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ABSTRACT

Objectives
There is growing evidence from experimental studies that acupuncture dose or technique

influences the speed of onset of hypoalgesia. The aim of this study was to investigate the
effects of acupuncture using two or four needles on experimental contact thermal pain in healthy

volunteers.

Methods
Forty two participants were randomised to 3 groups: 4 needle group (LI4, LI11, LI10, TE5), 2

needle group (verum at LI4, LI11 and mock at LI10, TE5) and mock-acupuncture group (LI4,
LI11, LIM10, TE5). Each participant rated pain intensity (VAS) to a series of noxious stimuli
administered to the forearm, 2°C above heat pain threshold during needling and immediately

after removal of the needles.

Results
Experimentally-induced heat pain intensity (VAS) during and after the intervention was lower

than pre-intervention but there were no statistically significant differences in this change
between groups. There were no statistically significant differences between groups in the time
taken for pain intensity to decrease by 33% from pre-intervention. However, a 33% decrease in
pain intensity within 3 minutes of needle insertion was observed for 13 (92.9%) participants in
the 4 needle group compared with 66.7% participants in the 2 needle group and 57.1% in the
mock acupuncture group. There was less variance in VAS in the 4 needle group suggesting

more consistency in hypoalgesic response when using more needles.

Conclusions
There was tentative evidence that 4 needles may be superior to 2 needles at generating rapid

onset hypoalgesia. The findings suggest that further investigation is warranted.



INTRODUCTION

Evidence suggests that acupuncture is effective for providing pain relief [1], and the insertion of
at least four needles may be a necessary pre-requisite for an adequate dose [2-4]. A meta-
analysis of 17,922 individuals with chronic pain who had participated in randomised controlled
trials (RCTs) found little evidence that the number of acupuncture needles used during
treatment affected pain, although better pain outcomes were associated with more needles

when compared with non-acupuncture controls [5].

Few studies have investigated the effects of the number of acupuncture needles on clinical
outcome. Ceccherelli et al. [6] failed to detect differences in pain relief achieved during
acupuncture using 5 needles and 11 needles in patients with neck pain, although both groups
achieved meaningful therapeutic pain relief. Taechaarpornkul et al. [7] found that
electroacupuncture administered using 2 and 6 needles reduced pain and stiffness, and
improved physical function in osteoarthritis of the knee. In laboratory studies, Li et al. [8] found
no differences in the magnitude of hypoalgesia produced by deep needling of L14 and LI11
individually (1 needle) and in combination (2 needles) suggesting that combined needling of
points from the same meridian did not enhance outcome. Backer et al. [9] found that
acupuncture administered using 5 needles bilaterally at LI4 and 4 non-acupuncture points,
produced a greater change in electrodermal activity, reflecting sympathetic nerve activity,

compared with 1 needle at LI4.

Studies using healthy human participants exposed to experimentally-induced pain have tended
to focus the role of needle manipulation. Zaslawski et al. [11] found that needle location and
needle manipulation influenced pressure pain threshold. Benham et al. [10, 22] have found that
bi-directional needle rotation of ‘deep tissue’ increased hypoalgesia with a weak positive
correlation between hypoalgesia and the intensity of needle sensations. Choi et al. [13] found
that pressure pain threshold increased during deep needling with needle rotation compared with
superficial needling (0.3 cm) without rotation and deep needling (2 cm) without rotation. They
concluded that needle sensation and pressure pain threshold increased according to the depth
and rotation of acupuncture. Langevin et al. [14] found that bi-directional rotation of the
acupuncture needle generated mechanical stretching of tissues and mechanical transduction
leading to nerve fibre activity that produced rapid-onset alterations in cellular activity such as
cytoskeletal remodeling in connective tissue fibroblasts. Interestingly there are very few studies
that have investigated the effects of the number of acupuncture needles on experimentally-
induced pain. Amand et al. [12] found that acupuncture administered using 5 needles inserted
to a depth of 12 mm with bi-directional rotation at verum points produced larger increases in

electrical and heat pain thresholds when compared with control but not with sham needling.



Physiological studies have found that neuronal activity alters as soon as connective tissue fibres
are manipulated suggesting that acupuncture has the potential to produce rapid onset
hypoalgesia [14]. Rapid-onset analgesia is important in various painful conditions, including
cancer breakthrough pain. The intensity of pain may become very severe within minutes and
even fast-acting opioid preparations are inadequate. Evidence suggests that acupuncture may
produce rapid onset analgesia in some patients experiencing postoperative pain [15] [17] and
acute musculoskeletal injuries [16]. There has been limited research on the influence of

needling technique on the speed of hypoalgesia.

The aim of this study was to investigate the effects of bi-directional rotation of different numbers
of acupuncture needles on experimentally-induced contact heat pain in healthy human
volunteers. Experimentally-induced contact heat pain delivered using the Peltier principle has
been used with success to assess the hypoalgesic effects of acupuncture on pain sensitivity

response in healthy human participants [18].



MATERIALS AND METHODS

The study employed a repeated-measure, parallel groups design using healthy human
participants randomised to receive either acupuncture with four needles, acupuncture with two
needles or mock acupuncture with no needle insertion. Approval was given by Leeds
Metropolitan University’s Ethics Committee and the Research and Development Unit at Airedale
NHS Foundation Trust. Participants were recruited from university and hospital staff, students

and associates.

Potential participants were given an information sheet inviting them to attend the laboratory for
one session which included screening, familiarisation with the equipment and procedure, and
informed consent. Participants were excluded if they felt unwell on the day of the study, had any
blood clotting disorder, were taking anticoagulants and had an unstable prothrombin time (blood
clotting tendency), had experienced seizures or had needle phobia or allergy to stainless steel.
Participants were not excluded if they had received acupuncture before. They were informed

that they could withdraw from the study at any time. Written, informed consent was obtained.

During the study visit participants were familiarised with the techniques to be used. Age, sex,
existing medical conditions, medication and whether the participant had received acupuncture
before was documented on a case report form. Participants were then randomised to the 4
needle group, the 2 needle group or the mock acupuncture group using a computer-generated
block randomisation and sealed envelope method. Participants were blinded to their group
allocation but blinding of the investigator was not possible because they also administered the

intervention.

<H1> Procedure

Each participant took part in one experimental session (Figure 1) that consisted of:

a) Determination of the test temperature to be used during the experiment which was 2°C above
their heat pain threshold (i.e. test heat pain temperature);

b) Measurement of pain intensity at this test temperature pre, during and post intervention.

<H2>Determination of test heat pain temperature

Participants sat on a chair with the left forearm resting on a table, with the elbow bent to 90°. A
screen was placed so that the forearm was not visible to the participant. Four acupuncture
points were marked on all participants. A thermal sensory analyser (TSA) model TSA-II (Medoc,
Israel) was used to deliver contact heat to the skin of the forearm. The thermode (30x30mm) of

the TSA was attached to the radial aspect of the upper third of the forearm.



Baseline forearm temperature was set at 32°C and maintained for 5 minutes so that participants
adapted to the temperature and did not sense warmth or cold. Then, the forearm temperature
was increased at a rate of 1°C per second and participants were asked to indicate when they
experienced the first sensation of pain. This temperature was recorded as heat pain threshold.

The ‘test temperature’ was set at 2°C above this threshold.

<H2> Measurement of pain intensity at test temperature

Measurements of pain intensity were taken at time zero (pre-intervention), and then repeatedly
throughout the 10 minute intervention period when needles were applied to the skin (during
intervention) and repeatedly for 5 minutes after the needles had been removed from the skin
(post-intervention) (Figure 1). Measurements of pain intensity were recorded using visual
analogue scales (VAS) anchored at 0Omm = “no pain” and 100mm = “worst pain imaginable”

during a series of identical experimental cycles.
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Fig. 1. Experimental timeline

During each experimental cycle temperature increased from baseline 32°C at a rate of 1°C per
sec to the ‘test temperature’ and was then maintained for 4 seconds whilst the participant rated
pain intensity. The temperature then returned to baseline (rate 1°C per sec) for 4 seconds, to
prevent participants becoming accommodated to the heat before the next experimental cycle
(Figure 2). Experimental cycles continued for 10 minutes whilst the needles were in situ. Since
test temperatures differed between participants, the duration of each experimental cycle varied

slightly between participants.
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Fig. 2. Single Cycle Timelines

<H2> Interventions
Participants received one of the following interventions:
e Verum acupuncture with 4 needles at LI4, LI11, LI10, and TES5;
e Verum acupuncture with 2 needles inserted at L4, LI11 and mock acupuncture without
needle insertion at LI10 and TES;
e Mock acupuncture at LI4, LI11, LI10, and TES.

Verum acupuncture was performed by inserting one needle into each point. Mock acupuncture
was performed by making a single skin tap over each point using a plastic guide tube, to aid
blinding. Participants were told that they might receive ‘real’ acupuncture or ‘fake’ acupuncture
but will feel a tap on the skin regardless of which group they were assigned to. They were also
told that needle sensations varied from person to person and they may or may not feel a

sensation.

The intervention was based on a medical model of acupuncture treatment by selecting points in
the same dermatome as the thermode (i.e. ipsilateral C6/7). Needles at LI4, LI11, and LI10 were
inserted into muscle tissue to maximise potential for mechanical stimulation of connective
tissue. Bi-directional rotation (or mock bi-directional rotation) of needles began as soon as they
were inserted using the same sequence for each participant: L111, LI10 (if required), TES (if
required), followed by LI4. Each needle was bi-directionally rotated continuously for 15 seconds
at a rate of approximately 2Hz with no time gaps when moving on to the next acupuncture point.
Mock rotation was achieved by rotating a guide tube just above the skin over the 4 acupuncture
points in turn, so the participant was aware that some manipulation was taking place behind the

screen.

A total of 40 periods of rotation were performed for each participant during the 10 minute

needling phase: 10 periods of bi-directional rotation for each of the 4 verum needles in the 4
7



needle group; 20 periods of bi-directional rotation for each of the 2 verum needles in the 2
needle group; and 10 periods of bi-directional rotation for each site in the mock acupuncture
group. VAS scores were recorded at the test temperature of each heat cycle throughout the
intervention period. All needles were removed at the end of the 10 minute intervention period
and the experimental cycles continued for a further 5 minutes. At the end of the experiment
participants were asked to say which group they thought they had been assigned to, before

being unblinded.

Table 1. Interventions in the three groups

Needles were Seirin J-type 25 x 30mm. All interventions were perpendicular, in the left arm, and
sustained for 10 minutes. Bidirectional rotation at 2Hz was given for 15 seconds. See text for
rationale of point selection.

Group Acupuncture | Needling depth or control Stimulation
points [19] intervention
4 needle LI4 1-1.5cm 10 sessions
LI11 2cm 10 sessions
LI10 1.5-2 cm 10 sessions
TE5 1cm 10 sessions
2 Verum LI4 1-1.5cm 20 sessions
needle Verum LI11 2cm 20 sessions
Mock LI10
Plastic guide tube tapped on none
Mock TE5 skin with no needle insertion
Plastic guide tube tapped on none
skin with no needle insertion
Mock Skin tap over Plastic guide tube tapped on Mock rotation of guide tube
acupuncture | LI4, LI11, LI10 | skin — no needle insertion above skin, 10 sessions at
(0 needle) and TE5 each location

<H1> Outcomes

The primary outcomes were mean changes in pain intensity from pre-intervention, intervention
and post-intervention phases within and between groups. The first time point at which pain
intensity (VAS) decreased by 33% of the pre-intervention, considered a clinically significant
change [20], was calculated for each individual and the numbers in each group reaching <33%

reduction in VAS at 90 and 180 seconds was used as a secondary outcome measure.

<H1>Data Analysis
The sample size for this study was based on recommendations for sample sizes of 20-40
participants for pilot studies where no prior information exists on which to power the study [21].

We decided to recruit 14 participants for each group.

Test temperatures were analysed using a one-way analysis of variance (ANOVA) to check for
differences between groups. VAS scores for each cycle were plotted for each individual and

visually inspected for any anomalies in the data. Mean + SD VAS scores were calculated for
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each group for each phase and compared using t-tests for mean pain intensity pre and during
the experiment, and one-way ANOVA to analyse differences between groups. Data were
checked for normality using a Kolmogorov-Smirnov goodness-of-fit test and boxplots for each
group were used to identify outlying values. Data were normally distributed so parametric

statistical tests were used.

The duration of each experimental cycle length was calculated for each participant as the sum
of the time to reach the test temperature, 4 second ‘hold’ time to reduce back to baseline
temperature and 4 second ‘rest’ period. From these data, the time at which the VAS score for
each participant had decreased by 33% from baseline was calculated. A data point of >300
seconds was recorded and used in the calculation of the group mean for participants where
VAS scores did not decrease by 33% of their pre-intervention value. The number of participants
achieving a 33% reduction in VAS scores within 90 and 180 seconds was calculated. Statistical

analyses were performed using Minitab version 16.



RESULTS

<H1> Characteristics of the participants

Forty five individuals expressed interest in taking part in the study. Three did not wish to enrol
and forty two agreed to take part and provided written consent (27 female and 15 male, mean
age = 36.2 SD 14.1 years). Twenty four of these 42 participants were acupuncture naive. One
adverse event occurred where a participant began to feel faint during the needle retention
phase. This participant was withdrawn from the experiment by the investigator and data up to

the point of withdrawal was included.

<H1> Test temperature (i.e. 2°C above heat pain threshold)

There were no significant differences between groups in mean test temperature (4 needle group
=43.7 SD 2.8°C; 2 needle group = 44.1°C + 3.1°C; mock acupuncture group = 42.9°C + 3.5°C,
F=0.492, p=0.615) or time taken to reach the test temperature (4 needle group = 15.7+£2.8s, 2
needle group = 16.1+£3.16s, mock acupuncture group = 15.0 £ 3.5s, F=0.486, p=0.619). There
were no significant differences in mean duration of experimental cycles between groups (4
needle group = 39.39 £ 5.61s, 2 needle group = 40.27 + 6.33s, mock-acupuncture group =
37.94 + 6.93s, p=0.619).

<H1> Pain Intensity (VAS)

Visual inspection of the VAS data revealed a wide range of pre-intervention scores (minimum =
7mm, maximum = 87mm) and a clustering of VAS scores below 30mm during and post
interventions for most participants. There were no clear trend lines or clustering of data points

across the time course of the experiment.

Pain intensity during the intervention (needle retention) was lower than pre-intervention,
irrespective of group (mean change (n=42) = -17.65+18.64, p <0.001, paired t-test). There were
no statistically significant differences between groups in the change in pain intensity during the
intervention compared with pre-intervention (4 needle group = -20.36+13.97; 2 needle group = -
16.56+19.18; mock acupuncture group = -16.03+22.83, F=0.216, p=0.807). Pain intensity post
intervention (needles out) was lower than pre-intervention, irrespective of group (mean change
(n=41) = -16.13+20.46, p<0.001, paired t-test). There were no statistically significant differences
between groups in the change in pain intensity post intervention compared with pre-intervention
(4 needle group =-22.59+15.97; 2 needle group = -13.65+27.02; mock acupuncture group = -
11.97+16.99; F=1.089, p=0.347).

<H1> Time to 33% reduction in VAS from pre-intervention
Pain intensity decreased by 33% of the pre-intervention baseline in 37/41 participants during the

10 minute intervention phase. There were no significant differences between groups in mean
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time to 33% reduction in VAS from pre-intervention (4 needle group = 78.2+48.0s; 2 needle
group = 169.0+162.5s; mock acupuncture group = 146.8+124.6s; n=41, F=1.96, p=0.156, one-
way ANOVA). Mean data for each group were normally distributed (Kolmogorov-Smirnov
goodness of fit found none of the groups were significant at D = 0.05). Visual inspection of the
box plot revealed larger upper and lower quartiles for the 2 needle group and mock acupuncture
group and larger variability outside the upper and lower quartiles (whiskers) for the 2 needle

group (Figure 3).

Time to 33% Pain Intensity Decrease
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Figure 3 Boxplot for Time to 33% PID

Pain intensity had decreased by 33% within 90 seconds in 11/14 (78.6%) participants in the 4
needle group, compared with 4/12 (33.3%) in the two needle group and 5/14 (35.7%) in the
mock acupuncture group. Comparison of means revealed no significant difference between the
4 needle and mock acupuncture groups (Z = 1.147, p = 0.246), the 4 needle and 2 needle group
(Z =0.839, p =0.390) or the 2 needle and mock acupuncture groups (Z = 0.251, p = 0.795).

Within 3 minutes of the start of the intervention 13/14 (92.9%) participants in the 4 needle group
had reached a pain intensity decrease of 33%, compared with 8/12 (66.7%) participants in the 2
needle group and 8/14 (57.1%) in the mock acupuncture group. Comparison of means revealed

a significant difference between the 4 needle and mock acupuncture groups (p<0.05, Z = 2.309,
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p = 0.029). There was no difference between the 4 needle and 2 needle group (Z = 1.647, p =
0.091) or the 2 needle and mock acupuncture groups (Z = 0.482, p = 0.617).

<H1> Blinding of participants

Thirty two of the 42 participants correctly identified their group allocation, of which eight were
acupuncture naive. Of the 10 participants who did not correctly identify their group allocation
eight were acupuncture naive. The remaining eight acupuncture naive participants were unsure
of their group allocation. Twelve of the participants described strong needle sensations from
point LI4 or point LI11 and two participants described a strong experience of relaxation. Two
participants from the 4 needle group experienced such a strong needle sensation they
commented that it almost completely masked the thermal pain. One participant commented that
they ‘got used to the pain’ as the experiment progressed. Interestingly, five participants from the
mock-acupuncture group claimed to have experienced some mild sensation from the

acupuncture sites.

DISCUSSION

This experimental study found no significant difference in reduction of contact thermal pain
between groups experiencing 4 needles, 2 needles and 0 needles (mock acupuncture) with
continuous bi-directional rotation. However, there were trends that support the possibility that 4
needles had a greater effect on pain intensity. A greater proportion of participants from the 4
needle group achieved a 33% reduction in pain intensity with 3 minutes following needle
insertion when compared with 0 needles (mock acupuncture) but not when compared with 2
needles. Moreover, there was less variance in pain scores in the 4 needle group suggesting
more consistency in hypoalgesic response. The aim of the study was to investigate the effect of
fewer needle placements per se. Hence, the duration and technique of needling was identical
between the 4 and 2 needle groups, but through fewer points. This may have contributed the
failure to detect statistically significant differences between groups under the present conditions.
Our findings add to the growing body of evidence suggesting that needle technique affects
hypoalgesia [12, 13, 22], but provides only tentative evidence that more needles increase
hypoalgesia and that at least 4 needles are required for an adequate dose of acupuncture for
pain [2-4].

Our findings provide tantalising evidence that more needles increase the speed of onset of
hypoalgesia. A greater proportion of participants from the 4 needle group achieved a 33%
reduction in pain intensity with 3 minutes following needle insertion when compared with 0
needles (mock acupuncture) but not when compared with 2 needles. The rapidity of onset of
hypoalgesia may have potential benefits for rapid-onset pain such as acute trauma and

breakthrough pain. There is a lack of research on the clinical efficacy of acupuncture for cancer
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pain [23]. Data from a case series suggests that acupuncture may be useful for cancer-induced
bone pain [24] and especially for breakthrough pain [25]. Fast-acting fentanyl preparations only
become effective within 10-15 minutes, which may not be rapid enough to offset breakthrough
pain which can reach peak intensity within 3 minutes or less. Evidence suggests that
acupuncture needles may interact mechanically with connective tissue to produce an immediate
onset hypoalgesia. Langevin and colleagues have shown that connective tissues wind around
needles on the first rotation resulting in immediate mechanical effects that extend along
connective tissue planes beyond the site of needle insertion [14]. Thus, it seems plausible that
acupuncture using sufficient numbers of needles could be used alone or in combination with
opioid preparations to produce rapid onset pain relief and lower doses of opioid medication and

their associated adverse effects such as nausea, somnolence, constipation and headache [26].

Methodologically robust experimental studies are starting to provide evidence to support the
widely held belief that greater hypoalgesia may be attained using techniques that increase the
intensity of needle stimulation including deeper insertion of needles [13] more vigorous needle
manipulation (rotation) [22] and more needles [9]. It is possible that these techniques increase
the likelihood of conditioned pain modulation (i.e. diffuse noxious inhibitory controls) whereby a
noxious stimulus reduces the sensation of pain in a different receptive field [27]. It has been
suggested that intense stimulation of Ad and C afferents and their sensory receptors from
needle manipulation of deep structures may produce a ‘counter-irritation’ conditioned pain
modulation effect. Sprenger et al. [28] found that the speed of onset of condition pain
modulation was within a few seconds following noxious thermal stimuli and that these effects
were partly reversed by naloxone suggesting a role for endogenous opioids. The depth of
insertion and rotation of needles has been found to correlate with acupuncture needle
sensations (de qi) [10] and this may be predictive of hypoalgesic response [29], although clinical
evidence is not strong. Interestingly, three participants reported that the intensity of needle
sensation may have masked heat pain raising the possibility that very strong needle sensation
might have distracted some participants from the thermal pain. Acupuncture needle sensations

were not recorded in the present study.

There were a number of potential shortcomings in this study. The small sample size raises the
possibility of a type Il error, although it was intended from the outset that the findings would be
used to provide data upon which to calculate an adequate sample size for larger studies in the
future. In the experimental debrief a small proportion of the participants reported that they
believed they had become “accustomed” to the thermal pain as the experiment progressed. We
suspect that this was a hypoalgesic response to acupuncture rather than habituation to the

thermal stimulus because repeated exposure to noxious stimuli usually results in sensitisation
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(‘wind-up’). As always, one should be cautious about extrapolating the findings of experimental

studies to the clinical environment.

In conclusion, this study failed to detect statistically significant differences in experimentally-
induced heat pain during and immediately after acupuncture administered using 4 needles, 2
needles and 0 needles (mock acupuncture). There was tentative evidence that 4 needles may
be superior to 2 needles at generating rapid onset hypoalgesia. It is hoped that these findings
will catalyse further experimental and clinical studies to inform the potential use of acupuncture

for rapid-onset pain such as breakthrough cancer pain.

SUMMARY POINTS

We compared the effect of acupuncture administered using 4 needles, 2 needles and 0 needles
(mock acupuncture) on experimentally-induced heat pain.

There were no statistically significant differences between groups in pain intensity or time taken
for pain intensity to decrease to 33% of pre-intervention baseline.

There was tentative evidence that 4 needles may be superior to 2 needles at generating rapid

onset hypoalgesia.
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