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A proposal for a simple and useful research design for

evaluating the efficacy of acupuncture: multiple,

randomized n-of-1 trials

Kenji Kawakita K 1), Masao Suzuki 2), Kenji Namura 2) and Shouhachi Tanzawa 1)
1) Rescarch Department of Japan Society of Acupuncture and Moxibustion

2) Department of Internal Medicine, Meiji University of Oricntal Medicine

Abstract

[dim] To develop an experimental design suitable for clinical acupuncture research.

[Design] Long-term n-of-1 trials (B-A-B-A design)

[Setting] University Hospital of Meiji University of Oriental Medicine

JPatient] A chronic bronchial asthma patient

[Intervention] Weekly acupuncture treatments for 10min with de-qi were given. The initial 10 treatments

(period 31) were followed by Y weeks baseline (41), a second period of 12 treatments (B2.), and a further

baseline period (12).

[Main outcome measure] Asthma symptom score by diary

[Resulis] The patient’s symptoms were clearly reduced during the treatmert period but returned during

the baseline period. These changes in asthma score were highly reproducible in this patieni,

[Conclusion] The value of long-term n-of-1 trials in acupunciure research was clearly demonstrated, and

it is suggested that the n-of-1 trial enables demonstration of the mi-byo-chi of acupuncture treatment. To

increase the external validity of n-of-1 data. multiple, randomized n-of-1 rrials is proposed as an

appropriate design for clinical research into acupuncture.

Introduction

It i1s well recognized that the randomized
controlled trial (RCT) is the most powerful
experimental  design for pgencrating strong
evidence (1). However, using the RCT to cvaluate
the clinical uscfulness of acupuncturc raiscs
various issucs that necd to be resolved (2). Onc of
the major problems is that the acupuncture

treatment procedure is not fixed according to the

discase or the patient’s condition, Acupuncturists
carefully select points for needle inscrtion that are
individwalized for cach patient. This Lraditional
approach to acupuncture treatment is very popular
and has spread widcly. The majority of
acupuncturists who arc clinically well traincd
reject the use of fixed points or a predetermined
sct of points when treating patients, as they

believe that acupuncture with an incorrect choice
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(15). This high ranking of the n-of-1 RCT is
mainly based on its high internal validity, that is,
the n-of | RCT can make it possible to decide
whether an intervention is suitable for a particular
subject.

Patients are randomly allocated to each group then
the effect of acupuncture or control intervention in each
patient is evalvated by an n-of-1 trial (the
randomization test can be used). Incidence of positive
or negative results arc analyzed statistically. (using
chi-square test ). In this case, chi square=6.3349 and
p=0.0117. llowever, small samples require Yates’
continuity corrcction, with which the results become,
chi-squarc=4.063, p=0.0438. This result indicaics the

external validity of n-of-1 trials.

Table I:. A hierarchy of the strength of evidence for

treatment decisions (Modifted from ref #15)

N-of~t RGT {rendomized controlied tral:

SR of randomized trals

Single randomized trial
SR of observational studias addressng patiard—important cutcomss

Single observationa] study addressing patient-unportant outeomes

Qinlbs |[WIN} -

Prysologe studies (studies of Wood peassura. cardae outpul
esweise Gapacity bone dersity end so forth)

7| Unsystematic chirical cbssrvations

The simplest n-of-1 RCT is as follows: the
patient is randomly allocated to two periods of
interventions, either A/B or B/A. The efficacies of
interventions A and B are evaluated by the use of
measures, and these

appropriate  outcome

alternating  interventions continue until a
significant difference is detected between their
effects. If intervention A is superior to B, then A
will selected as better treatment for the subject.

Regarding the analysis of n-of-1 data, various
methodological issues have been identified. Time
series analysis was strongly recommended instead
of conventional group comparison tests (6,10).
Other statistical tests such as C-statistics have also
been proposed as an indicator for an n-of-1 trial
(11).  Recent

developments in  computer

technology make it possible to use the
randomization test to analyse the data from n-of-1
trials (16).
From the viewpoint of patient-oriented
medicine, the n-of-1 RCT design is valuable and
highly recommended. However, it should be
noted that an n-of-1 RCT does not provide
external validity. In Sackett’s standard textbook of
EMB, the n-of -1 RCT is not included in his
trials and list of

recommendations (Table IT), but he noted the

classification of clinical

importance of the design and stated guidelines

Table H: levels of evidence and grade of

recommendations modified from ref #17)
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for limitations on its application (17). Every
researcher agrees that a systematic review of
homogenous RCTs is the best EBM methodology
for providing external validity.
We now propose a method to increase the
external validity of n-of-1 trials by adding a
group

randomization  procedure in  the

comparison.

Multiple, randomized n-of-1 trials

We propose that multiple, randomized n-of-1
trials are a suitable design for increasing the
external validity of a single n-of-1 study. Figure 3
shows the outline of the protocol. Patients who
match the entry criteria are registered and
randomly allocated into the acupuncture and
control groups. Their condition or symptoms are
freated by various

acupuncture techniques,
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method of
diagnosis and treatment, the details of which

depending on the practitioner’s

should be reported in detail following the
STRICTA recommendations (18). The effect on
each patient is evaluated by a suitable statistical
method such as a non-parametric test (12), then
the incidence of positive and negative results is
compared between the two groups using a
chi-square test.

To conduct this protocol successfully, several
issues should be considered. The symptom should
be stable over a long period and responsive to the
intervention. The severity of the major symptom
or the overall condition should be recorded daily
during the experimental period by simple
questionnaire or VAS scale. When the symptom
appears to be stable (an essential inclusion
criterion). baseline data are collected (period A:
days, weeks or months), then the intervention is
applied repeatedly (period B: days, weeks or
months), Follow-up data are also collected. The
interventions should be repeated at least twice to
increase the reliability of results. This protocol is
easy to conduct if suitable patients can be
recruited. If the sample size is large enough to
allow a subgroup anmalysis, the effectiveness of
various combinations of symptoms and methods
of acupuncture treatment may also be examined
by the incidence of positive of negative results.
the

The of for

acupuncture treatment

concept “mi-byo-chi *

In general. the majority of patients at
acupuncture clinics are regular and they feel that
felt individual symptoms getting worse 10
maintain restore their a good health., If the
treatment is performed when the symptom is not
50 too severe, the results will be better than those
obtained those applied when the symploms
getting Figure 4

more severe.

o

schematically illustrates the concept of
“mi-byo-chi ~.

The borderline between health and disease is not
completely clear. In the ancient Chinese literature
(the Ycllow Emperor’s textbook), the concept of
mi-byo-chi was introduced. The “Mi-byo” means
that the condition is pre-symptomatic, and ““chi”
means treatment, so the phrase indicates the
importance of giving treatment before the
symptoms become severe. When the treatment
(thick black band) is applied to a condition that is

A B

Figure 4: A schematic illustration of the concept of the
“mi-byo-chi"”

A: treatment of the develaped disease takes a long time,
B: treatment of the pre-symptomatic condition is

rapidly effective.

less severe (B), the symptoms are abolished more
rapidly than when it is applied to a condition that
is more severe (A) (Fig. 4).

This concept clearly highlights the importance of
the preventive aspect of acupuncture treatment.
For evaluating the validity of the concept of
“mi-byo-chi”, the proposed multiple randomized
n-of-1 trial may be applicable and would be worth
conducting in a large sample in order to increase
both internal and external validity of the clinical

trial and provide stronger evidence.
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A proposed experimental model of myofascial
trigger points in human muscle after slow
eccentric exercise

Kazunori Itoh, Kaoru Okada, Kenji .Kmvakz'ta

Abstract

Background The purpose of this study was to develop an e\pcr;mental model of myofascial trigger
points to investigate their pathophysiology.

Methods Fifteen healthy volunteers who gave informed consent underwent repetitive eccentric exercise
of the third finger of one hand (0.1Hz repetitions, three sets at five minute intervals) until exhaustion.
Physical examination, pressure pain threshold, and electrical pain threshold of the skin, fascia and muscle
were measured inmediately afterwards and for seven days. Needle electromyogram (EMG) was also
recorded in a subgroup of participants.

Results Pressure pain thresholds decreased to a minimum on the second day after the exercise, then
gradually returned to baseline values by the seventh day. On the second day, a ropy band was palpated in
the exer clsed forearm miuscle and the electrical pain threshold of the fascia at the palpable band was the
lowest among the measured loci and tissues. Needle EMG activ ity accompamed with dull pain sensation

was recorded only when the electrode was louated on or near the fascia of the palpable band on the second
day of exercise.

.Conclusion These results suggest that eccentric exercise may yleld a useful model for the mveqtlgduon
of the myofascml trigger points and/or acupuncture points. The sensitised nociceptors at the fascia of the -
- palpable band might be a possible candidate for the localised tender region.

Keywords

Myofascial trigger point, acupuncture point, eccentric exercise, palpable band, fascia, controlled trial.

Introduction (SEA) can-be recorded from palpable Bands in

The clinical value of the concept of myofascial

{rigger poinis has been widely recognised,” and .

the close relation between myofascial trigger points
and acupuncture pomts has also been noted.™

- Myofascial - trigger  points have been
characterized by their location on a palpable taut
band of skeletal muscle, and by the induction of
local twitch responses, jump signs and particular
patterns of referred pain."* However, it has been
shown to be quite difficult to discriminate trigger
points from . the tender points found - in

~ fibromyalgia patients and spontaneous tender

points in normal subjects.™’ ‘

The palpable band has long been supposed to
be the site of muscle contracture, based on the
existence of contraction knots and the lack of
electrical activity.® However, recent studies have
demonstrated that spontaneous electrical activity

patients with the myofascial pain syndrome. The
origin of this SEA is uncertain, and different
possibilities” such as endplate potential. and -
intrafusal fibre ac-.tiﬁi.ty in- muscle spindles have
been proposed:®? Uncertainty also exists in
discussion. about the acupuncture poirnts: somme
acupuncture .points have been characterized by

- their tenderness (called ‘4h shi” points) which are

often sitnated on a palpable band.® In addition, .
electrical activity that has been recorded from

~ acupuncture points has been proposed to originate

in spinal reflex activity," or in intrafusal fibre activity -
in muscle spindles.”? Thus, myofascial trigger points

“and acupuncture pomts seem 1o have some

similarities, although their pathophv‘;lology 1s still
not fully understood.-

In the present study, we investigated the
localised tenderness of experimentally induced

ACUPUNCTURE IN MEDICINE 2004;22(1):2-13.

www.medical-acupuncture.co.uk/aimintro. htm
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muscle pain, compared its characteristics with
those of myofascial trigger points, and evaluated

its usefulness -as a model. for trigger points and"

possibly some acupuncture points. We used
repetitive eccentric exercise {o generale delayed
onset muscle soreness (DOMS): eccentric exercise
involves a muscle lengthening under load, and is
particularly associated with the production of
DOMS.

Methods

Subjects ,

Fifteen healthy volunteers (five male and ten
- female), ra,nging in age from 18 to 48 years (mean
226 years) who™ gave informed consent, were
mvolved. All were in good health and not engaged
in any training programmes involving exercise
of the extensor digitorum muscle. The first group
of seven subjects (five male and two female)
underwent three sets of investigations in random
order (crossover design): 1) a control procedure in
which pain thresholds Weré measured (see below)
without exercise; 2) a series of assessments..in
which pain thresholds of the tender area were
measured after exercise; 3) a series of assessments
in which the' distribution of pain thresholds
around the tender area after exercise were
measuwred, again after exercise.‘ Each set of
investigations was performed at intervals of six
months or more, since the induction of DOMS
leads to a resistance to further development of the
~ condition for some time. The second group
consisted of the remaining eight subjects (all
female) who underwent a smgle senes of EMG
recordmgs daily aﬂel exewt%e

Procedure of eccentric exercise

The subject was seated, with one forearm
supported as far as the wrist on a mat on top of a
desk. A moveable 475g weight, éo_nsiﬁsting of a
metal nut threaded on to a long-shaft bolt, was
placed on'the middle finger of one hand. The
position' of -the weight- was. adjusted until the
subject could .retain the finger in a horizontal
position for-at least 10 seconds. The subject was.
then asked to- hold this positién as long as
possible, and each time the finger bent 20°
downward at the metacarpophalangeal joint,
the finger was manually. reset to the original

ACUPUNCTURE IN MEDICINE 2004;22(1):2-13.
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' horizontal position by the ‘expcrimenter. This
- exercise continved repeatedly until exhaustion of
_the volunteer’s extensor muscle. Three sets of this

loading exercise were performed, separated
by five minute rest periods. During the exercise,

the electromyogram (EMQG) of the extensor digital

muscle was monitored and displayed ;on an
oscilloscope to indicate when other muscles were
being recruited to assist the tiring extensor
digitorum.

_Pressure Pain and Electrical Pain Threshold
‘Measures

Pressure pain threshold (PPT) was determined by

. pressing the skm over the muscle with a finger

pressure algometer (Aikoh Engineering - Corp,
Model 9500) which has a probe 6mm in diameter

. The measurement was repeated three times where
- a sensation of tenderness was first elicited and the
" mininm value was employed as the threshold value

Electrical pain thresholds (EP’ lb) of a}\m, fascia

- and niuscle were measured by a pulse algometer

(Unique Medical Co Ltd, UPA-100).""'A stainless

steel needle electrode msulated with acrylic resin
(180ym m diameter, impedance- 39130k at
‘1kHz;, Nishin Medical Institute) was. used -as a

cathodal monopolar stimulating electrode. The
needle was inserted manually and held in a guide

* tube attached to skin with adhesive tape. The

needle was inserted progressively in steps of 0. 5-

-1.0mm in order to measure the pain thresholds of

the >Lm fascia and muscle. The location of the
fascia was determined by the needling stiffness

(physical resistance to the needle) with the help

of ultrasonic echo imaging (LOGIQ™400,
GE Medical Systems) to identify the depth of the

" border between subcutaneous tissue and muscle.
A metal, anodal, surface electrode 10mm in

diameter was attached to the skin 10mm away

~from the needle. The subjects were requested to

press-a button when they felt pain (pétin threshold),

which automatically triggered a digital display of
‘the stimuhus current and terrnumted the current
stimulus pulse. '

_ For the. control session without -exercise, the

- lo«,atmn for testing both PPT and- TFPT was the
. ‘middle of the extensor digital muscle, where the

fooal muscle tenderness tended to be produced.
To assess the distribution of the pressure and
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electrical pain thresholds, assessments were made

at the tender region and at four points 10mm away
from the focus (proximal, distal, medial and lateral).

" For the three sets of examinations of these
seven subjects (see Subjécts above), the schedules
for assessment were as follows: 1) for the control
session, pressure and electrical pain thresholds
were measured once daily for seven days; 2) for
threshold levels, PPTs were measured before,
ilnmediately after, and oné, two, three, four and
seven days after the eccentric exercise. EPTs were
measured on the second and seventh day after the
exercise; 3) for assessment of pain distribution,
measurements were made on the second and
seventh day after the exercise.

Detection of palpable band

. On the second day after the exercise, the forearm
“extensor muscles were examined for, the presence
of a palpable band by a well-trained licensed

acupuncturist with four years® trainirig and seven
years’ clinical experience. The subject was again
seated with tlie forearm placed relaxed on a soft
mat, while being examined with repeated light
pressure with the fingertip. In several cases, but
not all, the observer was blinded as to which arm
had been exercised: in other cases, he was present

“during the exercisé procedure.

Recordmgs of re/erred pain pattern :
The pattern of the referred pam elicited by fmger

pressure at the most tender region on the palpable A

band was drawn on the skin surface then was
copied on a; clear sheet. When the subjeet could
not recognize any patterns of referred pain; the
subject was classified as ‘no referred pain’,

Recordings of needle EMG activity
In the second group of eight subjects the clectncal
activity -at the skin, fascia and.muscle of the focal
tender region and non-tender region of palphble
band and 10mm away from the band were measured.
An insulated needle, as used for the stimulation
above, was used as a recording electrode, togéther
with an ndifferent surface electrode. The EMG
activity was amphlified using a band pass filter
of 0.1-10kHz -(DAM-80, WPI), displayed on an
oscilloscope (V-202F, Hitachi) and recorded on a
data recorder (RD-135T, TEAC). Electrical activity

was recorded for one minute or more at 1.0mm
increments” of ‘depth. The unitary discharge that
continued for at least 30 seconds with relatively
regular intervals (1-60Hz) was classified as
EMG(+). At the samie time, the surface EMG was
recorded from a pair of metal surface electrodes
(10mm -in diameter) placed on the skin 50mmm
distal from the needling point.

Measurements were made on the second day
after exercise.

Statistical analysis

Pressure pain and electrical pain thresholds were -
shown as mean % standard deviation (meanSD).
Non parameétric multiple test of Tukey and
Dunnet’s multiple test (Yukms version 5; Yukms
Company) were used for the statistical analysis. .
The level of statistical significance was defmed
as P<0.05. ‘

Results : . :
Immediately after the repetitive epéeﬂtri‘c exercise, .
subjects reported warmth and tendersiess of the
working muscle of the forearm. The region of
tenderness was gradually restricted to the muscle
ina 1’egion ab'ouf 50mm distal to the elbow, where
a ropy taut band could be deteéte-d on the first and
second days after the exercise. By the séventh‘ daj',
the palpable bands and local tender regions were .
hardly detectable.

Changes in pressure; pain threshold

The PPTs at the cenire of the measuring area,
where a palpable band was usually formed after
the eccentric exercise, ate shown in Figure 1. In
the control session, the PPT did not change
significantly auiing‘thje experimental periods for

~ seven days (Dunnett’s multiple test, P=0.75-0.99).

After exercise, on the other hand, the PPTs
gradually decreased to a minimum on the second
day, then recovered by the séventh day. The '
mean value for PPT before the exercise was
972178 arbitrary units (AU; 1AU=1.8g), decreasing
significantly to 274+57AU on the second day
(Dunnett’s multiple test, P<0.0].).

Spatial distribution of the PPTs onand arpund
the palpable band is demonstrated in Figure 2,
and the values (Table 1) show that a significant
difference. between the tender Jlgcus and other

ACUPUNCTURE IN MEDICINE 2004;22(1):2-13.
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Figure'l This figure shows the effects of eccentyic exercise of extensor digitorum on the pressure pain
threshold (PPT) in seven subjects (mean+SD arbitrary units (AU)). Circles indicate 'valu'es in-the control
session without exercise, and squares indicate values in the experimental session with exercise. Asterisks
indicate significant difference compared with the baseline threshold (Dunnet’s multiple test, *P<0.05,
*¥P<0.01); pre: pre-exercise; post: post-exercise. '
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Figure 2 This figure shows the distribution of pressure pain thresholds on and around the palpable band.
A and B show the distribution of pressure pain thresholds (PPTs) on the second and seventh days after
the exercise. The \distribz'lt‘ion of PPTs on the sites of PPT measurement are illustrated schematically in s

C and D.
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