer.  They found that the PPT decreased when 

the areas of the tip increased and suggested the appropriate area of the tip for the 

temporal region to be 0.5 cm2. 

Fischer in 1986 (27) found 0.5 cm2 diameter surface to be suitable for pain 

measurement on skin but not sufficient to transmit pressure to deeper tissues. 

Furthermore, Fischer suggested that the 1 cm2 surface was suitable for pain 

measurement of deep tissues such as muscles, ligaments, joint capsules and tendon. 

Defrin et al in 2003 (36) studied PPT on first dorsal interosseous muscles, and 

two sites of the upper back region by using the three pressing areas (0.5, 1 and 2 cm2). 

The results showed that PPT decreased significantly with the increase in the stimulus 

area from 0.5 to 2 cm2 in all regions studied.  

 

2.11.4 Rate of Pressure Application 

 Various rates of pressure application were investigated for PPT measurement.    

Jensen et al in 1986 (28) compared the PPT with 3 different rates of pressure 

application (0.07, 0.34 and 0.68 newton per second).  They found that the appropriate 

rate was 0.68 N/sec and suggested the rate should be slow enough to allow the subject 

to indicate the PPT to reduce over stimulation because of the reaction time.  

Furthermore, the fast application rate was difficult to ensure a constant rate of pressure 

application by visual feedback from the pressure display. 

Ohrbach and Gale in 1989 (31) studied PPT in asymptomatic muscles.  They 

used the pressure rate of 0.4 kg/ cm2 / sec and suggested that the low rate of force 

application reduced the magnitude of subject reaction time and provided a better 

estimation of the PPT. 
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Jarumanokul in 1996 (34) compared 3 rates of application (0.1, 0.5 and 1 

kg/sec).  She found that the reliability of pressing rate of 0.5 kg/sec was better than the 

rate of 0.1 and 1 kg/sec. Therefore this rate was appropriate to detect the PPT. 

 

2.11.5 Gender 

There were several studies (17, 37, 38, 62, 63) reported that the PPT in women 

was lower than those in men.  The study of Fischer in 1987 showed that the PPT in 

females were lower than males in all muscles except the gluteus medius muscle.  A 

meta-analysis by Rilet et al in 1996 on sex differences in the perception of noxious 

experimental stimuli showed that men exhibited a higher pain threshold than women 

for several pain stimuli, including pressure (62).  However, other two studies  found 

that there was no significant difference of PPT between female and male (33, 39). 

 Chesterton et al in 2003 (40) studied gender differences in pressure pain 

threshold in healthy subjects. The differences in mean PPT values between genders 

were found to be significant and healthy females exhibited significantly lower PPTs 

compared to males when measured at the first dorsal interosseous muscle. 

 

2.11.6 Age 

Jensen et al in 1986 studied the PPT in the temporal region of healthy 

volunteers aged 24-69 years (28).  They found no significant correlation between age 

and PPT.  Nevertheless, Jensen et al in 1992 studied PPT over pericranial muscles in  

general population aged 25-64 years (37).  They found that the younger age group (25-

44 years) had a lower PPT than the older age (45-64 years) group. The PPT seemed to 

increase with increasing age because of decreasing of receptor sensitivity.  Therefore, 

the authors suggested that it is important to control for age difference. 

Farasyn et al in 2003 studied in healthy subjects with two age groups, one was     

18-34 years and the other was 35-75 years, to examine the relationship of age and PPT 

(39).  They found no significant difference of PPT between age 18-34 years and age 

35-75 years. 
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2.11.7 Psychological factors 

 The experience of acute pain is intensified by anxiety and fear and directly 

affect the PPT.  Cornwall et al studied the effect of experimentally induced anxiety on 

the experience of pressure pain (41).  They found that relevant and irrelevant anxiety-

evoking instructions could increase pain ratings, stress intensity ratings, and heart rate 

compared to standard control instructions when painful pressure was applied to the 

skin. Anxiety is attributed to the nociceptive stimulus, it increases other elements of 

the distress associated with pain.  Therefore, when measuring the pain threshold, the 

subject should be in a quiet room and away from other people. 

  

 From the literature review, it was evident that TENS is mainly used for pain 

relief and affect pain threshold in normal subjects.  There were many researchers tried 

to find optimal parameters for efficacy of TENS.  Electrode placement is one of the 

parameters important for determining TENS application.  Acupoint has been used for 

electrode placement. However, there were several studies of TENS stimulation sites 

using acupoint but no study of TENS stimulation sites choosing acupoints following 

relationship between meridian on arm and leg. Therefore more investigations on this 

topic are necessary.  The present study investigates the effect on pain threshold of 

different electrode placements by using acupoint choosing from two meridians in 

asymptomatic subjects. 
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CHAPTER III 

MATERIALS AND METHODS 

 

Subjects 
Subjects were healthy females who could understand and follow verbal 

instructions, age between 18 and 35 years. The subjects were then interviewed 

according to questionnaire (Appendix B) to screen for the exclusion criteria.  After the 

screening, they were randomly allocated into 4 groups according to the intervention 

received (stimulation sites). 

Exclusion criteria 

 Subjects with the following conditions were excluded from the experiment: 

- Having a history of neuromuscular conditions. 

- Having a history of cardiovascular conditions such as coronary artery disease. 

- Having a history of peripheral neuropathy. 

- Having a history of trauma or surgery on the dominant hand or leg. 

-   Taking medication affecting pain threshold such as tranquilizer, analgesics 

within 24 hours before testing.  

-     Having a history of epilepsy. 

- Pregnancy. 

- Having an experience of TENS application. 

- Having menstruation during study. 

- Having cold fever. 

- Hearing impairment. 

- Psychological problems. 

Subjects who met the criteria were invited to participate in the study and were 

asked to sign the inform consent. (Appendix D) 
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Design of study 
This study was an experimental study, which aimed to compare pressure pain 

threshold between before and after when using conventional TENS modes to stimulate 

at different sites in asymptomatic subjects. 

 

Instrumentation 
1. Transcutaneous Electrical Nerve Stimulation (TENS) 

 

 
 

Figure 3.1  TENS and accessories. 

Main unit and accessories 

1. The TENS unit was a portable TENS (model 120Z ITO co.Ltd, Japan) with 

dual channels.  It was tested with oscilloscope (Tek tronix TDX 210 two channel 

Digital Real-Time,USA) to comfirm that all stimulation parameters were in the 

required range. 

2. Reuseable rubber electrode 

These electrodes were made of high quality silicone rubber with rectangular 

shape (50*35 mm.). 

3. Gel pad 

 This pads were designed for using with the rubber electrode. 

4. Leadwire 
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The wire came with 3.5 mm. plug jack and 2 mm. Banana plags.  They were 

color-coded with red color for + ve pole and black color for –ve pole. 

5. Carrying case 

The case was compact, light and soft, designed for convenient carrying and 

storaging the apparatus and accessories. 

6. Battery (9V) 

In this study the stimulation parameters were set as follows: 

-  The waveform was arranged to be asymmetrical biphasic waveform.  This 

waveform could avoid any accumulation of electrochemical effect at the electrode-

skin interface (50). 

-  The frequency is fixed at the high range of 200 Hz (44).  The ranges of 

frequency (50-250 Hz) were optimalizing stimulation of the large myelinated nerve 

fibers.   

-    Pulse width was fixed at the duration of 50 µs.  This narrow pulse width 

could prevent an adaptation of the sensory nerve (42).   

-  The electrodes were reusable self-adhesive, rectangular carbon rubber 

electrodes.   

-    The intensity was increased according to the subject’s verbal report to get a 

feeling of strong stimulation but comfortable. These levels of intensities did not 

produce muscle contraction during stimulation and represent intensities commonly 

used for the conventional TENS modes. 

 

2. Pressure algometer 

The pressure algometer was used in studies of pressure pain measurement 

(27,32,47,49). Therefore, pressure algometer (AlgometerTM Commander) was used for 

the assessment of pressure pain threshold of stimulation with TENS in this study 

(figure 3.2).  The pressure algometer consisted of the commander console unit which 

was high LCD display and a dynamometer with a 0.5 cm2 algometer pad.  The 

dynamometer was connected to the commander console unit by a cord with telephone-

jack plugs.  The PPT measurement value was appeared on the LCD display of 

commander console unit.  Force was displayed digitally in increments of 0.1 N.  The 

instrument was validated with weights traceable to the national of Standards and 
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Technology.  When turning on, the Commander console unit would automatically zero 

calibrate itself.  

 

 
   Figure 3.2  The pressure algometer. 

 

3. Skin sensation test (pin – prick) 

The pin-prick was used for skin sensation test before placing electrode at the 

stimulation sites of the all subjects. 

4. Stop watch 

The stop watch was used to test the validity of pressure algometer pressing at 

the velocity rate of 5 N/sec. 

 

Quality of Measurement 

Accuracy of pressure algometer pressing at the velocity rate of 5 N/sec 

The accuracy of pressing was ensured during practice sessions at the velocity 

rate of 5 N/sec among the randomized time of 1-5 seconds. 
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Reliability of pressure pain threshold measurement 

In the pilot study, the pressure pain threshold values were measured by 

pressing algometer 3 times with 30 minutes intervals each, in 10 asymptomatic 

subjects, age 18-35 years.  The pressure algometer was applied on the point marked on 

the dorsum of right hand, between the first and second metacarpal bones, and in the 

middle of the second metacarpal bone with the velocity rate of 5 N/sec.  The results 

showed no statistically significant difference of pressure pain threshold between 0 and 

30 minutes (Appendix F).  The results indicated that the repeated pressure applied by 

pressure algometer after 30 minutes did not change which tenderness point sensitivity.  

These results supported the study of Reeves et al (32) which reported a good reliability 

of pressure algometer and unchanged sensitivity of the measurement location with the 

repeated application of threshold level of pain.  For pressure pain threshold in the pilot 

study demonstrated the intratester reliability of the PPT measurement (Intraclass 

correlation coefficient) to be 0.9638 and 0.9793 for before and after 30 minutes, 

respectively (Appendix F). 

 

Procedure: The flowchart of study procedure is depicted in figure 3.6. 

Subject preparation  

The subject sat in a comfortable upright position. The stimulation sites were 

prepared with alcowipes and a standard pin-prick skin sensation test was performed on 

both stimulation sites. There were 2 stimulation sites, i.e., segmental (forearm) and 

extrasegmental (leg). 

1. The segmental sites were the lateral border of the forearm of the dominant 

arm over the distribution of the superficial radial nerve. These points corresponded to 

acupoint of large intestine 6 (LI 6 = 3 cun above LI5, on the radial end of the dorsal 

crease of the wrist, ) and large intestine 10 (LI 10 = 2 cun below LI11, when the elbow 

was flexed to form a right angle, the point was at the middle of the line joining the 

lateral end of the transverse cubital crease and the lateral epicondyle of humerus).  

2. The extrasegmental site was the area anterior and inferior to fibular head 

over acupoint of gall bladder 34 (GB 34) and the middle of leg on the anterior border 

of the fibular (GB 36 = 7 cun above the tip of the external malleolus, on the anterior 

border of fibula). 
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Cun was the finger measurement that the length or width of patient’s finger 

were taken as a standard for point location. 

Thumb measurement : the width of interphalangeal joint of the patient’s thumb 

was taken as “1  cun”. 

Four-finger measurement : the width of four fingers (index, middle, ring and 

little) brought close together side by side at the level of the dorsal skin crease of  

proximal interphalangeal joint was taken as 3 cun. 

           

      
   Figure 3.3 Position of electrode on the arm. 

 

 
Figure 3.4 Position of electrode on the leg. 
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All subjects had electrodes placed at both stimulation sites. 

Two electrodes of the first channel were attached on the segmental (forearm) 

site, one electrode was placed directly over LI6 and the other was placed over LI10.  

For the second channel, one electrode was placed directly over GB34 and the other 

one was placed over GB36 on the dominant leg.   

 

Intervention  

 There were 4 experimental groups receiving TENS stimulation on different 

sites as follows: 

  Group 1 Sham stimulation  

Group 2 Stimulation segmental (on forearm) 

Group 3 Stimulation extrasegmental (on leg) 

Group 4 Stimulation combination (on forearm and leg) 

 Subjects in all groups were told that they might or might not feel a buzzing or 

tingling sensation beneath one or both of the electrodes. Then the intensity was 

increased until reaching a “strong paraesthesia, non-painful with no muscle 

contraction” level. The duration of stimulation was 30 minutes.  

 

Pressure Pain Threshold Measurement  
The PPT measurement point was marked on the dorsum of hand, web space 

between the first and second metacarpal bones, at the level of the middle of the second 

metacarpal bone. This area innervates by the superficial radial nerve and corresponds 

to acupoint (LI4).  

The subject was explained about the feeling and then after instructed about the 

PPT measurement, the subjects was given a demonstration on the non-dominant hand. 

PPT was the amount of pressure required to produce a sensation of pain distinct from 

pressure or discomfort (17).  Subjects were asked to inform the researcher 

immediately when a sensation of pain provoked. The researcher would immediately 

retract the algometer. The first PPT measurement was made before switching on the 

TENS unit and the second PPT measurement was made immediately after the 30 

minutes of TENS stimulation (for each of PPT measurements is three times). 

(Appendix F)  
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Figure 3.5 Pressure pain threshold measurement. 

 

Data analysis 
 The averages of three times of PPT measurements were used for analysis. The 

statistical analyses of the data were performed by using SPSS/PC for Microsoft 

Windows releases 10.5 program. The level of statistically significant difference for all 

analyses was set of p-valve less than 0.05 (p < 0.05) 

1. The Kolmogorov Smirnov Goodness of Fit test was used to test for the 

distribution of the data. 

2. The paired t-test was used to identify differences the PPT values between 

before and after 30 mintues of TENS stimulation in each groups. 

3.  One way ANOVA with post hoc multiple comparisons was used to identify 

differences in PPT changes between groups.  
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Subjects who met the criteria / agreed to participate / signed 
informed consent 

All subjects were randomly allocated into 4 groups, 
i.e., sham, stimulation at arm only, at only leg and 

both arm and leg 

Four electrodes were attached on the segmental 
and extrasegmental stimulation sites of subjects in 

all groups 

Subjects were informed about the sensation 
before TENS stimulation 

TENS stimulation or sham procedure 
was performed 30 minutes 

PPT were measured before TENS 
stimualtion 

PPT after TENS stimulation, measured 
immediatedly 

Subjects were interviewed for general health following 
exclusion criteria. 

 

 

                                        Figure 3.6 Procedure of the study. 
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CHAPTER IV 

RESULTS 

 
 Subjects in this study were 60 healthy females, age between 18 and 35 years old.  

They were randomly allocated into 4 groups (15 persons each group) according to the 

interventions received i.e., sham group, stimulation at arm only, stimulation at leg only 

and stimulation at both arm and leg. 

 

4.1 Characteristics of Subjects 

 Means and standard deviations (SD) of age, weight and height of subjects are 

presented in Table 4.1.  All 3 parameters were similar among all groups. 

 

Table 4.1 General characteristics of subjects 

 
Mean ± SD  

Characteristics Sham       
(n =15) 

Arm        
(n = 15) 

Leg         
(n = 15) 

Arm & Leg 
(n = 15) 

 Age (year)   26.13±3.68  25.40±3.54  27.33±4.20  27.73±6.04 
 

 Weight (kg)   52.33±8.78  48.86±6.17 57.40±22.66  54.33±12.40 
 

 Height (cm)  156.66±6.39 159.00±5.85 158.66±4.60  157.80±4.24 
 

 

group 1 = sham group,  group 2 = TENS stimulation at arm only,  group 3 = TENS stimulation at leg only, 

and group 4 = TENS stimulation at both arm and leg 

 
All parameters were tested for normal distribution by Kolmogorov Smirnov 

Goodness of fit test.  The data found to be normally distributed (p< 0.05). 

 

 



Fac. of Grad. Studies, Mahidol Univ.                                                                 M.Sc. (Physical Therapy) / 31 

4.2 Pressure Pain Threshold (PPT) before TENS stimulation  

The mean and SD of PPT before TENS application were 14.24 ± 2.81 N, 

12.12±2.85 N, 13.14 ± 3.10 N and 12.31 ± 2.82 N for group 1, 2, 3 and 4 respectively. 

One-way ANOVA showed no significant differences of the PPTs among four groups. The 

results are shown in Figure 4.1.  

 

 

PPT (N)

12.3113.1412.12
14.24

0
3
6
9

12
15

sham arm leg arm&leg Group

PPT

 
Group 1 = sham group, group 2 = TENS stimulation at arm only, group 3 = TENS stimulation at leg only, 

and group 4 = TENS stimulation at both arm and leg 

Significant difference at p < 0.05 

Figure 4.1 Pressure Pain Threshold before TENS stimulation.  

 
 
4.3 Pressure Pain Threshold (PPT) after TENS stimulation  

The mean and SD of PPT after TENS application were 14.44 ± 2.76 N, 18.00 ± 

2.76 N, 17.38 ± 3.25 N and 19.51 ± 1.87 N for group 1, 2, 3 and 4 respectively. The 

results of one-way ANOVA showed significant differences among 4 groups.  The post-

hoc multiple comparison from Bonferroni adjustment was then performed.  The analysis 

showed that group 1 was significantly different from all other groups.  However, there 
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were no differences among PPTs of group 2, 3 and 4.  No differences among these groups 

were due to high variability of PPT values in each subject and the number of the subjects 

was not enough to differentiate the changes of PPT in each group.  The results are 

presented in Figure 4.2. 

 
 

PPT (N)

0
4
8

12
16
20
24

sham arm leg arm&leg
Group

PPT

 
Group 1 = sham group, group 2 = TENS stimulation at arm only, group 3 = TENS stimulation at leg only 

and group 4 = TENS stimulation at both arm and leg 
* Significant difference at p < 0.05 

Figure 4.2 Pressure Pain Threshold after TENS stimulation. 

 

 

 

 

 

 

 

P= 0.004*  

P= 0.026* 

P< 0.001* 
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4.4 The changes of pressure pain threshold (PPT) within-group  

The pair t-test was used to compare PPTs at before and after TENS application in 

each group.  There was no significant difference for group 1.  Another groups were 

significantly different (p<0.001). The results are shown in Table 4.2 and Figure 4.3. 

 

Table 4.2 Mean and SD PPT at before and after TENS stimulation  

Group 1 = sham group, group 2 = TENS stimulation at arm only, group 3 = TENS stimulation at leg only, 

and group 4 = TENS stimulation at both arm and leg 
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Group 1 = sham group, group 2 = TENS stimulation at arm only,  group 3 = TENS stimulation at leg only, 

and group 4 = TENS stimulation at both arm and leg 

** Significant difference at p < 0.001 

Figure 4.3 Pressure Pain Threshold at before and after TENS stimulation. 

Group Mean of PPT 
 Before After 

 p-value 

group 1 (sham) 14.24 (2.81) 14.44 (2.76) 0.153 
group 2 (arm) 12.12 (2.85) 18.00 (2.76) <0.001**
group 3 (leg) 13.14 (3.10) 17.38 (3.25) <0.001**
group 4(arm and leg) 12.31 (2.82) 19.51 (1.87) <0.001**
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4.5 The Comparisons of changes of Pressure Pain Threshold (PPT)  between groups 

The means and SD of PPT changes (after - before) in each group are presented in 

Table 4.3.  One-way ANOVA showed significant differences of PPT changes between 

groups.  The post hoc multiple comparisons with Bonferroni adjustment revealed that 

changes of PPT in all groups were statistically significant differences (p<0.05).  The 

results are shown graphically in Figure 4.5. 

 

 

Table 4.3 Mean difference of PPT  

changes  

 

Group PPT changes  in newton 
(SD) 

group 1 0.2  (0.5) 
group 2 5.88 (0.8) 
group 3 4.23 (0.69) 
group 4 7.2 (1.28) 

 

group 1 = sham group,  group 2 = TENS stimulation at arm only,  group 3 = TENS stimulation at leg only, 

and group 4 = TENS stimulation at both arm and leg 
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* Significant difference at p < 0.05 

Group 1 = sham group, group 2 = TENS stimulation at arm only,  group 3 = TENS stimulation at leg only, 

and group 4 = TENS stimulation at both arm and leg 

Figure 4.4 Changes in Pressure Pain Threshold following TENS stimulation.  
 

 

 

P< 0.001*  

P< 0.001*  P< 0.001*  

P< 0.001*  

P< 0.001*  

P< 0.001*  
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CHAPTER V 

DISCUSSION 

 
 Transcutaneous electrical nerve stimulation (TENS) is mainly used for pain 

relief by mean of electrical stimulation on peripheral nerves via skin surface 

electrodes.  Acupuncture has been used against diversified types of pain for thousands 

of years.  TENS and acupuncture had the same purpose to relief pain. Wang et al 

suggested that TENS produced similar effect as electroacupuncture (14), therefore, 

several studies had applied TENS using acupoints as the electrode placements 

(7,9,15,16). 

  

This study had the aim to determine the effect of stimulation sites of TENS on 

pressure pain threshold (PPT) in asymptomatic females.  TENS in this study were 

applied on the acupoints chosen according to relationship between meridians on arm 

and leg. There are several factors which may have effects on the results of this study.  

Those factors are disscussed as follows: 

 

5.1 Subject and Method 

The advantages of experimental pain are accurate quantification of nociceptive 

input, reduction of social, ethical and environmental factors, convenience and 

homogeneity of experiment design (55).  There are 6 stimuli used to induce pain in the 

experiments i.e., heat, cold, ischemia, chemical agent, electrical stimulation and 

pressure.  However, the thermal, ischemic and chemical pain require a careful 

laboratory procedure to avoid potential tissue damages (55,56).  The electrical elicited 

pain could also interfere the effect of TENS which might mislead the evaluation of 

pain information.   

  

The present study used the mechanical pain stimulation by mean of the 

pressure pain threshold (PPT) assessment.  The advantages of mechanical pain 

measurement are controllability, adequate range of threshold, minimal damage to 
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tissues, clear cut perception of pain and convenience of application. The PPT 

measurement in the present study was to press perpendicularly onto the skin on the 

dorsum of hand at the web space area between the first and second metacarpal bones, 

at the level of the mid of the second metacarpal bone.  This was the same standardized 

method as used in the study of Fischer in 1986 (27). The measurements were done in 

the comfortable upright sitting position and quiet room.  This position was used to 

allow complete relaxation of subjects. Fischer (54) and Cornwall in 1988 (41) 

suggested that it was important to have the subjects relaxed, since tension or anxiety 

could make the value of PPT invalid. 

 

Psychological factors describing such as anxiety and fear might decrease the 

pressure pain threshold (41).  This factor was controlled by 1) describing the whole 

procedure to the subject, 2) confirming that pressure pain threshold (PPT) 

measurement would not induce tissue injury, 3) demonstrating PPT measurement 

above the dorsum of hand, web space between the first and second metacarpal bones, 

at the level of the middle of the second metacarpal bone to let the subject learn the 

feeling obtained during PPT measurement and 4) placing subjects in a quiet room 

without other people. 

 

The rate of pressure application is an important variable.  Jensen and associates 

in 1986 (28) suggested that the pressure application rate should be slow enough to 

allow the subject to accurately indicate PPT.  The slow rate produces reliable higher 

scores resulting from the temporal summation of painful impulses.  Futhermore, using 

fast application rates is difficult to ensure a constant rate of pressure application by 

visual feedback from the algometer and the subjects would not be able to indicate pain 

within short time.  Therefore, Jarumanokul suggested the suitable pressing rate for 

PPT measurement (34).  She found that the reliability of the pressing velocity of 0.5 

kg/s was higher than the pressing rate of 1.0 kg/s.  This rate was also suitable for the 

subject to detect the pain (29).   

  

The tip area of pressure algometer is also an important variable.  Fischer in 

1986 (27) suggested that the tip area of 0.5 cm2  was suitable for pain measurement on 
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skin and Defrin in 2003 (36) suggested that PPT decreased significantly with the 

increase in the stimulus area from 0.5 to 2 cm2 diameter.  Therefore, the present study 

used the tip area of 0.5 cm2 because this tip area is suitable with the area of PPT 

measurement. 

 

 The pilot studies were done to test the quality of measurement; accuracy and 

reliability.  The accuracy of pressure algometer pressed at the velocity rate of 5 N/sec 

was proven (Appendix F).  The intratester reliability of the first PPT measurement and 

the second PPT measurements were good (0.9638 and 0.9793 respectively).  The 

repetitions for 3 times of 2 sessions PPT with 30 minutes interval indicated that there 

was no statistically significant difference (p=0.438) in pressure pain threshold.  The 

results suggested that the pressure applied during measurements did not damage 

tissues and had no effect on the evaluation of the pressure pain threshold.   

  

The present study attempted to control as many influencing factors of the 

pressure pain threshold (PPT) as possible.  The controlled factors were age, gender 

and body size.  The means of age, weight and height of subjects in all groups in the 

present study were similar.  The hand dominance was also the controlled factor 

because the pressure algometer were applied on the dominant hand.  
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5.2 Pressure Pain Threshold (PPT) among 4 groups before TENS appplication 

 The results of mean and SD of PPT before TENS application showed no 

significant differences among 4 groups.  This results indicated that the value of PPT 

before TENS application among subjects in 4 groups were similar which meant all 

subjects would have the comparable started value of PPT. 

 

5.3 Pressure Pain Threshold (PPT) among 4 groups after TENS appplication 

 After TENS application, this study showed that the PPT of group 1 was 

significant diffference from all other groups. However, there were no significant 

differences among PPT of group 2, 3 and 4.  The results showed that the value of PPT 

in group 1 (sham) differed from the other groups.  From figure 4.2, group 1 had the 

value of PPT less than all the other groups. This indicated that TENS group 2, 3 and 4 

had the effect of increasing PPT, whereas, the sham application in group 1 did not 

have effect on PPT. 

 

5.4 The Comparison of Pressure Pain Threshold (PPT) between before and after 

TENS Application 

The mean differences of PPT (after – before) in subjects in each group.  This 

study found no statistically significant difference between before and after TENS 

application in group 1 (sham), however, there were statistically significant differences 

between before and after TENS application for group 2 (arm), group 3 (leg) and group 

4 (arm and leg) (Table 4.2).  These comparisons indicated that TENS caused changes 

of PPT in asymptomatic subjects.  This result is in agreement with the previous studies 

(8,16,20) which showed the same trend that pressure pain threshold (PPT) or sensory 

threshold increased after TENS stimulation. 

 

Chesterton et al in 2002 (16) studied effects of TENS parameters on the 

mechanical pain threshold in healthy subjects and found that both low and high 

frequency TENS significantly increased mechanical pain threshold during and after 

stimulation.  The study of Mima et al (8) about the short-term high frequency TENS 

indicated that TENS increased sensory thresholds around the site of stimulation. The 

author suggested that the elevation of the post-TENS paraesthesias might cause by the 
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ongoing activity in peripheral nerve fibers.  Kofler et al in 2004 (20) investigated the 

cutaneous silent period (CSP), a spinal inhibitory reflex mediated by A-δ fibers in 

healthy subjects, after applying high-frequency TENS. The researchers found that 

high-frequency TENS exerted an influence on both inhibitory and excitatory circuits 

involving in protective reflexes.  These effects were mediated at the spinal segmental 

level which TENS associated presynaptic inhibition of nociceptive A-δ fibers. 

 

Three subjects in the sham group has negative values of the mean difference in 

pressure pain threshold before and after TENS as showed in Table H2 (Appendix H).  

These values indicated the decrease in subject’s pressure pain threshold and as the 

result, the subject would feel pain with less pressure applied. 

 

The negative values of pressure pain threshold in sham group may result from 

the changes of soft tissues sensitivity when applied with pressure algometer which 

were found in few subjects in this group.  However, the result of pilot studies of the 

repetitions for 2 sessions PPT measurements with 30 minutes interval showed no 

statistically significant difference in pressure pain threshold.  The result indicated that 

the pressure algometer have no effect on the evaluation of the pressure pain threshold 

and might not damage the tissues pressed.  Therefore, the negative values of the few 

subjects from 15 subjects in sham group presented no effect for major group when 

performing statistical analysis. 

 

5.5 Mechanism of TENS Effects on Pressure Pain Threshold 

The results of increased PPT after stimulation in group 2, group 3 and group 4 

might be explained by the mechanism of Gate Control Theory by Wall and Melzack 

(1).  According to the theory, the stimulation of large diameter myelinated afferent 

nerve fibers (Aβ fibers) causes the conveying of  input to excite the substantia 

gelatinosa cells in dorsal horn of the spinal cord which would inhibit the action of 

transmission cells derived from the small diameter fibers (Aδ and C fibers).  The gate 

would then close. 

 



Fac. of Grad. Studies, Mahidol Univ.                                                          M.Sc. (Physical Therapy) / 41 

Other than the Gate Control Theory, the effect of TENS might also be 

explained by the release of endogenous opioids such as dynorphins (3,57,58). 

 

To select locations of electrode placement in TENS application for pain relief,  

Manheimer (44) suggested different areas as follows: 1) the painful region, 2) 

dermatome, 3) spinal cord segment, 4) peripheral nerves and 5) specific placement 

point such as acupuncture points, motor points and trigger points.  Furthermore, 

Manheimer reported that many acupuncture points were also located over superficial 

branches of peripheral nerves and these points might be located at regions having 

decreased skin resistance and a high-density input to the CNS (44). 

  

The present study used acupuncture point to place the electrodes for TENS 

application.  The acupuncture points may be appropriated for this purpose because 

they had greater number of larger diameter afferent nerve fiber being stimulated and 

lower skin impedance (44,59,60). 

 

5.6 Effect of TENS application for Pressure Pain Threshold of group 2 (TENS 

stimulation on forearm only) 

 In group 2, electrodes were placed on the lateral border of the forearm of the 

dominant arm over the distribution of the superficial radial nerve.  These points 

correspond to acupoint LI6 and LI10.  The electrodes placement resulted in direct 

stimulation of the superficial radial nerve which supplied the area that the pressure 

pain threshold was measured. In addition, this stimulation site correspond to the 

acupoint which might be located in a region having decreased skin resistance causing 

high density stimulating current to the afferent nerve (23,44).  The area might also had 

high density of nerve fibers. These points can thus be used effectively for the 

electrodes placement. 

 

5.7 Effect of TENS application on Pressure Pain Threshold in group 3 (TENS 

stimulation on the leg only) 

In group 3 the electrodes placements were on the area anterior and inferior to 

fibular head which was the acupoint of gall bladder 34 (GB 34) and the middle leg on 
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the anterior border of the fibular which was acupoint GB 36.  The acupoint GB 34 was 

reportedly an analgesic acupoints (16).  The possible mechanism of the increased pain 

threshold after stimulating these sites might be the descending inhibitory system from 

periaqueductal grey and rostral ventromedial medulla mediate analgesia through 

opioid, adrenergic and serotonin receptors spinally (2,64,65). Especially the release of 

dynorphin, an endogenous opioid peptide, contained  pleasure producing and 

substance causing pain alleviation. The results of this group was supported by many 

researches (7,9,15,16) that used the analgesic acupoints at leg i.e. GB 34 or ST 36 for 

increase pain threshold. 

 

This explanation was supported by several studies (3,57,58).  The study by 

Han in 1991(3) found that high frequency TENS application increased the dynorphins 

level in the spinal cord. Zhang in 2003 (57) studied the relationship between the brain 

network activation and analgesic effect induced by low and high frequency electrical 

acupoint stimulation.  The author found that high frequency electrical acupoint 

stimulation (EAS) correlated with the areas specifically response in the 

aforementioned brain areas by using functional magnetic resonance imaging. The 

initiation analgesia effect of this brain area might be due to activation of the 

dynorphin-kappa receptor pathway. 

 

In addition, the skin resistance at the stimulation sites of group 3 were also 

correspond to acupoints, therefore these sites could be used quite effectively for 

electrode placements having decreased skin resistance, the areas caused high density 

stimulating current on the afferent nerve and might also have high density of nerve 

fibers (23,44).   

 

5.8 Effect of TENS application for Pressure Pain Threshold in group 4 (TENS 

stimulation on both arm and leg) 

 In group 4, TENS stimulation were applied on both arm and leg at the 

stimulation sites corresponding to acupoint LI 6 and LI10 at arm and GB34 and GB36 

at leg.  Therefore, two possible mechanisms effected pain threshold were the gate 

control theory (1) and the release of endogenous opioids such as dynorphins.  
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Since the stimulation sites in group 4 were the combination of group 2 and 

group 3, therefore, a greater effect of increase PPT were found.  The more increment 

of PPT in group 4 might be the result of the combination of two pain alleviation 

mechanisms.  Moreover, TENS stimulation at both sites had spatial summation of 

number of impulses in dorsol column.  These impulses transmit through large fibers to 

activate central inhibitory mechanism that descends to modulate pain-transmission 

neurons within the dorsal horn.  In addition, the acupoint GB34 chosen in this study 

was an analgesic acupoints (16,55).  

 

Chesterton et al in 2002 used the combining stimulation sites on arm and leg 

with were the acupoints.  However, the points applied did not have relationship 

between meridian.  The results showed increased PPT after stimulation, however, the 

mean difference of PPT changes in Chesterton study was lesser than the changes in the 

present study. 

 

.   The arm and leg acupoints in this study were chosen according to the 

relationship between meridians on arm and leg.  This meridian system was suggested 

to relate skin conductance which was supported by the finding of high density of gap 

junctions at the epithelia of the acupuncture points which would have higher electrical 

conductivity (25).  The use of meridian connection in this study could be associated 

with the additional effects of PPT changes in group 4. 

 

5.9 Suggestion and Further Study   

The increments of PPT in group 3 and group 4 need more investigations to 

further explore both the explanations and clinical implication. 

The mechanism of the pain relieving effect of the TENS application on 

acupoints are still equivocating.  The theories used for explanation need more 

verification from studies in both vivo and vitro. 

There are also many other acupoints which would be applicable for TENS and 

the comparisons among these stimulating points would be warranted.  The further 

study may investigate the stimulation sites by choosing the other acupoints compared 

with the results of this study. 
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The stimulation may also apply to patients with pain in clinic which might 

demonstrate different patterns of pressure pain threshold changing from the 

asymptomatic subjects in this study. 

 Beside, the stimulation site is only one of several parameters which could 

affect the results.  There are still other paremeters of the stimulation.  For example, 

this study used only high-frequency TENS while low-frequency TENS may give 

different effects. 
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CHAPTER VI 

CONCLUSION 

 
 The present study compared pressure pain threshold at Li 4 (Hegu) acupoint 

before and after the application of TENS at the acupoint stimulation sites following 

the relationship between meridians on forearm and leg in asymptomatic subjects. 

 

 Subjects in this study were 60 healthy females.  Means and standard deviations 

of age, weight and height were 26.6 ± 4.46 years, 53.2 ± 13.98 kg. and 158 ± 5.29 cm., 

respectively.  All subjects were right hand dominant.  They were randomly allocated 

into 4 groups (15 persons in each group) according to the intervention received. The 

first group was sham stimulation, the second group was stimulated at arm only, the 

third group was stimulated at leg only and the forth group was stimulated at both arm 

and leg. The duration of sitmulation was 30 minutes and pressure pain threshold 

measurements were performed before switching on TENS unit and immediatedly after 

the stimulation. 

 

The results could be concluded as followings: 

 

1. There were no significant differences for pressure pain Threshold (PPT) 

before TENS applications among 4 groups.  These results showed that all subjects had 

equal starting level of PPT.  

  

2. After TENS application, the results showed that group 1 (sham group) was 

significant diffferent with all other groups but there were no significant differences 

among PPT of group 2 (stimulation at only arm), 3 (stimulation at only leg) and 4 

(stimulation both arm and leg). The results indicated that TENS stimulation in group 

2, 3 and 4 had effected on PPT. 
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3. There was no statistically significant difference for (PPT) between before 

and after TENS application in group 1 (p<0.05). However, there were statistically 

significant differences for PPT of before and after TENS applications in group 2, 

group 3 and group 4 (p<0.05). These results showed the effect of TENS stimulation on 

PPT in asymptomatic subjects. 

 

 4.  There were statistically significant differences for the changes in pressure 

pain threshold (PPT) among 3 groups of electrode placement of TENS stimulation 

(p<0.05); stimulation at arm only, stimulation at leg only, and stimulation at both arm 

and leg.  TENS stimulation both arm and leg gave a greater effect of increase PPT 

than stimulation at arm only and stimulation at leg only.  These results might show 

two possible mechanisms affected pain threshold i.e., the gate control theory and the 

release of endogenous opioids. 
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APPENDIX B 
 
 

 
 

 
วันที…่………………………… 

ช่ือ…………………………………………………… 
นามสกุล……………………………………………... 
อายุ…………….ป   เพศ………………..     อาชีพ………………. 
น้ําหนกั……………………กิโลกรัม  
สวนสูง……………………เซนติเมตร 

กรุณาอานโดยละเอียดแลวขีดเครื่องหมาย √ ในชองสี่เหลี่ยมหนาขอความและเขียนคําตอบ
ลงในชองวาง 
1. ทานถนัดใชมือขางใดในการเขียนหนังสือ, แปรงฟน, กวาดบาน 
   ขางขวา    ขางซาย 
2. ประวัติการเจ็บปวย 

2.1 ทานมีโรคประจําตวัหรือไม 
     มี  โรค………………………………………. 
    ไมมี 

2.2 ทานเคยไดรับอุบัติเหตุของแขนหรือขาหรอืไม 
    เคย  อุบัติเหตุอะไร……………………. เมื่อใด……………………………… 
    ไมเคย 

2.3 ทานเคยไดรับการผาตัดบริเวณแขนหรือขาหรือไม 
    เคย  บริเวณใด……………………………… 
    ไมเคย 

2.4 ทานเคยมีอาการชา, ออนแรง หรือ ปวดของแขนหรือขามากอนหรือไม 
    เคย  บริเวณใดและเมื่อไร…………………………………………………….. 
    ไมเคย 

  

แบบสอบถามสําหรับผูเขารวมการวิจัย 
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 2.5  ปจจุบันทานมีอาการชา, ออนแรง หรือ ปวดของแขนหรือขามากอนหรือไม 
    มี  สวนใดและขางใดของรางกาย……………………………………………... 
    ไมมี 

        เมื่อทานมอีาการปวดทานทําอยางไร 
    รักษาดวยตัวเองโดยการ…………………………….………………………… 
    ปรึกษาแพทย  หากทานไดรับการรักษา  ทานไดรับอะไรบาง………………... 
    อ่ืนๆ (ระบุ)…………………………………………………………………… 

3.ในชวง 1 วันที่ผานมา ทานไดรับประทาน หรือฉีดยาลดปวดลดไขหรือไม 
    รับประทาน / ฉีด 
    ไมไดรับประทาน / ไมไดฉีด 

    ในชวง 1 วนัที่ผานมา ทานไดทายาที่มีผลลดปวด  หรือลดอักเสบบางหรือไม 
    ทา 
    ไมไดทา 

4. ปจจุบันทานมีปญหาเกีย่วกับการไดยนิหรือไม 
    มี อยางไร…………………………………………… 
    ไมมี 

5. ปจจุบันทานมีภาวะการตั้งครรภหรือไม 
    มี 
    ไมมี 

6. ปจจุบันทานมีประจําเดือนหรือไม 
    มี 
    ไมมี 

7. ทานเคยรูจกัหรือเคยไดรับการรักษาดวยเครื่องกระตุนเสนประสาทดวยไฟฟาผานผิวหนังมากอน
หรือไม 

    เคย 
    ไมเคย 
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APPENDIX C 
 
 
 

 
 

ในเอกสารนี้อาจมีขอความที่ทานอานแลวยังไมเขาใจ โปรดสอบถามหัวหนาโครงการวิจัย หรือผูแทนให
ชวยอธิบายจนกวาจะเขาใจดี ทานอาจจะขอเอกสารนี้กลับไปอานที่บานเพื่อปรึกษาหารือกับญาติพี่นอง เพื่อนสนิท 
แพทยประจําตัวของทาน หรือแพทยทานอื่น เพื่อชวยในการตัดสินใจเขารวมการวิจัย 
 
ชื่อโครงการ                      ผลการวางตําแหนงขั้วกระตุนของเครื่องกระตุนเสนประสาทดวยไฟฟา

ผานผิวหนังตอระดับกั้นความเจ็บปวดจากแรงกดในผูหญิงที่ไมมีอาการ                    

หัวหนาโครงการ  นางสาวสุดารตัน  บริสุทธิ์ 
สถานที่วิจัย  หองวิจยั ตึกศรีสังวาลย ช้ัน 4 โรงเรียนกายภาพบําบัด คณะแพทยศาสตร- 
   ศิริราชพยาบาล 

  หองวิจยัช้ัน 3 คลินิกกายภาพบําบัด โครงการจัดตั้งคณะกายภาพบําบัด

    และวิทยาศาสตรการเคลื่อนไหวประยกุต มหาวิทยาลัยมหิดล 

ผูใหทุน   ไมมี 

โครงการวิจัยนี้ทําขึ้นเพื่อศกึษาถงึผลของการวางตําแหนงขั้วกระตุนโดยประยุกตใชจุด
ฝงเข็มในการกระตุนดวยเครื่องกระตุนเสนประสาทดวยไฟฟาผานผวิหนัง โดยพจิารณาถึงผลของ
ระดับกั้นความเจ็บปวดกอนและหลังการกระตุนดวยเครื่องกระตุนเสนประสาทดวยไฟฟาผาน
ผิวหนังเปนเวลา 30 นาทีตอการกระตุน 1 คร้ัง ซ่ึงประโยชนที่คาดวาจะไดรับคือการนําผลศึกษาที่
ไดมาพัฒนาวธีิการวางตําแหนงขั้วกระตุนเพื่อชวยในการเพิ่มระดับกัน้ของความเจบ็ปวดไดและ
สามารถนําไปศึกษาตอเพื่อประยุกตใชในการลดอาการเจ็บปวดในผูปวยทางคลินิก
กายภาพบําบัดได ทานไดรับเชิญใหเขารวมการวจิัยนี้เพราะทานเปนผูหญิงที่มีสุขภาพปกติสามารถ
เขาใจและปฏิบัติตามคําส่ังไดอยางถูกตอง 

เอกสารชี้แจงอาสาสมัครผูเขารวมการวิจัย 
(Participant information sheet) 
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เมื่อทานเขารวมการวิจยัแลว ส่ิงที่ทานจะตองปฏิบัติตามขั้นตอนการดําเนินการวิจยั 
ดังตอไปนี ้
 

1. ขั้นตอนการเตรียมการ 
ผูวิจัยทําการอธิบายวัตถุประสงค, ขั้นตอนการศึกษา, และประโยชนของการวิจยันี้ จากนั้น

ผูเขารวมการวจิัยลงนามในใบยินยอมเขารวมวจิัย 
ผูวิจัยสัมภาษณประวัติทั่วไปและประวัตคิวามเจ็บปวยที่มีผลกระทบจากการกระตุนดวย

เครื่องกระตุนเสนประสาทดวยไฟฟาผานผวิหนังลงในแบบบันทึกประวัติสุขภาพ   
2. ขั้นตอนการเก็บขอมูล 

       ผูวิจัยจะอธิบายขั้นตอนการกระตุนดวยเครื่องกระตุนเสนประสาทดวยไฟฟาผานผิวหนัง โดยมี
รายละเอียดของการกระตุนดงันี้ 

2.1 การเตรียมผูเขารวมการวจัิย 
- ผูเขารวมการวิจัยนั่งอยูในทาที่สบายบนเกาอ้ีที่มีพนักพิง กอนการวางตาํแหนงขัว้กระตุนที่

บริเวณแขนและขาขางที่ถนัดจะมกีารทําความสะอาดบรเิวณดังกลาวดวยแอลกอฮอล ผูเขารวมการ
วิจัยจะไดรับการวางขั้วกระตุนทั้งหมด 4 ขั้วกระตุน โดยมีที่บริเวณแขน 2 ขั้วกระตุนและบริเวณขา 
2 ขั้วกระตุน ดงันี้  

 บริเวณแขน 
- ตําแหนงจุดฝงเข็มแอลไอ 6 (LI 6) อยูที่บริเวณ 4-5 เซนติเมตร เหนือตอขอมือในทาทีแ่ขนอยูใน

ลักษณะหงายฝามือ  
- ตําแหนงจุดฝงเข็มแอลไอ10 (LI 10) อยูทีบ่ริเวณ 2-3 เซนติเมตร ใตตอปุมกระดูกดานนอกของ

ขอศอก เมื่อแขนอยูในลกัษณะคว่ํา 
บริเวณขา 

- ตําแหนงจุดฝงเข็มจีบี 34 (GB 34) อยูที่บริเวณ ดานขางของหนาแขง 
- เปนตําแหนงทีอ่ยูใตตอตําแหนงจุดฝงเข็มจบีี 34 (GB 34)  เปนระยะ 2 เซนติเมตร 
 หมายเหต:ุ ตําแหนงการติดขั้วกระตุนแสดงดังรูปที่แนบไวขางทาย 

2.2 การกระตุนดวยเคร่ืองกระตุนเสนประสาทดวยไฟฟาผานผิวหนงั  
- ผูเขารวมการวิจัยจะไดรับการกระตุนดวยเครื่องกระตุนไฟฟาผานผิวหนังเปนระยะเวลา 30

นาทีตอการกระตุน 1 คร้ัง โดยผูเขารวมการวิจัยจะไดรับการบอกกลาวจากผูวิจยัวาอาจจะมี
ความรูสึกหรือไมมีความรูสึกภายใตขั้วกระตุนทั้ง 4 ขั้วกระตุนกไ็ด 
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- ผูเขารวมการวิจัยจะไดรับการจัดลําดับการสุมใหไปอยูในกลุมใดกลุมหนึ่งของการวจิัยโดย
ที่ผูเขารวมการวิจัยจะไมสามารถทราบวาตนเองจะไดอยูกลุมใด 

2.3 การวัดระดับกั้นความรูสึกเจ็บปวดดวยเครื่อง เออรโกมิเตอร คอมมานเดอร 

 เครื่องมือที่ใชในการทดสอบระดับกัน้ความเจ็บปวดคือเครื่องเออรโกมิเตอร คอมมานเดอร 
ขอมูลที่ไดจากเครื่องเออรโกมิเตอร คอมมานเดอร คือ ปริมาณแรงที่กดจนถึงระดับที่ทําใหผูเขารวม
การวิจยัเกดิความรูสึกเจ็บหรือความรูสึกไมสบาย มีหนวยเปน นิวตัน 

 วิธีการกดเครื่องเออรโกมิเตอร คอมมานเดอร จะใชอัตราการกด 5 นิวตันตอวินาที โดยมี
พื้นที่หนาตัดของตัวกด 0.5 ตารางเซนติเมตร 
 ตําแหนงทีใ่ชในการวดั คือ บนจุดฝงเขม็แอลไอ (LI4) ซ่ึงอยูบริเวณกลามเนื้อระหวาง
นิ้วโปงและนิว้ช้ีบนหลังมือ กอนการวัดระดับกั้นความเจบ็ปวดจริงจะมกีารอธิบายวาเมื่อผูวิจัยเร่ิมใช
เครื่องกดทันททีี่ผูเขารวมการวิจัยรูสึกเจ็บหรือมีความรูสึกที่ไมสบายใหกดกริ่งเปนสัญญาณแลว
ผูวิจัยหยดุการกดทันที พรอมทั้งอานคาที่ไดจากเครื่อง และทําการฝกผูเขารวมการวจิยักอนโดยการ
ทดลองกดเครือ่งเออรโกมิเตอร บริเวณตาํแหนงกลามเนื้อระหวางนิว้โปงและนิ้วช้ีบนหลังมือหรือ
บนจุดฝงเข็มแอลไอ(LI4) ของมือขางที่ไมถนัดกอนโดยกด 3 คร้ัง เพื่อใหผูเขารวมการวิจยัไดเขาใจ
วิธีการปฏิบัติอยางถูกตองกอนการศึกษาจริง 

 เมื่อผูเขารวมการวิจัยไดรับการติดขั้วกระตุนทั้ง 4 ขั้วเรียบรอยแลวจะทําการวัดระดับกัน้
ความเจ็บปวดดวยเครื่องเออรโกมิเตอร คร้ังแรก โดยวดั 3 คร้ังติดตอกัน แตละครั้งจะมีระยะเวลา
หางกันประมาณ 10 วินาท ีเพื่อใหไดปริมาณแรงกดจํานวน 3 คาโดยคาที่ไดทั้ง 3 คานี้จะนําไปเฉลีย่
เพื่อใหไดคาเฉลี่ยที่จะนํามาใชในการวิเคราะหขอมูล หลังจากเสร็จการวัดระดับกัน้ความเจ็บปวด
คร้ังแรกก็จะทาํการกระตุนดวยเครื่องกระตุนเสนประสาทดวยไฟฟาผานผิวหนัง (TENS) เปน
ระยะเวลา 30 นาทีและภายหลังเสร็จจากการกระตุน 30 นาที จะทําการวดัระดับกั้นความเจ็บปวดครั้ง
ที่สองทันทีอีก 3 คร้ังติดตอกัน โดยแตละครั้งจะมีระยะเวลาหางกนัประมาณ 10 วินาที  เพื่อใหได
ปริมาณแรงกด 3 คาแลวนําคาที่ไดไปเฉลี่ยเพื่อนําคาเฉลี่ยไปใชในการวิเคราะหขอมูลเชนเดียวกบั
การวัดระดับกัน้ความเจ็บปวดครั้งแรก 

การวิจยัคร้ังนีไ้มกอใหเกิดความเสี่ยงหรืออันตรายใดๆ แกผูเขารวมการวิจัย เนื่องจากผูวิจยั
จะอยูใกลๆผูเขารวมการวจิยัตลอดระยะเวลา 30 นาที ที่ทําการกระตุนเพื่อรับฟงรายงานในกรณทีี่
ผูเขารวมการวจิัยอาจจะเกิดความรูสึกไมสบายใดๆ ซ่ึงจะสามารถปดเครื่องกระตุนไดทันที โดย
ตลอดการศึกษาผูเขารวมการวิจัยจะอยูภายใตการดูแลของผูวิจัย 

หากผูเขารวมการวิจัยมีขอของใจที่จะสอบถามเกี่ยวของกับการวิจัยหรือเกิดเหตุการณไมพึง
ประสงคใดๆจากการวิจัยคร้ังนี้ สามารถติดตอสอบถามไดที่ นางสาวสุดารัตน บริสุทธิ์  โรงเรียน
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กายภาพบําบัด ภาควิชาศัลยศาสตรออรโธปดิกสและกายภาพบําบัด คณะแพทยศาสตรศิริราช
พยาบาล ตึกศรีสังวาลย ช้ัน 6 โรงพยาบาลศิริราช เบอรโทรศัพท 0-2419-7510, 0-6610-9982 ไดทุก
เวลา 

การวิจยันี้ไมมคีาตอบแทนทีจ่ะไดรับและคาใชจายที่ผูเขารวมการวจิัยจะตองรับผิดชอบใดๆ 
 หากมีขอมูลเพิม่เติมทั้งดานประโยชนและโทษที่เกีย่วของกับการวจิัยนี ้ ผูวิจัยจะแจงให
ทราบโดยรวดเร็วไมปดบัง  
 ขอมูลสวนตัวของผูเขารวมการวิจยัจะถูกเก็บรักษาไว ไมเปดเผยตอสาธารณะเปนรายบุคคล 
แตละรายงานผลการวิจัยเปนขอมูลสวนรวม ขอมูลของผูเขารวมการวิจยัเปนรายบุคคลอาจมีคณะ
บุคคลบางกลุมเขามาตรวจสอบได เชน สถาบัน หรือองคกรของรัฐที่มีหนาที่ตรวจสอบ, 
คณะกรรมการจริยธรรมฯ เปนตน 
 ผูเขารวมการวจิัยมีสิทธิ์ถอนตัวออกจากโครงการวิจยัเมื่อใดก็ได โดยไมตองแจงลวงหนา 
และการไมเขารวมการวจิัยหรือถอนตัวออกจากโครงการวิจัยนี้จะไมมผีลกระทบตอการบริการและ
การรักษาที่สมควรจะไดรับแตประการใด 
 หากทานไดรับการปฏิบัติที่ไมตรงตามที่ไดระบุไวในเอกสารชี้แจงนี้ ทานจะสามารถแจงให
ประธานคระกรรมการจริยธรรมฯ ทราบไดที่ สํานักงานคณะกรรมการจริยธรรมการวิจัยในคน ตกึ
อดุลยเดชวิกรม ช้ัน 5 ร.พ. ศิริราช เบอรโทร. (02) 419-7000 ตอ 6405 
  
 

ขาพเจาไดอานรายละเอียดในเอกสารนี้ครบถวนแลว 
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             วันที.่........เดือน............พ.ศ............. 
ขาพเจา...................................................……อายุ........................ป อาศัยอยูบานเลขที่....................ถนน...........................................

แขวง/ตําบล...........................................................เขต/อําเภอ………………………............จังหวัด..................................................................
รหัสไปรษณีย....................โทรศัพท................................. 

ขอแสดงเจตนายินยอมเขารวมโครงการวิจยั เร่ือง“ผลการวางตําแหนงขัว้กระตุนของ
เครื่องกระตุนเสนประสาทดวยไฟฟาผานผวิหนังตอระดบักั้นความเจ็บปวดจากแรงกดในผูหญิงที่ไม
มีอาการ” โดยขาพเจาไดรับทราบรายละเอยีดเกี่ยวกับที่มาและจุดประสงคในการทําวจิัยรายละเอียด
ขั้นตอนตางๆ ที่จะตองปฏิบัติหรือไดรับการปฏิบัติ ประโยชนที่คาดวาจะไดรับของการวิจยัและ
ความเสี่ยงที่อาจจะเกิดขึ้นจากการเขารวมการวิจัย รวมทั้งแนวทางปองกนัและแกไขหากเกิดอนัตราย
ขึ้น คาตอบแทนที่จะไดรับ คาใชจายทีข่าพเจาจะตองรับผิดชอบจายเอง โดยไดอานขอความทีม่ี
รายละเอยีดอยูในเอกสารชี้แจงผูเขารวมการวิจัยโดยตลอด อีกทั้งยังไดรับคําอธบิายและตอบขอ
สงสัยจากหวัหนาโครงการวิจัยเปนที่เรียบรอยแลว 

ขาพเจาจึงสมคัรใจเขารวมในโครงการวิจยันี:้ 
หากขาพเจามขีอของใจเกีย่วกับขั้นตอนของการวิจยั หรือหากเกิดผลขางเคียงที่ไมพึง

ประสงคจากการวิจัยนี้กับขาพเจา ขาพเจาจะสามารถติดตอกับนางสาวสดุารัตน  บริสุทธิ์ ที่โรงเรียน
กายภาพบําบัด ภาควิชาศลัยศาสตรออรโธปดิกสและกายภาพบําบัด คณะแพทยศาสตรศิริราช
พยาบาล ตึกศรีสังวาลย ช้ัน 6 โรงพยาบาลศิริราช โทรศัพทที่ติดตอได 24 ชม. เบอรโทร 0-6610-
9982  

หากขาพเจาไดรับการปฏิบัติไมตรงตามที่ไดระบุไวในเอกสารชี้แจงผูเขารวมการวจิยั 
ขาพเจาจะสามารถติดตอกับประธาน คณะกรรมการจริยธรรมการวิจัยในคน หรือผูแทน ไดที ่
สํานักงานคณะกรรมการ จริยธรรมการวิจัยในคน ตึกอดุลยเดชวิกรม ช้ัน 5 ร.พ. ศิริราช เบอรโทร. 
(02) 419-7000 ตอ 6405 

หนังสือแสดงเจตนายนิยอมเขารวมการวิจัย 
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ขาพเจาไดรับทราบถึงสิทธิ์ที่ขาพเจาจะไดรับขอมูลเพิ่มเติมทั้งทางดานประโยชนและโทษ
จากการเขารวมการวิจัย และสามารถถอนตัวหรืองดเขารวมการวิจัยไดทุกเมื่อ โดยจะไมมีผลกระทบ
ตอการบริการและการรักษาพยาบาลที่ขาพเจาจะไดรับตอไปในอนาคตและยินยอมใหผูวิจัยใชขอมูล
สวนตัวของขาพเจาที่ไดรับจากการวิจัย แตจะไมเผยแพรตอสาธารณะเปนรายบุคคล โดยจะนําเสนอ
เปนขอมูลโดยรวมจากการวิจัยเทานั้น 

ขาพเจาไดเขาใจขอความในเอกสารชี้แจงผูเขารวมการวจิัย และหนังสือแสดงเจตนายินยอม
นี้โดยตลอดแลว จึงลงลายมอืช่ือไว 
ลงชื่อ.....................................................ผูเขารวมการวิจัย/วันที.่.......เดือน................พ.ศ............            
(.............................................................) 
ลงชื่อ......................................................หัวหนาโครงการ/วันที.่.......เดือน....................พ.ศ............            
(.............................................................)   

ในกรณีผูเขารวมการวจิัยอานหนังสือไมออกผูที่อานขอความทั้งหมดแทนผูเขารวมการวิจยั
คือ.............................................................................จึงไดลงลายมือช่ือไวเปนพยาน 
ลงชื่อ......................................................พยาน/วันที.่.................เดือน............................พ.ศ............            
(.............................................................)   
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APPENDIX E 
ใบบันทึกคาแรงกดที่เริ่มรูสึกเจ็บ 

                                                                                               กลุมที่..........  ลําดับที่.............. 

ช่ือ..................................................................นามสกุล....................................................................... 

อายุ..................ป     น้ําหนกั...................กิโลกรัม             สวนสูง....................เซนติเมตร 

วันที่ทําการวัด..............................................        เวลาที่ทําการวัด....................................................... 

 
คาแรงกดที่เร่ิมรูสึกเจ็บกอนการกระตุนดวยเครื่อง TENS 
 
 

 
 
 
 
 
 
 
 
 
คาแรงกดที่เร่ิมรูสึกเจ็บภายหลังการกระตุนดวยเครื่อง TENS 30 นาท ี
 

         คร้ังที่ คาแรงกดที่เร่ิมรูสึกเจ็บ (N) 

1  

2  

3  

 

         คร้ังที่ คาแรงกดที่เร่ิมรูสึกเจ็บ (N) 

1  

2  

3  
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APPENDIX F 

1. RELIABILITY OF PRESSURE PAIN THRESHOLD 

MEASUREMENT 
 

Aim 

To test the intratester reliability of pressure pain threshold (PPT) measured by 

pressure algometer. 

 

Procedure 

Subjects were asked to sit on a chair with back supported in the comfortable 

position.  The researcher explained the definition of PPT and the measurement 

procedure to the subjects. Subjects were instructed in the application of pressure 

algometer and given a demonstration on the non-dominant hand. PPT is the amount of 

pressure required a sensation of pain distinct from pressure or discomfort (17).  

Subjects were asked to inform the researcher immediately when a sensation of pain 

from pressure or discomfort arrived and the researcher immediately retracted the 

pressure algometer.  After test on the non-dominant hand , the subjects were tested on 

the dominant hand 3 times.  There were 2 testing sessions with 30 minutes interval. 

The researcher practiced pressing the pressure algometer at the velocity rate of 

5 N/sec. The pressure algometer was applied on the point that was marked on the 

dorsum of right hand, between the first and second metacarpal bones at the level of the 

middle of the second metacarpal bone. The PPT of 10 asymtomatic subjects were 

measured. 

 

Data Analysis 

 The Intraclass Correlation Coeffecient: ICC (3,k) was calculated to 

demonstrate the intratester reliability. Pair t-test was used to compare the difference 

between the first and the second PPT. 
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Results 

 The PPT values of 10 subjects in the pilot studies are shown in table F1.1. 

The intratester reliability of the first PPT measurement  was 0.9638 and the 

second PPT measurement after 30 minutes interval was 0.9793 in table D1.1 

The p-value from pair t-test of 2 sessions PPT with 30 minutes interval was 

0.438. The data were shown in table D1.2 

 

Table F1.1 : PPT (N/cm2) of 2 sessions (30 minutes interval) and Intratester reliability (ICC) 

 
Order of subject 

 
Session 

 
Order of 

measureme
nt 

 
1 

 
2 

 
3 

 
4 

 
5 

 
6 

 
7 

 
8 

 
9 

 
10 

 

1st 

 

1 

 

15.80 

 

16.20 

 

16.80 

 

16.00 

 

14.00 

 

20.60 

 

20.20 

 

14.40 

 

17.60 

 

21.50 

  

2 

 

14.90 

 

14.70 

 

15.50 

 

15.80 

 

14.50 

 

19.30 

 

20.20 

 

13.80 

 

16.20 

 

21.50 

  

3 

 

15.30 

 

16.50 

 

16.00 

 

14.90 

 

14.30 

 

19.30 

 

20.60 

 

14.60 

 

17.60 

 

22.00 

  

mean 15.33 

 

15.80 

 

16.10 

 

15.57 

 

14.27 

 

19.73 

 

20.33 

 

14.27 

 

17.13 

 

21.67 

 

SD 0.45 0.96 0.65 0.58 0.25 0.75 0.23 0.41 0.80 0.28 

ICC (3,1) 0.9638 

 

2nd 

 

1 

 

16.20 

 

16.20 

 

15.50 

 

17.60 

 

14.60 

 

19.30 

 

19.80 

 

13.20 

 

17.20 

 

19.20 

  

2 

 

15.80 

 

15.50 

 

14.50 

 

17.40 

 

13.80 

 

19.00 

 

19.60 

 

12.70 

 

16.80 

 

20.60 

  

3 

 

16.00 

 

15.80 

 

15.80 

 

16.70 

 

14.00 

 

19.30 

 

20.00 

 

13.20 

 

17.10 

 

20.80 

  

mean 

 

16.00 

 

15.83 

 

15.27 

 

17.23 

 

14.13 

 

19.20 

 

19.80 

 

13.03 

 

17.03 

 

20.40 

 

SD 0.20 0.35 0.68 0.47 0.41 0.17 0.20 0.28 0.20 0.52 

ICC (3,1) 0.9793 
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Table F1.2 : PPT (N/cm2) from 2 sessions (30 minutes interval)  

   

 

Order of subject 

 

Session 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 

10 

 

p 

 

1st 

 

15.33 

 

15.80 

 

16.10 

 

15.57 

 

14.27 

 

19.73 

 

20.33 

 

14.27 

 

17.13 

 

21.67 

 

2nd 

 

16.00 

 

15.83 

 

15.27 

 

17.23 

 

14.13 

 

19.20 

 

19.80 

 

13.03 

 

17.03 

 

20.40 

 

 

0.438 

 

ICC (3,k) = 0.6792 
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2. ACCURACY OF PRESSURE ALGOMETER PRESSING AT 

THE VELOCITY OF 5 N/SEC 
 

Aim 

 To test the accuracy of pressure algometer pressing at the velocity of 5 N/sec 

by the researcher. 

 

Precedure 

 The researcher began pressing perssure algometer in accordance with a 

rhythmic signal sound of 3 beats/second while the assistant researcher started 

stopwatch.  The researcher stopped pressing pressure algometer at the same time of 

stopping the stopwatch by the assistant researcher.  The pressing time, interval 

between the starting and stopping of pressure algometer, were randomly from 1-5 

seconds.   Two values were produced from this set: 

- the pressing time (second) reading from the stopwatch  

- the force (N/cm2) reading from the monitor of pressure algometer 

The values of force were defined as the obtained values.  Then, the expect 

values were calculated from the pressing time (second) x 5 N/sec. 

 

Data Analysis 

Paired t-test was used to test the difference between expected and obtained 

values and the difference of the expected values and obtained values were calculated 

using descriptive statistic to show the amount of value differences. (minimum and 

maximum difference) 

 

Results 

The obtained and expected values of 20 sessions are shown in table D2.  

The diffeence of the expected values and the obtained values ranged from 1.00 

to 1.05 N/cm2. 

P-valued from paired t-test was 0.697 and 95% CI was (-0.3142 , 0.2092). 

 



Sudarat Borisut                                                                                                                       Appendix / 68  

Table F 2: Pressing time (sec), pressure expected values and obtained values (N/cm2) 

 

 

Order 

 

Pressing time 

(sec) 

 

Expected values 

(time x 5 N/sec) 

 

Obtained values 

(N/cm2) 

 

d 

(N/cm2) 

1 3.56 17.8 17.50 0.30 

2 1.52 7.6 8.10 -0.40 

3 3.73 18.65 17.60 1.05 

4 4.35 21.75 22.40 -0.65 

5 1.92 9.6 10.30 0.70 

6 2.52 12.6 13.20 -0.60 

7 2.63 13.15 13.80 -0.65 

8 4.22 21.1 22.10 -1.00 

9 2.94 14.7 14.60 0.10 

10 3.41 17.05 17.20 -0.15 

11 2.41 12.05 11.20 0.85 

12 1.60 8.00 8.50 -0.50 

13 3.50 17.5 17.00 0.50 

14 4.25 21.25 21.20 0.05 

15 2.61 13.05 13.20 -0.15 

16 1.76 8.8 8.40 0.40 

17 2.48 12.4 12.30 0.10 

18 3.12 15.6 15.80 -0.20 

19 3.22 16.1 16.00 0.10 

20 3.10 15.5 14.90 0.60 

 

  d = difference of Expected values and Obtaiaed values 

  p = 0.679, 95%CI = (-0.3142 , 0.2092) 

         ⏐d ⏐= 0.05 – 1.00 
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APPENDIX G 

RESULTS OF PILOT STUDY 

 
 The purpose of this pilot study was to compare pressure pain threshold 

between before and after using common clinical TENS modes stimulate at different 

sites in asymptomatic subjects. 

This study was undertaken in twenty female subjects who were randomly 

allocated into 4 groups according to the stimulation sites.  The characteristics of 

subjects were presented in Table G1. 

 The results are shown in table G2 , G3, G4 and G5.  The results are shown 

graphic in figure G1 and figure G2. 

The paired t-test showed that pressure pain thresholds were statistically 

significant differences between before and after TENS stimulation in all groups except 

control group.  One-way ANOVA with post hoc multiple comparisons identified the 

differences between groups. The PPT difference scores when using TENS stimulation 

were statistically significant differences between the control group and TENS group 2, 

3 and 4.   

 

 

Table  G 1 Characteristic of subjects 

 

 

Mean ± SD  
Characteristic Sham 

(n = 5) 
Arm 

(n = 5) 
Leg 

(n = 5) 
Arm&Leg 

(n = 5) 
Age (year) 28 ± 4.63 25.6 ± 4.33 28.6 ± 4.09 30.6 ± 7.23 

Weight (kg) 47 ± 8.66 47.8 ± 6.22 54.4 ± 10.5 50.8 ± 9.14 
Height (cm) 157.6 ± 10.06 156.4 ± 8.2 159.0 ± 7.38 159.2 ± 4.86 

Dominant hand Right = 5 Right = 5 Right = 5 Right = 5 
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Table  G 2 : Pressure Pain Threshold in sham group (n = 5) 

 

 

Table G 3: Pressure Pain Threshold in Arm group (n = 5) 

Pressure Pain Threshold ( N ) Group 

(site of stimulation) 

Subject 

before after difference  

2. Arm 1 13.5 19.2 5.7 

 2 15.96 22.63 6.67 

 3 15.43 20.2 4.77 

 4 7.86 15.4 7.54 

 5 7.66 14.16 6.5 

Mean  12.08 18.32 6.23 

SD 4.05 3.49 1.05 

 

Pressure Pain Threshold ( N ) Group 

(site of stimulation) 

Subject 

before after difference  

1. Sham 1 13.06 13.76 0.7 

 2 14.3 15.1 0.8 

 3 13 12.8 -0.2 

 4 15.93 15.1 -0.83 

 5 13.53 14.46 0.93 

Mean  13.96 14.24 0.69 

SD 1.22 0.98 0.29 
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Table G 4: Pressure Pain Threshold in Leg group (n = 5) 

Pressure Pain Threshold ( N ) Group 

(site of stimulation) 

Subject 

before after difference  

3. Leg 1 7.96 11.26 3.33 

 2 19.13 23.56 4.43 

 3 10.5 15.03 4.53 

 4 14.9 17.56 2.66 

 5 13 17.4 4.4 

Mean  13.09 16.96 3.87 

SD 4.27 5.51 0.83 

 

  

Table G 5: Pressure Pain Threshold in Arm & Leg group (n = 5) 

Pressure Pain Threshold ( N ) Group 

(site of stimulation) 

Subject 

before after difference  

4. Arm & Leg 1 11.7 19.1 7.4 

 2 9.5 18.23 7.73 

 3 12.13 20.43 8.3 

 4 14.3 20.76 6.3 

 5 9.2 18.26 9.06 

Mean  11.36 19.35 7.99 

 SD 2.09 11.89 1.05 
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Figure G 1 Pressure Pain Threshold at pre and post TENS stimulation. 

 
 
 

 
 
Figure G 2 Changes in Pressure Pain Threshold following TENS stimulation. 
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G.1 SAMPLE SIZE CALCULATION 

 The sample size was calculated using the following equation (51): 

 

ƒ =  sm 

          s 

where 

sm =  standard deviation of the k sample means around the grand mean 

s   =   common standard deviation for each of the k distributions of scores 
   

         sm =  Σ (xi – xG)2 

         √    k    
 

xi –  xG  =  deviation of each individual mean  xi from the grand mean xG          

          k =  number of group 

 5 % level of significance with a power of 90 % 

From the sample size calculation (51): 

 ƒ =  0.72  ,  n = 8 

 

The number of 10 subjects for each group will be used in this study. 
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APPENDIX H 

RAW DATA OF THE STYDY 
 

Table H 1 Characteristics of subjects 

 
Number of subjects 1-15 is group 1 (sham group), 16-30 is group 2 (stimulation at arm only), 

31-45 is group 3 (stimulation at leg only), 46-60 is group 4 (stimulation both arm and leg). 

Subjects Age (years) Weight (kg) Height (cm) Dominant 
hand 

1 30 48 163 Rt. 
2 32 60 160 Rt. 
3 29 44 150 Rt. 
4 20 36 145 Rt. 
5 29 47 170 Rt. 
6 32 46 153 Rt. 
7 25 53 163 Rt. 
8 26 54 162 Rt. 
9 24 54 152 Rt. 
10 22 47 153 Rt. 
11 26 66 158 Rt. 
12 25 65 157 Rt. 
13 21 47 150 Rt. 
14 26 52 157 Rt. 
15 25 66 157 Rt. 
16 26 47 157 Rt. 
17 19 38 150 Rt. 
18 27 50 150 Rt. 
19 31 49 155 Rt. 
20 25 55 170 Rt. 
21 25 49 155 Rt. 
22 23 43 166 Rt. 
23 25 56 156 Rt. 
24 25 50 157 Rt. 
25 23 52 165 Rt. 
26 23 46 165 Rt. 
27 27 63 156 Rt. 
28 23 43 163 Rt. 
29 25 43 160 Rt. 
30 34 49 160 Rt. 
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Table  H 1 Characteristics of subjects (continued) 
 
 
Subjects Age (years) Weight (kg) Height (cm) Dominant 

hand 
31 22 47 157 Rt. 
32 30 58 150 Rt. 
33 33 43 155 Rt. 
34 28 70 168 Rt. 
35 30 54 165 Rt. 
36 35 132 163 Rt. 
37 24 49 158 Rt. 
38 24 53 163 Rt. 
39 21 36 154 Rt. 
40 28 43 155 Rt. 
41 24 45 158 Rt. 
42 26 52 158 Rt. 
43 33 70 159 Rt. 
44 25 58 160 Rt. 
45 27 51 157 Rt. 
46 35 50 165 Rt. 
47 18 43 156 Rt. 
48 35 41 155 Rt. 
49 34 62 156 Rt. 
50 31 58 164 Rt. 
51 34 50 161 Rt. 
52 24 48 154 Rt. 
53 25 58 160 Rt. 
54 35 73 150 Rt. 
55 24 53 154 Rt. 
56 23 48 155 Rt. 
57 29 88 155 Rt. 
58 19 45 160 Rt. 
59 22 52 160 Rt. 
60 28 46 162 Rt. 

 
 
Number of subjects 1-15 is group 1 (sham group), 16-30 is group 2 (stimulation at arm only), 

31-45 is group 3 (stimulation at leg only), 46-60 is group 4 (stimulation both arm and leg). 
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Table H 2 Pressure Pain Threshold (N) 

 
 
Number of subjects 1-15 is group 1 (sham group), 16-30 is group 2 (stimulation at arm only), 

31-45 is group 3 (stimulation at leg only), 46-60 is group 4 (stimulation both arm and leg). 
 

 
 
 

 
 

Pressure Pain Threshold (PPT)  
Subject Before stimulation After stimulation 

1 13.4 12.8 13 13.3 14.5 13.5 
2 13.1 15.8 14 15.3 14.6 15.4 
3 14.3 12.1 12.6 12.8 12 13.6 
4 18.6 15.4 13.8 16.1 15.2 14 
5 16 11.6 13 16.8 16.8 13.3 
6 18 18.9 19.8 17.8 18.6 19.4 
7 9.2 10.4 10.8 10.6 8.3 11.4 
8 20.6 19.3 18.5 20.2 18.9 21 
9 13.2 11.4 11.4 12.1 11.5 12.8 

10 10.5 9.2 9.2 11 8.9 9.8 
11 14.2 15.5 16.4 15.6 15.2 16.8 
12 16.2 15.4 15.4 16.3 14.8 15.6 
13 15.8 16.2 15.4 17 15.5 15.5 
14 15.4 15.4 14.5 16 14.4 13.8 
15 11.8 11.4 12.3 13.6 12.1 11.8 
16 13.8 13.8 12.9 18.9 18.5 20.2 
17 17.3 14.6 16 22.8 24.1 21 
18 17.1 14 15.2 21 19.8 19.8 
19 8.6 7.5 7.5 15.4 15.4 15.4 
20 7.8 7 8.2 17.4 12.8 12.3 
21 12 11.8 13.6 18.7 18.7 18.9 
22 17 18 16.2 21.9 22.3 23.6 
23 10.1 9.2 8.3 15.5 15.1 14.2 
24 9.2 9.2 10.1 16.3 14.8 14.4 
25 14.9 15.4 11.8 19.2 18.8 23.6 
26 12.3 11.9 13.4 17.4 16.6 18.1 
27 11.8 10.5 13.8 18.3 17.6 19.1 
28 9.2 11.1 10.4 14.5 14.5 16.7 
29 11.5 10.9 12.3 16.7 15.5 17.1 
30 12.6 12.6 13.4 18.7 19.2 19.6 
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Table H 2 Pressure Pain Threshold (N) (continued) 
 
 

 
Pressure Pain Threshold (PPT) Subject 

Before stimulation After stimulation 
31 8.4 8.4 7.1 11 11.4 11.4 
32 18.4 18.4 20.6 22.8 24.2 23.7 
33 10.1 9.6 11.8 15 16.8 13.3 
34 16.2 14.5 14 17.6 18.4 16.7 
35 14.5 14 10.5 17.6 16.2 18.4 
36 19.1 19.8 18.1 23.7 23.3 24.2 
37 12.1 12.9 12.3 17.1 17.1 14.5 
38 14.9 14 13.6 18.9 19.8 16.2 
39 14.5 15.4 17.1 18.4 20.2 23.7 
40 11.4 11.8 11.4 15.9 16.8 14.2 
41 8.4 10.6 10.1 15.3 14.2 16.1 
42 11.8 9.5 13.2 16.4 14.8 16.7 
43 13.5 12.7 14.1 17.5 16.7 16.9 
44 10.7 12.6 11 14.9 16.1 16.1 
45 12.5 12.5 13.7 17.8 16.9 17.6 
46 12.3 10.5 12.3 19.8 17.2 20.3 
47 12 10.6 8.9 19.1 16.5 19.1 
48 11.4 12.3 12.7 20.7 19.4 21.2 
49 15.7 13.6 13.6 18.8 20.9 22.6 
50 9.6 6.6 11.4 17.8 17.4 19.6 
51 15.4 16.2 15.8 20.6 24.1 22.3 
52 14.9 15.4 12.7 24.2 21.5 23.2 
53 13.2 13.2 11.4 17.8 15.5 17.7 
54 16.3 16.2 15.4 22.4 19.8 21.1 
55 14 12.3 11.4 19 19.6 19.4 
56 9.2 8.6 10.8 17.5 16.9 16.2 
57 11.8 11.3 12.5 19.2 20.7 20.7 
58 11.6 11.6 13.1 21.2 19.1 19.6 
59 14 12.5 13.2 19.5 18.9 19.6 
60 10.1 9.6 9.6 16.9 17.1 16.4 

 

Number of subjects 1-15 is group 1 (sham group), 16-30 is group 2 (stimulation at arm only), 

31-45 is group 3 (stimulation at leg only), 46-60 is group 4 (stimulation both arm and leg). 
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