min before compression of EDL muscle 2 days after ECC, and white columns show
those in the control group that received saline instead of morphine. Number of animals
was 5 for the morphine group, and 6 for the control group. Note that c-Fos
imrunoreactivity was clearly suppressed in the morphine-treated group (**p<0.01,

Mann-Whitney test).
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Artificially produced meteorological changes aggravate pain in adjuvant-
induced arthritic rats
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Abstract

To examine the effects of change in meteorological parameters on pain-related behaviors in a simulated arthritic condition, rats with an
injection of complete Freund’s adjuvant into the tibio-tarsal joint were exposed to low barometric pressure (20 mmHg below the natural
atmospheric pressure) and low ambient temperature (7 °C lower than 22 °C) in a climate-controlled room. When the arthritic rats were
exposed to these environments, the already increased number of hindpaw withdrawals in response to noxious mechanical stimulation
(hyperalgesia) was further increased, and a hindpaw withdrawal response to innocuous mechanical stimulation (allodynia) began to occur.
Such exposures did not influence any of the pain-related behaviors of the control rats. These results show that lowering barometric pressure

and ambient temperature within the range of natural environmental fluctuation intensify pain in arthritic rats.

© 2003 Elsevier Ireland Ltd. All rights reserved.

Keywords: Rheumatic pain; Mechanical allodynia; Mechanical hyperalgesia; Weather; Monoarthritis; Rat

Several clinical studies have demonstrated a consistent
relation between changes in meteorological factors and pain
intensity in subjects with chronic pain (for review, see [6]).
Other studies, however, failed to find a significant
relationship between pain and weather change [4,9]. These
contradictory results led us to conduct a behavioral animal
study to determine whether artificial changes in meteor-
ological factors aggravate pain-related behaviors in rats
rendered neuropathic by a chronic constriction injury (CCI)
to the sciatic nerve. Our studies indicated that exposures to
low barometric pressure (LP, 20 mmHg lower than
atmospheric pressure) and low ambient temperature (LT,
7 °C lower than 22 °C) augmented spontaneous pain,
mechanical allodynia and hyperalgesia shown in the
hindpaw skin of CCI rats [11,12,15]. Additionally, sym-
pathectomy eliminated the effects of LP but not LT,
suggesting that sympathetic nerve activity makes an
important contribution to the LP effect.

A positive relationship between weather and rheumatic
pain intensity in humans has been often reported [1,7,8,16].
To date, however, there have been no controlled animal

" Corresponding author. Tel.: +81-52-789-3862; fax: +81-52-789-3889.
E-mail address: jan@riem.nagoya-u.ac.jp (J. Sato).

studies examining the mechanism that causes such weather-
related aggravation of rheumatic pain. In the present study,
therefore, we investigated whether lowering the barometric
pressure and ambient temperature within the range of
natural environmental fluctuation, simulated in a climate-
controlled room, aggravates mechanical allodynia and
hyperalgesia in adjuvant arthritis of rats. This condition
has many features common with human rheumatoid arthritis
and often is used for the study of inflammatory pain
mechanisms.

Sixteen adult male Sprague—Dawley rats (250-260 g)
were used in this study. Monoarthritis was induced
according to the method developed by Butler et al, [3].
Eight rats received an injection of 0.05 ml of complete
Freund’s adjuvant (CFA) solution into the left tibio-tarsal
joint (experimental rats) under sodium pentobarbital
anesthesia (55 mg/kg, i.p.), while the control rats (n = 8)
were injected with 0.05 ml of saline. Three days after
inoculation of the CFA, the rats developed inflammation
(redness and swelling) in the tibio-tarsal joint to which it
was injected and the adjacent skin. Despite such local
inflammation, the general condition of these animals (e.g.
body weight gain) was not affected. The animals were kept

0304-3940/03/$ - see front matter © 2003 Elsevier Ireland Ltd. All rights reserved.
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in a temperature-controlled room (22 = 1 °C) on a 12:12-h
alternating light/dark cycle. To minimize the discomfort of
animals, rats that developed signs of inflammation were
isolated into separate cages. Water and food were provided
ad libitum. Before LP or LT exposure, the animals were
kept in the climate-controlled room (ambient temperature
22 °C; relative humidity 50%) for 60—90 min. The rats were
exposed to LP by decreasing the barometric pressure of the
room below that of the atmospheric pressure by 20 mmHg,
which is the change often observed when a low-pressure
system passes. This was done over 8 min. The pressure was
maintained at this level for 44 min, and then returned to the
baseline pressure over 8 min. Ambient temperature was kept
at 22 °C and relative humidity at 50%. For LT exposure, the
ambient temperature was decreased by 7 °C, which is a
typical daily drop in temperature in Japan. This temperature
drop, from 22 °C to 15 °C, was made over 13 min. The
temperature was then maintained at 15 °C for 44 min, and
returned to the baseline temperature over another 13 min.
Relative humidity was kept at 50% and barometric pressure
was the natural barometric pressure. A behavioral test
(described below) was carried out four times; 60 min before
exposure, twice at the lowest pressure or temperature (just
after and 35 min after reaching the pre-set low pressure or
temperature level), and 60 min after exposure.

Pain-related behaviors to mechanical stimulation were
measured with self-made von Frey hairs (VFHs, diameter:
0.5 mm, bending forces 34.3, 92.2, 197.2 mN). The rats
were placed individually on an elevated grid floor and the
VFHs were applied to different parts of the plantar surface at
the heel. Each VFH was applied ten times (once every 2-3
s) to the injected hindpaw and the number of foot
withdrawals was counted. Stimulation of normal human
skin with the weak (34.3 mN) and stronger (92.2 and 197.2
mN) VFHs elicits a sense of pressure and pricking pain,
respectively. Therefore, a significant increase in the
frequency of foot withdrawals in response to these
mechanical stimuli was interpreted as mechanical allodynia
(34.3 mN) and hyperalgesia (92.2 and 197.2 mN). Results
are expressed as the mean * standard error of the mean
(S.EM.). A Friedman test followed by Dunn’s test were
used for statistical analysis and differences were considered
significant at the P << 0.05 level. All the experiments
received approval from the Animal Care Committee of
Nagoya University.

Withdrawal responses of experimental and control rats
were examined for 3 weeks after the CFA and saline
injections, respectively. In the control rats (n = 8), the
saline-injected paw remained mostly unresponsive to the
weaker VFH (34.3 mN) throughout the entire observation
period (Fig. 1). Stronger VFHs (92.2 and 197.2 mN)
induced a brisk but small and short withdrawal response in
some control rats, and saline injection to the ankle joint did
not cause any change in these responses. One week after the
CFA injection, all experimental rats (n = 8) lifted the foot
of the treated side more frequently in response to stronger
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Fig. 1. The mechanical sensitivity of the hindpaw of the rheumatic (EXP)
and control (CON) rats. The numbers of foot withdrawals to repeated
mechanical stimuli with VFHs (34.3, 92.2 and 197.2 mN) are plotted
against time. PRE, control period before treatment; W, weeks after CFA
injection. Rats responded to stronger (92.2 and 197.2 mN) but not weak
(34.3 mN) VFH to the hindpaw before the CFA treatment. After the CFA
treatment, the numbers of paw lifts to the stronger VFHs started to increase
gradually. Asterisks indicate values significantly different from the value
obtained during the pretreatment control period (*P < 0.05, #**P < 0.001,
Friedman test followed by Dunn’s test).

VFHs (92.2 and 197.2 mN). Behaviors indicating pain such
as licking or shaking the hindpaw often followed the paw
lifting. At 3 weeks post-treatment, the numbers of paw lifts
were significantly larger than the pretreatment control
values (92.2 mN: P <0.05; 197.2 mN: P <0.001).
Stimulations with a weak VFH (34.3 mN), on the other
hand, seldom induced foot withdrawal in the experimental
rats, and these were not influenced by the CFA treatment.
These data imply that CFA-injection into the tibio-tarsal
joint induced mechanical hyperalgesia but not allodynia in
the adjacent plantar skin. Exposure experiments were
therefore performed on a day when apparent hyperalgesia
was observed during the post CFA treatment period between
20 and 27 days.

LP exposure did not affect the numbers of paw lifts in
response to VFHs in the control rats (Fig. 2, for all VFHs:
P > 0.05). In contrast to the controls, LP exposure in the
CFA-injected rats, which were already hyperalgesic, clearly
evoked a further increase in the numbers of paw lifts to
stronger VFHs (92.2 and 197.2 mN) immediately after
reaching the pre-set low pressure (MID 1, P < 0.05 vs.
PRE). Additionally, CFA-injected rats now showed an
increased number of paw lifts to the weakest VFH (34.3
mN) used as well as allodynic behaviors such as licking or
shaking the hindpaw (MID I, P < 0.05 vs. PRE). These
increased hypersensitive behaviors quickly disappeared
even though LP exposure was continued, and the number
of paw lifts measured after 35 min of LP exposure (MID 1J,
Fig. 2) had returned to the baseline levels. Return to the
natural barometric pressure (POST) did not influence the
responses to VFHSs.

Fig. 3 shows the effects of LT exposure on mechanical
hyperalgesia. The control rats showed no change in the
numbers of paw lifts to the VFHs in response to LT (for all
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Fig. 2. LP exposure augmented mechanical hyperalgesia and developed
mechanical allodynia in rheumatic rats. The numbers of foot withdrawals to
repeated mechanical stimuli with VFHs (34.3, 92.2 and 197.2 mN) were
plotted against measurements. CON, control rats; EXP, rheumatic rats. The
period of measurement is expressed as PRE for the pre-exposure control
period, MID [, II for the first and second measurements during LP exposure,
respectively, and POST for the post-exposure period. See text for the
precise timing of measurements. In the rheumatic rats, LP exposure
increased number of foot withdrawals to strong (92.2 and 197.2 mN) and
weak (34.3 mN) VFHs as well. Asterisks indicate values significantly
different from the value obtained during the pre-exposure control period
(*P < 0.05, Friedman test followed by Dunn’s test).

VFHs: P > 0.05). In contrast CFA-treated rats clearly
showed a further aggravation of mechanical hyperalgesia to
LT exposure. Specifically, the numbers of paw lifts to the
stronger VFHs (92.2 and 197.2 mN) gradually tended to
increase, and 35 min after reaching the pre-set low
temperature (MID II) the numbers were significantly larger
than the baseline values (PRE vs. MID II; 92.2 mN:
P < 0.05,197.2 mN: P < 0.01). As in the LP environment,
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Fig. 3. LT exposure augmented mechanical hyperalgesia in rheumatic rats.
The numbers of foot withdrawals to repeated mechanical stimuli with VFHs
(34.3,92.2 and 197.2 mN) were plotted against measurements. Presentation
is similar to Fig. 2. In the rheumatic rats, LT exposure increased number of
foot withdrawals to strong (92.2 and 197.2 mN) VFHs. Asterisks indicate
values significantly different from the value obtained during the pre-
exposure control period (*P < 0.05, **P < 0.01, Friedman test followed
by Dunn’s test).

some CFA-treated rats showed allodynic behaviors such as
licking or shaking the hindpaw to the weaker VFH (34.3
mN) in the LT environment, although this was not a
significant change. These signs of increased hypersensitivity
disappeared 60 min after returning to the baseline
temperature (POST).

The present experiment demonstrated that the numbers
of paw lifts to the noxious mechanical stimuli (92.2 and
197.2 mN) were increased after CFA injection. This
mechanical hyperalgesia was consistent with the previous
observation [3]. The present data also demonstrated that LP
and LT produced additional increases in the number of paw
lifts to these noxious mechanical stimuli. Such meteorolo-
gical changes led CFA-treated rats to further lift their paws
to the innocuous mechanical stimulus (34.3 mN) as well.
The augmenting effects of these exposures were not
observed in the control rats. These results indicated that
LP and L'T not only aggravated the mechanical hyperalgesia
but also induced the allodynia seen in animal models of
rheumatic pain. These changes are similar to those observed
in rats rendered neuropathic by CCI surgery to the sciatic
nerve [11,12].

Noteworthy here is that LP augmented mechanical
hyperalgesia and induced allodynia immediately after the
lowest pressure was reached, and that these effects had
disappeared at the second measurement 35 min later. This
result agrees with our previous study with CCl rats, in which
their increased mechanical allodynia in the hindpaw
gradually disappeared with time in an LP environment
[11]. These data therefore would suggest that this pain-
aggravating process under pathological conditions is
primarily activated by the onset of barometric pressure
change rather than by absolute barometric pressure level.

Our previous observations that lumbar sympathectomy
prevented the LP-induced augmentation of pain-related
behaviors in CCI rats [11], and that LP transiently increased
the blood pressure and heart rate of unrestrained normal and
CClI rats [15] suggested that prompt activation of sympath-
etic nerves by an LP environment contributes to the LP
effect on neuropathic pain. Although the influence of
sympathectomy on the increased pain-related behaviors of
arthritic rats in the LP environment was not tested, it is
possible that LP-induced sympathetic activation also played
an important role in the aggravation of arthritic pain in the
present study. From this and our previous observation that
LP environment did not decrease the hindpaw temperature
of normal and CCI rats [11], we concluded that the
mechanism of aggravation of neuropathic pain under an
LP environment is not dependent on vasoconstriction.
Rather, increased sympathetic nerve discharge may directly
activate the cutaneous nociceptors and sensitize them to
mechanical stimuli [2,13]. Since such novel adrenergic
sensitivity of cutaneous nociceptors has also been found in
CFA-induced inflammatory states [14], similar interactions
may underlie the increased painful behaviors of arthritic rats
in LP environments.
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In contrast to the LP effect, a longer time of up to 35 min
was required for the aggravation of pain under the LT
condition in arthritic rats. We observed a similar time lag in
the appearance of an LT effect on pain in CCI rats [12].
These data suggest that the pain-aggravating process
activated by LT involves slowly progressing mechanism(s).
Alternatively, this aggravation may be a result of gradual
lowering of the skin temperature in the LT environment. A
preliminary observation indicated that LT-exposure gradu-
ally decreased cutaneous hindpaw temperature of arthritic
rats, and 10 £ 0.9 °C decrease was observed 35 min after
reaching the pre-set temperature.

Recently, we have shown that LT exposure increased
plasma norepinephrine level of normal rats [10]. This
suggests, first, that LT exposure aggravates behavioral
abnormalities of arthritic rats via an activation of the
sympathetic nervous system, as in the LP effects described
above. Second, there is another pain-aggravating process
that acts through a mechanism that works only in arthritic
rats, since augmentation of pain-related behaviors during
LT exposure was found only in these rats. Our recent
observations using single nerve recordings from the sural
nerve of CFA-induced arthritic rats showed that the
response to innocuous cold stimulation to the hindpaw
skin was facilitated in C-fiber low-threshold mechanore-
ceptors (CLTM), and the proportion of cold sensitive C-
fiber nociceptors was also increased [17]. In view of these
results, one may expect that LT augments these cold-
sensitive receptor activities in rheumatic rats, and this might
be a mechanism for the LT-induced augmentation of
guarding behavior (foot lifting without mechanical stimu-
lation) seen in these rats (unpublished observation).
Furthermore, the mechanical sensitivity of CLTM but not
C-nociceptor units was increased in arthritic rats [17]. The
data indicate that a CFA-induced inflammation induces
sensitization of these receptors to mechanical stimulation as
well. This supports the hypothesis that lowered local skin
temperature during LT exposure increases sensitivity of
these cutaneous receptors to noxious and innocuous
mechanical stimuli to the hindpaw skin and then aggravates
mechanical allodynia and hyperalgesia shown in rats
rendered arthritic.

In conclusion, the present experiment demonstrated that
simulated meteorological changes (LP or LT) augmented
behavioral abnormalities in a model of rheumatic pain.
These observations support reports from humans with
chronic rheumatic pain indicating that pain is aggravated

by an approaching low pressure system or exposure to a
mildly cold environment [1,5].
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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
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1) Rescarch Department of Japan Society of Acupuncture and Moxibustion
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Abstract
[Aim] To develop an experimental design suitable jor clinical acupuncture research.
[Design] Long-term n-of-1 trials (B-A-B-4 design)
[Seiting] University Hospital of Meiji Universitv of Oriental Medicine
[Patient] A chronic bronchial asthma patient
[Intervention] Weekly acupuncture treaiments for 10min with de-gi were given, The initial 10 treatments
(period B1) were followed by 9 weeks baseline (41), a second period of 12 treatments (B2.), and a further
baseline period (2).
[Main outcome measure] Asthma svmptom score by diary
[Resulis] The patients svmptoms were clearly reduced during the treatment period but returned during
the baseline period. These changes in asthma score were highly reproducible in this patient.
[Conclusion] The value of long-term n-of-1 trials in acupuncture research was clearly demonsirated, and
it is suggested that the n-of-1 trial enables demonstration of the mi-byvo-chi of acupuncture treatment. To
increase the external validity of n-of-1 data, muliiple, randomized n-of-1 trials is proposed as an

appropriate design for clinical research into acupuncture.

Introduction

It is well recognized that the randomized
controtled trial (RCT) is the most powerful
esperimental  design  for gencrating  strong
evidence (1). However, using the RCT to cvaluate
the clinical uscfulness of acupuncturc raiscs
various issucs that necd to be resofved (2). One of
the major problems is that the acupuncturc

treatment proccdure is not fixed according to the

disease or the patient’s condition. Acupuncturists
carefully select points for needlc inscrtion that are
individualized for cach paticnt. This traditional
approach to acupuncture treatmicnt is very popular
and has spread widcly. The majority  of
acupuncturists who are clinically well trained
reject the use of fixed points or a predetermined
set of points when (reating patients, as thev

believe that acupuncture with an incorrect choice
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of points or inadequate procedures is ineffective.
Their
experience, not on evidence. They need to provide
that the

selection of poinls and other aspects of the

belief is  usually  based on clinical

evidence o support their concept
process of acupuncture must be individualized in
order to be effective. Tao evaluate the efficacy of
scupuncture, various designs and types of control
can be used, depending on the research question

of the fnvestigator (33,

N-of-1 trial as & useful design for acupuncture
resenrch

In the WHO guidelines ou clinical research on
acupuncture, single subject experimental designs
(single case design, or n-of-1 trial) are introduced
{4). Neol-1 trials (this term will be adopted in this
paper) developed in the field of psychology, and

have recently been adapted for clinical research

(8-9). The statistical issues concerning  the
evaluation of the resulls have been clarified
{1011y

The simplest design of an n-of-1 trial is a

reversal  design.  Baseline data are  collected
repeatedly during period “A™ and their siability is
confirmed, without treatment. Then a specific
inervention Is applied during period “B™. The
changes in outcome data are evaluated by visual

inspection of a graphical figure or by the usual

non-parametric  test  for  two  ogroups  (12)
Repeating  the two  stages  of  the trial

{A-B-A-B-A-B- -} sirengthens the plausibility of
the results. The order BA instead of AB can be
used when treatment s required urgently before
the baseline period.

N-ofe] teials can evaluate the effectiveness of
various specialized interventions in a number of
patients who differ in several ways. They are easy
The

trial seem o be

1o adopt for an  exploratory  study

characieristics of the n-of-1

1nd

suitable for acupuncture research and the use of

n-of-1  trials  in  acupuncture  has  been

recommended {4, 13), However, the n-of- 1 trial is
not appropristc in cases where  acupuncture
treatments have foog-asting or irreversible effects.
Mareover it has been poisted out that the results
of n-of-1 wrials cannor be easily generalized (14).
Here we propose a umique protocol of n-of-1 trials
allows from he resulls

that generalization

obtained  from each patient  attendisy  an

acupuncture clinic.
Long-term n-of-1 ftrigls: a research desigo
applied in an acupuncture clinic

In general, the majority of patients at
acupunciure clinics seem to be regular attenders
who visit the clinic each time their chronic Hlness
Their

successfully by acupuncture but will reappear

deteriorates, complaints  are  treated
after several weeks, months or vears. Based on
such # course of acupunctore treatment over tire,
we propose a new design for clinical research in

acupuncture.

Time {day, week)

Figure 1 Hyporherical example of o long-ternr seof-1
wriad r

A1, A2 baseline, 81, B2: intervention

Criterfa for the onsetl of baseline data measweenen!

should be determined in the protocol

Figurc | shows a hypothetical lustration of a
long-term n-of-1 trial (ABAB design). The upper
figure shows the severity of symptoms and the

tower bar shows the baseline {Al, 2) and
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intervention (Bi, 2) phases. In cases where

patients’ complaints are severe, the active

intervention can be used first (BABA design).
n-of-]

Another experimental design such as

alternation also be applicable. If the
by

intervention are very long lasting or permanent, a

may

symptomatic  changes  produced the

simple group comparison design should be used.
pit ¢ 2

An example of a long-term n-of-1 trial in an
asthma patient

The effects of acupuncture on chronic bronchial
asthma were examined by n-of-1 trials (BABA
design) in° one patienl. The patient, who was
receiving care from a medical doctor but was
and by

inhalation), was recruited to the study. The patient

resistant to  steroid wreatment {oral
received acupuncture freatment (once a week, 10
times, repeated for a second course). Acupuncture
needles (0.16mm in diameter, 40mm in length)
were inserted and refained for 10 minutes at the
following meridian points bilaterally: LI, CV12,
LI5, CV4, and B13. The severity of asthma was
recorded by a dairy of asthma symptoms, a VAS
of dyspnea, and Hugh-Jones classification. During
the experiment the patient continued lo recelve

steroids regularly.

Fyample of a Jong-term n-of-] triol of

Figwre 2¢

acupupcnre for an astima patient
A: seove of the symproms from asthme diary. B: dose of
drug used, C: periods of weaimeni with acupunciure

(B ond nov-trearment baseline ()

Figure 2 clearly shows that every symptom

Ll

measure gradually improved, almost completely
the 10

acupuncture treatments, and then rapidly returned

disappearing  after initial weekly
to the pre-treatment level 9 weeks after cessation
of treatment (initlal BA session). The second
treatment course of 12 weeks produced more
rapid and sustained improvement during the
treatment, but the symptoms again returned afler
treatment had stopped. Changes in the measures
before and after the second treatment were as
follows: Symptomatic scores: 66 to 0, VAS of
dyspnea: 87 to 0, H-J classification: [V to L

These results show that a long-term n-of-1 tyial
may be useful for demonstrating the effects of
acupuncture on patients over a long treatment
period. This kind of sitation, with repeated
treatments for chronic conditions, may be very
cormunon in acupuncture ¢linics. So, we propose a
unique protocol to allow generalization from the
results obtained from long-term n-of-1 trials.
M-0f-1 RCT (randomized controlied tvial)

The clinical usefuiness of n-oftl wial has
become widely recognised, but, in respect of

evidence based medicine (EBM) overall, its lack

{
H

i Rrgistration 7 Randoss altocation j

3 Y
Acupunctare (el { Controd (=4} i
Rejcleicielelaio it T L R X3 1 8

Statistionl evaluation of cach peaf-d tris] rundnmization test}

a3 Yol Tolele¢lIE " fe: * ' £ ¥

Dflerence m the wadence of pesiree{O Yoy megatiee (8)
i the T gt £ anadvzed by chi-squank et

Figtoe 3. 4 block diagram of the protocol of muliiple

randomized n-of-1 wials

of external validity reduces the strength of
evidence that it can contribute, In a recent EBM
RCT was ranked as the

sirongest evidence for making treatment decisions

textbook, the n-of-|
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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 1 RCT can make it possible to decide
whether an intervention is suitable for a particular
subject,

Patients are randomly allocated to cach group then
the effect of acupuncture or control intervention in each
patient is c¢valuated 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. However. small samples require Yates’
continuity correction, with which the results become,
chi-squarc=4.063, p=0.0438. This result indicates the

external validity of n-of-1 trials.

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

treatment decisions (Modified from ref #13)

W-of-t RGT {randumnized controled tral:

SR of randomized tnals

Single randomiged trat
SR of ohservational shudas addresung patiert—imporisnt autcomaes

Single obsarvational Study sddressng patient-wnportant GUTComes

LR EL R RN

Physologic studias \studes of blocd pressure. cardac output
exereise capacity bose dersity snd 50 forth)

7 | Unsystematic chrics) observations

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 to wuse the
randomization test to analyse the data from n-of-1
trials (16).

From the

possible

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 incladed in his
classification of clinical trials and list of
recommendations (Table II). but he noted the
importance of the design and stated guidelines

Table 1I: levels

of evidence and grade of

recommendations modified from ref #17)

Qricia of RocEmasdetan | Laved of ovidaaca. Dalgra of dwicat al
Rt bommgerniy) of KT
A s Tt tbaad BCT Gouith resvowr cardideray wanrwdd
e Lot moma
kD R (v bsomngoenlty) of tshast Chalen
22 Sl caliont vty Snchilirs bvreranity RCTY
o S “Ouacoen” ressarch
% R s Somaguning of casar-cenyed vely
3= tagaduls cuve-coawed etuly -
A4 £ Cono sarisn tand poer—sualy Cohort otal taze comtral eadua)
° 5 h_tn-'-!dﬁ-ﬁw_cvﬂallﬂ'._(w“ L
ptyeiokgy, boach Rasch o Rt vy

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-! 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
treated 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 analysis, 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

of “  for

acupuncture treatment

The concept “mi-byo-chi

In general. the majority of patients at
acupuncture clinics are regular and they feel that
felt
maintain restore their a good health. If the

individual symptoms getting worse to

treatment is performed when the symptom is not
S0 too severe, the results will be better than those
obtained those applied when the symptoms
more  severe.

getting Figure 4

[0

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

The borderline between health and disease is not
completely clear. In the ancient Chinese literature
(the Yellow Emperor’s textbook), the concept of
mi-byo-chi was introduced. The “Mi-byo” means
that the condition is pre-symptomatic, and “chi®
means ftreatment, so the phrase indicates the
the
symptoms become severe. When the treatment

importance of giving treatment before

(thick black band) is applied to a condition that is

A

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

A: treatment of the developed disease takes a long rime,
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 sampie in order to increase
both internal and external validity of the clinical

trial and provide stronger evidence.
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Trigger point acupuncture treatment of chronic
low back pain in elderly patients - a blinded RCT
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Abstract

Objective There is some evidence for the efficacy of acupuncture in chronic low back pain, but it
remains unclear which acupuncture modes are most effective. Our objective was to evaluate the effects
of two different modes of trigger point acupuncture on pain and quality of life in chronic low back pain
patients compared to standard acupuncture treatment.

Methods Thirty five consecutive out-patients (25 women, 10 men; age range: 65-81 years) from the
Department of Orthopaedic Surgery, Meiji University of Oriental Medicine, with non-radiating low back
pain for at least six months and normal neurological examination, were randomised to one of three
groups over 12 weeks. Each group received two phases of acupuncture treatment with an interval between
them. Nine patients dropped out during the course of the study. The standard acupuncture group (n=9)
received freatment at traditional acupuncture points for low back pain, while the other acupuncture
groups received superficial (n=9) or deep (n=9) treatments on trigger points. Outcome measures were
VAS pain intensity and Roland Morris Questionnaire.

Results After treatment, the group that received deep needling to trigger points reported less pain
intensity and improved quality of life compared to the standard acupuncture group or the group that
received superficial needling to trigger poiuts, but the differences were not statistically significant. There
was a significant reduction in pain intensity between the treatment and interval in the group that received
deep needling to trigger points (P<0.01), but not in the standard acupuncture group or the group that
received superficial needling to trigger points.

Conclusion These results suggest that deep needling to trigger points may be more effective in the
treatment of low back pain in elderly patients than either standard acupuncture therapy, or superficial
needling to trigger points.

Keywords
Trigger point, low back pain, elderly, randomised controlled trial.

Introduction
Chronic low back pain (LBP) is a major health
problem in modern society. Seventy to eighty five
percent of the population will experience back
pain at some time in their lives.! Each year, 5-10%
of the workforce is off work because of their LBP,
but most of them are off for less than seven days.
Almost 90% of all patients with acute LBP
recover quite rapidly, regardless of therapy.! The
remaining 10% are at risk of developing chronic
pain and disability and account for more than 90%
of the social costs for back incapacity’ The
proportion of elderly patients who have LBP is
greater than that of young adults.

In younger adults most back pain arises from

the physical stresses on normal spinal structures,’
whereas in the elderly, osteoarthrosis of the
intervertebral joints and/or osteoporosis with
collapse of the vertebral bodies is almost
invariably present. Analgesia in the elderly is
frequently unsatisfactory, and the incidence of
adverse drug reactions, particularly to non-
steroidal anti-inflammatory drugs (NSAIDs), is
well known.' For this reason, many patients
request physical therapies such as acupuncture,
Acupuncture has been frequently applied to
chronic LBP. A number of randomised controlled
trials on acupuncture for chronic LBP have
already been published.™ In 1997, during the NIH
Consensus Conference, and more recently in
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start (1) end (1) start (2) end (2) final
VAS VAS VAS VAS VAS VAS  VAS VAS VAS
RMQ RMQ RMQ RMQ RMQ

Figure 1 Time line of the trial. Evaluation was performed immediately before each treatment. VAS: visual

analogue scale, RMQ: Roland Morris Questionnaire.

gystematic reviews indicating equivocal results,’
the question was asked: can acupuncture
contribute to the conservative treatment of chronic
LBP? The common conclusion was that all the
studies conducted so far lacked adequate design
and methodology, including adequate control of
the quality of the administered acupuncture.
Furthermore, the method of point selection in
published trials seems to be more simple and
formulary than that used in the standard
acupuncture practice at our clinic. We believe that
the response to acupuncture and therefore the
success of a trial depends to an important degree
on the choice and the number of points needled.

Our main aim in this study was to determine
whether acupuncture at trigger points is an
effective treatment for chronic LBP in the elderly,
when compared to standard acupuncture at
traditional points.

Methods

Fatients

Patients aged 65 years or over with a history of
LBP were recruited from the Meiji University of
Oriental Medicine Hospital specifically for the
study. Inclusion criteria were (1) lumbar or
lvmbosacral LBP for a duration of six months or
longer; (2) no radiation of LBP; (3) normal
neurological examination findings of lumbosacral
nerve function, including deep tendon reflexes,
plantar response, voluntary muscle action, straight
leg raising, and sensory function; and (4) no
previous treatment with acupuncture for LBP
Exclusion criteria were (1) major trauma or

systemic disease; and (2) other conflicting or on-
going freatments. However, patients were included
with medical conditions if there had been no
change in drugs or dosage taken for one month
or longer.

Patients who gave written informed consent
were enrolled and randomly allocated, using a
computerised randomisation programme, to one
of three groups: the standard acupuncture (SA)
group, who received acupuncture at traditional
points for LBP, or the group that received
superficial needling to trigger points (S-TiP) or
the group that received deep needling to trigger
points (D-TrP). Ethical approval for this study was
given by the ethics committee of Meiji University
of Oriental Medicine.

Design

The study was a subject and assessor blinded,
randomised, controlled clinical trial. The three groups
received two phases of acupuncture treatment with
an interval between the two phases (the original
design was a crossover study). Each phase lasted
three weeks and the total experiment period was
12 weeks (Figure 1). Each patient received a total
of six 30 minute treatments, one per week.

Blinding

Patients were blinded to their treatment. They
were told before randomisation that they would
be allocated to one of three treatments. The
measurernents were performed by an independent
investigator who was not informed about the
treatment allocation.
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Low back
BL23, BL25

Hip
BL31, BL32
BL54, GB30

Leg
BL40, BL60
GB34

Figure 2 Acupuncture points used for treatment of
the standard acupuncture group.

Treatment

The SA group received ireatment at fraditional
points for LBP. After a literature review on
acupuncture for LBP, only widely accepted
acupoints were selected.*" The standard points in
the lumbar region (local points) were BL23, 25,
and GB30; standard points on the lower extremity
(distal points) were BL40, 60 and GB34,
Additionally, up to four ah shi points of greatest
tenderness were chosen, which were often close
to, but not necessarily identical to, BL54, 31 and
32 (Figure 2). In the SA group, disposable
stainless needles (0.2mm x 40mm, Seirin Co Ltd)
were inserted into the muscle (to a depth of
20mm) and the ‘sparrow pecking’ technique
(alternate pushing and pulling of the needle) was
applied. When the subject felt dull pain or the
acupuncture sensation (de ¢i), the manipulation
was stopped and the needle retained for ten more
minutes.

The S-TrP and D-TrP groups received
treatment at trigger points. The correct application
of the technique requires experience in palpation
and localisation of tender points in taut bands of
skeletal muscle (myofascial trigger points).
Precise needling of active myofascial trigger
points provokes a brief coumtraction of muscle
fibres. This local twitch response should be
elicited for successful therapy, but it may be
painful and post-treatment soreness is frequent.'*?

In this study, the most important muscles of the
lumbar and lower extremity were examined for
myofascial trigger points (Table 1). In the trigger
point acupuncture freatment groups, disposable
stainless needles (0.2mm x 50mm, Seirin) were
inserted into the skin over the trigger point. In the
S-TrP group, insertion was to a depth of about
3mm; in the D-TrP group the needle was advanced
a further 20mm into the muscle, The ‘sparrow
pecking’ technique was then applied. In S-TrP
group, when the subject felt a kind of dull pain or
acupuncture sensation (de gi), the manipulation
was stopped and the needle retained for ten more
minutes. In contrast, in D-TrP group the
manipulation was stopped when the local twitch
response was elicited, and the needle retained for
a further ten minutes. The mean number of
insertions was 2.3,

The acupuncture was performed by an
acupuncturist who had four years of acupuncture
training and seven years of clinical experience.

Evaluation

Primary outcome measures were pain intensity,
quantified using a 10cm visual analogue scale
(VAS), and pain disability," measured vsing the
Roland Morris Questionnaire (RMQ)."” The RMQ
consists of 24 questions answered yes or no (range
024 points, the worst condition being 24).

The VAS measures were assessed immediately
before the first treatroent (pre) and one, two, three,
six, seven, eight, nine, and twelve weeks after the
first treatment. The RMQ measures were assessed
before the first treatment and three, six, nine, and
twelve weeks after the first treatment. The VAS and
RMQ measures were completed by participants
immediately before each treatment (Figuse 1).
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Period 1
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-1 drop out

~<—73 drop out

Figure 3 Participation flow in the study. Eight patients were excluded after dropping out.

Statistical analysis

The data ere reported as means =+ standard
deviation (mean+SD), The nonparametric Tukey,
Dunnett’s multiple test, Fisher’s exact test and
one-way ANOVA (StatView v5; SAS Institute
Inc, NC) were used for the statistical anAlysis.
The level for statistical significance was set at
P<0.05. Comparisons were made before and after
each treatment, and between three kinds of
intervention.

Results
Patient characteristics
Thirty-five patients (25 women, 10 men; age
range: 65-81 years) were randomised and started
treatruent. No differences were found between the
three groups regarding the variables measured at
baseline including age, disease, pain duration,
VAS and drog use (Table 2).

Patient progress through the trial is shown in
Figure 3. Four patients in the SA group and three
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Figure 4 Effect of acupuncture on VAS score for chronic LBP. There were significant reductions in pain
intensity between the treatment and interval for the deep trigger point acupuncture group (P<0.01,
Dunnest'’s multiple test). By the end of treatment, the deep trigger point acupuncture group reported less
pain than the other groups (difference not significant).

@ standard acupuncture group (n=9), 4 : superficial trigger point acupuncture group (n=9),&: deep
trigger point acupuncture group (n=9),

patients in the S-TrP group dropped out as they
had no response to treatment. Also, one patient in
the D-TrP group dropped out due to adverse
effects (deterioration of symptoms). The dropout
rate was not statistically different between the
groups (P=0.49, Fisher’s exact test). The analyses
were performed on the 27 patients who completed
the study.

VAS score

As shown in Figure 4 and Table 3, the mean VAS
scores tended to decrease from three weeks after
the first treatment, although the time courses
among the groups were different. In the D-TrP
group, statistically significant differences were
seen when comparing the VAS scores pre-
treatment (66::17mm) with three weeks later

ACUPUNCTURE IN MEDICINE 2004;22(4):170-177.
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Figure 5 Effect of acupuncture on Roland Morris Questionnaire scores in chronic LBP. By the end of
treatment, the deep trigger point acupuncture group showed the greatest improvement in scores, but the
difference was not significant. The notation is the same as in Figure 3.

(33+19mm, P<0.,01, Dunnett’s multiple test).
However, this improvement was reversed by the
end of the interval (53+23mm). Significant
improvements were again shown for VAS for the
D-TrP group comparing pre-ireatment and follow
up (P<0.01, Dunnett’s multiple test). There were
no significant differences between pre-treatment
scores and later scores for the SA or S-TrP groups.

By the end of the second treaiment (nine
weeks after the start of treatment), the D-TiP
group reported relatively lower pain intensity than
the SA or S-TrP groups, although the differences
were not statistically significant (ANOVA).

Functional impairment

As shown in Figure 5 and Table 4, mean RMQ
scores tended to decrease at three weeks after the
first treatment, although the time courses were
different between groups. In the D-TrP group, a
statistically significant difference was observed
comparing pre-treatment score (9.8+£1.9) with
three weeks later (4.8+3.1, P<0.0]1, Dunnett’s
multiple test), but there were no significant
reductions in the scores for this period in the SA
or S-TrP groups. By the end of the second course
of treatment, the D-TrP group reported less pain
intensity compared to the SA or S-TxP groups, but
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the difference was not statistically significant
(P>0.5, ANOVA).

Discussion

In the present study, there was a statistically
significant reduction in both pain VAS and RMQ
in the D-TrP group over the first treatment period,
and for VAS over the whole time of treatment.
There was no significant reduction in pain or
RMQ for and SA or S-TrP groups. These results
suggest that deep trigger point acupuncture
therapy may be more effective than other forms of
acupuncture therapy for LBP in elderly patients.

Chronic LBP is a very common complaint in
elderly patients. Acupuncture treatment has been
used for pain relief for a Jong time. Several studies
have examined the efficacy of acupuncture
treatment for chronic LBP!*? As a consequence
of the almost universal presence in the elderly of
osteoarthrosis of the intervertcbral joints and
osteoporosis with collapse of the vertebral bodies,
the muscles in the lumbar region and hip girdle are
likely to have suffered stresses over a long period.
Therefore, acupuncture treatment directed at the
muscles has been advocated as an effective
treatment of chronic LBP.

In a systematic review of acupuncture for LBP,
Van Tulder et al included 11 clinical studies, eight
of which compared acupuncture point stimulation
with sham acupuncture.® No significant
differences were found between the two
stimulation techniques, In evaluating the efficacy
of acupuncture, three important parameters are the
site, mode and intensity of the stimulation. For
assessing the parameter ‘stimulation site’, one can
define the number of stimulation sites and their
location (traditional acupoint or tender
point/trigger point), In most previous studies, the
stimulation sites were traditional acupuncture
points, !¢

Our results suggest that the response to deep
needling of trigger points may be greater than the
response to needling the traditional acupoint, at
least three weeks after the start of treatment. These
results suggest that the stimulation site is
important, and the acupuncture stimulation of
myofascial trigger points might be most effective
on chronic LBP in elderly patients.

The trigger point as a (reatment site for
acupunciure

The myofascial trigger point hag been defined as a
highly localised and hyper-irritabie spot in a taut
band of skeletal muscle fibres.® Important
characteristics of a myofascial trigger point
include tenderness, referred pain or referred
tenderness, and a local twitch responge.”
Acupuncture or dry needling of a myofascial
trigger point appears to provide immediate relief
of pain related to that myofascial trigger point.
However, the most effective form of acupuncture
for treating myofascial trigger points is still
unclear.

In this study, clinical results suggested that
deep stimulation has a better amalgesic effect
than superficial stimulation, although the
difference was not statistically significant. The
strength of stimulation may depend on different
parameters such as manipulating procedure, size
of needle and the depth of needle insertion,
It seems self-evident that there would be
differences in the effects of superficial and deep
insertion because of the different tissues that are
stimulated. Deep insertion of the needle affects
several structures (skin, fascia, muscle), whereas
superficial insertion affects only the skin. "
Myofascial trigger points are supposed to be sites
where nociceptors, such as polymodal-type
receptors, have been sensitised by various factors.
In particular, sensitised nociceptors at the fascia
might be possible candidates for the localised
tenderness.? The polymedal-type receptors are
also proposed as possible candidates for
acupuncture and moxibustion because they
respond to chemical, thermal, and mechanical
stimulation, all of which can generate an analgesic
effect.® These data suggest that acupuncture
stimulation of myofascial trigger points in muscle
may produce greater activation of sensitised
polymodal-type receptors, resulting in stronger
effects on pain relief. We should be aware of
the fact that the polymodal receptors are
distributed in the skin as well as the fascia and
muscle, and should not exclude the possibility that
superficial needling may activate polymodal
receptors in the skin and produce analgesic
effects.
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