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Abstract
Fibromyalgia syndrome (FMS) is a chronic pain syndrome characterised by central sensitisation resulting in
hypersentivity of the skin and deeper tissues as well as fatigue. Possibly the princess in Hans Christian
Andersen’s ‘The Princess and the Pea’ suffered from FMS since chronic sleep disturbances are typical in FMS.
These sleep disturbances have been attributed to a dysfunction in the systems regulating sleep and wakefulness
resulting in loss of deep sleep. In addition, many patients with FMS experience cognitive dysfunction,
characterised by impaired concentration and short term memory consolidation, a complaint also commonly
reported in other sleep disorders.
In recent reviews evaluating the efficacy of acupuncture in FMS it has been concluded that acupuncture
has no specific effect. A prerequisite for this conclusion is that all the major symptoms in the syndrome have
been assessed. However, previous studies have generally focused on the pain alleviating effect of acupuncture
in FMS. We have observed that not only pain but also sleep and cognitive dysfunction may be ameliorated
in response to acupuncture, suggesting that these variables should be taken into account when evaluating the
effects of acupuncture in FMS. Furthermore, the results demonstrated great individual variability apart from
the systematic effects related to the group, indicating that individually performed treatment strategies are
required. Our suggestion is supported by experimental and clinical studies showing that acupuncture may affect
insomnia and alertness, and that there may be neurophysiologic bases for these specific effects.
Keywords
Acupuncture, fibromyalgia, sleep, review.

Introduction
‘The Princess and the Pea’ or ‘How to tell a True
Princess’ is a Danish fairy tale by Hans Christian
Andersen, first published in 1835. In the plot, a
handsome prince in a rich kingdom searched for a
princess, to take her place beside him. So the prince
travelled around the world and met with all the
princesses. Alas, none of the princesses he met suited
him. He was sad and lonely once again having returned
from yet another one of these trips. The very next
evening, during a terrifying storm, there was a knock
at the palace gate. The old king asked the guards to
open it. Outside in the roaring storm was a girl claiming
to be a princess. Although no one believed her, she
was invited in to stay for the night. The queen then
planned to check the young girl’s claim and without
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saying a word she went to the bedroom, uncovered
the bedclothes, and put just one small yellow pea in the
bottom of the bed. Then she took twenty mattresses and
piled them on the pea and above that twenty eiderdown
feather beds. Up on top of all these the princess was to
spend the night. All through the night, the young girl
tossed and turned, in pain every time she lay on her
side. Her shoulders and hips were so sore and she
could not think why, as it was such a comfortable bed.
The next morning when the girl woke up, the queen
asked how she slept. ‘Oh, very badly!’ she said. ‘I
barely closed my eyes all night. Heaven only knows
what was in the bed, but I was lying on something
hard, and now I am black and blue all over my body.
It’s awful! I am sorry to complain’ The prince smiled
to himself for then he knew he had found a real
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princess, as nobody but a princess could be so delicate
that she could have felt one pea all the way through all
mattresses and feather beds. The Prince decided to
marry this princess in great haste.
Possibly this fairy tale is one of the best
descriptions of the characteristics of a woman with
fibromyalgia syndrome (FMS). FMS is a chronic
syndrome characterised by central and peripheral
sensitisation resulting in hypersensitivity in the skin
and deeper tissues as well as fatigue and sleep
disturbances.1-3 In addition, many patients with FMS
experience cognitive dysfunction, including impaired
concentration and short term memory consolidation.4;5
It has been suggested that all these symptoms are
triggered by or associated with sleep disturbances.6;7
The basic function of sleep is still relatively
unknown because of its complexity.8-10 It has been
suggested that sleep is a dynamic time of healing
and growth and that deprivation may result in a
number of disorders.11;12 Sleep deprivation also results
in increased sensitivity to noxious stimulation in
animals and humans.13-18 As reported by the princess
in the tale, pain may interrupt sleep and it has been
shown that that poor sleep influences pain
perception,19-21 but also that sustained nociception
may produce a marked sleep disturbance and
alterations in prolactin and growth hormones.22-25
Interestingly, many of the brainstem structures which
control sleep are also involved in the modulation of
pain processing.26 Furthermore, sleep seems to have
a key function in memory processing and
consolidation.27 Early nocturnal sleep enhances
hippocampus dependent declarative memory, and
dreams enhance amygdala dependent emotional
memory.28 During our dream stages there is also
consolidation of spatial and procedural memory.28
In total, pain, sleep and memory processing share
many regulatory neurophysiological systems.
We have observed that the responses to
acupuncture treatment in patients with FMS are
amelioration of pain, sleep and cognitive dysfunction,
though the results demonstrated a great individual
variability, ie the individual’s rated change in response
to acupuncture was varied.29 These observations are
supported by experimental and clinical studies
showing that acupuncture may affect insomnia and
alertness, and that there may be a neuphysiological
basis for specific effects. Unfortunately, most reviews
on the efficacy of acupuncture in fibromyalgia have

focused on pain alleviation as the primary outcome
variable, thereby neglecting the effect of acupuncture
treatment on sleep and cognition.
Sleep
Sleep is the state of natural rest involving complex
physiological and behavioural processes, usually
accompanied by a reduction in voluntary body
movement, temporary blindness, decreased reaction
to external stimuli, loss of consciousness, an increased
rate of anabolism, and a decreased rate of
catabolism.30-32 Sleep may be divided into two main
types based on the results of assessment of the
encephalogram (EEG): sleep with rapid eye
movement (REM) and without REM, non-REM
(NREM).33;34
NREM sleep accounts for 75–80% of total sleep
time in which the body is active, the brain inactive
with relatively little dreaming. It consists of four
stages:
1. Stage N1, somnolence, or ‘drowsy sleep’, appears
at sleep onset with near disappearance of the
alpha waves seen in awake states, and appearance
for the first time of theta waves (frequency 4-7
Hz).
2. Stage N2, 45–55% of total sleep time, the
conscious awareness of the external environment
disappears and muscle tone lowers. It is
characterised by, ‘sleep spindles’ (12–16 Hz) and
‘K-complexes’ of the EEG.
3. Stage N3, 3–8% of total sleep time when
bedwetting, sleepwalking, and sleep talking can
occur. Slow wave sleep (SWS) where delta waves
or delta rhythms (0.5–4 Hz) appear.
4. Stage N4, is a deeper version of N3, in which
the deep sleep characteristic, such as delta waves,
are more pronounced. During Stages N3 and N4
growth hormone levels increase, and immune
function is restored.
REM sleep occupies between 20% and 25% of total
sleep time where the brain is active and the body
inactive, and this is when most dreaming occurs. It is
associated with muscle atonia, intermittently
interrupted by muscle twitching, and saccades of
quick conjugate eye movements (REMs). The EEG
has low amplitude waves and mixed high frequency,
similar in appearance to the awake EEG. REM sleep
is linked with suspended thermoregulation and
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autonomic dysregulation such as irregular respiration
and irregular heart beats.35;36
Both REM sleep and NREM sleep stages N3
and N4 are homeostatically driven; that is, if deprived
of one of these, it rebounds once the person is allowed
to sleep and the individual will sleep with an
increased duration and intensity to compensate for
lost sleep. This suggests that both are essential in
the sleep process and its many functions. REM sleep
may also be driven by a circadian oscillator, as studies
have shown that REM is temporally coupled with
the circadian rhythm of temperature.37-39
Clinical studies have demonstrated that
acupuncture may influence the ability to sleep and to
ameliorate insomnia.40 In an experimental study by
Yi and collaborators, 41 it was reported that
electroacupuncture (EA) stimulation of Anmian (extra
points) resulted in increased REMs and SWS.
Pharmacological blockade of muscarinic cholinergic
receptors by systemic administration of scopolamine
dose dependently attenuated EA induced changes in
REMs and SWS and bilateral lesions of the nucleus
tractus solitarius (NTS) blocked the EA induced sleep
enhancement. These results suggest that the NTS may
be involved in the regulation of EA induced sleep
alterations. It has also been reported that acupuncture
to sacral segments influences the EEG,42 and has a
suppressive effect on the state of vigilance.43-45
Regulation of sleep and wakefulness
The cycle of sleep and wakefulness is regulated by
activity in brain stem circuits, the thalamus, by
external stimuli, and by various hormones produced
in the hypothalamus. More specifically, essential
brain regions for sleep include: the suprachiasmatic
nucleus, the lateral hypothalamus, ventrolateral
preoptic nucleus, and the pineal gland.
• The suprachiasmatic nucleus (SCN) participates
in homeostasis and circadian regulation. The
homeostatic mechanism sets the sleep quota,46-48
and the circadian mechanism sets the time frame
for sleep during each day. 49 The SCN also
promotes arousal during the day. Loss of input
from the SCN causes a loss of sleep
consolidation.50;51
• The lateral hypothalamus is the source of arousal
promoting peptides hypocretins I and II. Lateral
hypothalamic neurons start firing before the
transition from sleep to wakefulness.52;53
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The ventrolateral preoptic nucleus is a sleep
generating centre. Two major nuclei have been
identified: one located in the ventrolateral preoptic
nucleus (VLPO) associated with non-REM sleep
and the other located dorsal and medial to the
VLPO (the extended VLPO) that is closely linked
to REM sleep.54;55 Ventrolateral preoptic nucleus
neurons are activated by sleep inducing factors
such as adenosine and prostaglandin D2. The
nuclei are also temperature (warm) sensitive.
These neurons in the VLPO contain inhibitory
transmitters like gamma-amino butyric acid
(GABA) and galanin, and project to arousal
neurons in the hypothalamus and brain stem. The
GABA release into the arousal areas increases
during REM sleep and the VLPO regulates the
amount of delta wave activity. Because the
activation of the VLPO is required for normal
regulation of sleep, it is an essential element of the
sleep wake central circuitry.
The pineal gland, located on the posterior aspect
of the third ventricle, secretes melatonin into the
surrounding cerebral sinuses in response to photic
information received primarily by the eyes. Upon
exposure to light, retinal ganglion cells release
melanopsin into the SCN.56 It has been suggested
that the concept of a biological night for humans
involves melatonin, cortisol, body temperature,
and sleep propensity fluctuations.57

The brain stem also plays a key role in sleep
regulation. Regions of neurons in the rostral reticular
formation (RAS) send projections to the forebrain
through two main pathways critical for regulation
of sleep wake cycles.58;59
1. One pathway ascends dorsally through the lateral
hypothalamus to the basal forebrain and projects
to multiple thalamic nuclei, which in turn have
widespread projections to cortical areas. Neurons
in the rostral pons and caudal midbrain are the
primary source of the ascending projections and
fire rapidly during wakefulness, but slow down
during slow wave sleep and resume rapid firing
again during REM (active) sleep. Acetylcholine
release in the thalamus increases during
wakefulness and REM sleep, and is primarily
excitatory.
2. Another pathway originates in the noradrenergic
nucleus, the locus coeruleus, and in the
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serotoninergic dorsal and median raphe nuclei. It
ascends ventrally through the lateral
hypothalamus and terminates on magnocellular
neurons in the substantia innominata, medial
septum, and the diagonal band. These regions
contain cortically projecting neurons whose cells
fire actively during wakefulness and become
inactive during REM sleep.
It has recently been demonstrated that different modes
of acupressure may induce alertness or relaxation,
suggesting that acupuncture may influence the
regulation of sleep and wakefulness.60;61 Interestingly,
participants’ beliefs as to which treatment they had
received did not significantly alter the observed
treatment effect implying that there may be a
physiological substrate behind the effects reported.
We have reported that acupuncture and also
massage-like stimulation induce the release of
oxytocin,62-64 and that oxytocin may have an antinociceptive effect.65-68 These results are supported by
Yang and collaborators,69 who reported that EA
stimulation of Zusanli (ST36) elevated oxytocin
concentration in the hypothalamic suprachiasmatic
nucleus, hypothalamic ventromedial nucleus,
thalamic ventral nucleus, and periaqueductal gray –
areas that contribute to pain modulation and also to
the regular cycling between sleep and wakefulness.
A role of oxytocin in sleep and wakefulness is
furthermore supported by its influence on the sleep
modulating hormone orexin.70
Stimulation by acupuncture has been shown to
influence the activity in the suprachiasmatic nucleus,
the lateral hypothalamus, the ventrolateral preoptic
nucleus, the pineal gland, the rostral reticular
formation, the dorsal thalamic nuclei, the substantia
innominata and the medial septum, supporting that it
may influence the anatomical substrate regulating
sleep and wakefulness.71-81
Sleep and pain
In a review by one of the pioners in the field, Harvey
Molodofsky, in 2001,82 it is concluded that noxious
stimuli and painful disorders hinder sleep, and that
disturbances in sleep also add to the occurrence of
pain. Noxious stimuli of muscles during SWS (slow
wave sleep) result in decreases in delta and sigma
but an increase in alpha and beta EEG frequencies
during sleep.83 Noise that results in the disruption of

SWS induce unrefreshing sleep, diffuse
musculoskeletal pain, tenderness, and fatigue in
normal healthy subjects and in patients with
musculoskeletal pain. 84-88 These symptoms are
accompanied by alpha EEG sleep patterns. The alpha
EEG patterns comprise phasic and tonic alpha EEG
sleep as well as periodic K alpha EEG sleep or
frequent periodic cyclical alternating pattern.89;90 Also,
disturbances in sleep and psychological distress
negatively influence the likelihood of return to work
in patients with low back pain.91;92
Chronic paroxysmal hemicrania and possibly
cluster headaches are connected to dysfunctional
REM sleep.93 On the other hand, morning headache
is not explicit in any primary sleep disorder but is
linked with snoring and sleep apnea.94-96 Yet, the
treatment of the sleep disorder alleviates both
morning headache and migraine.97 Futhermore, alpha
EEG sleep, as well as sleep related breathing
disorders and periodic limb movement disorders,
happen in some patients with FMS, rheumatoid
arthritis and osteoarthritis.87 Also, patients with
irritable bowel disorder commonly complain of
disturbed sleep and studies have shown that they
have increased REM sleep. 98-103 However, in
somatoform disorder, depression and sleep with
absence of alpha on EEG are common features.104
Many of the brainstem structures which control
the function of sleep 33 are also involved in the
modulation of pain processing.82 It has been reported
that changes in neuronal discharge rates in the
noradrenergic locus coeruleus or the serotoninergic
raphe nuclei are associated with changes in the sleep
stage as well as descending pain modulation.33;105
Also, acupuncture stimulation has been shown to
modulate activity in locus coeruleus and the raphe
nuclei.106-108
In summary, there is a reciprocal relationship
between sleep quality and pain.83-85;109 The recognition
of sleep disturbances should influence the
management of painful disorders. Possibly,
acupuncture stimulation may contribute to ameliorate
the condition.
Sleep disturbance in FMS
In 1975, Moldofsky and collaborators described an
alpha EEG, 7.5–11Hz, NREM sleep anomaly in
patients with FMS.110 They proposed that the alpha
EEG sleep was related to unrefreshing sleep, diffuse
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Figure 1 Paired data are shown for frequency of rated change in sleep disturbance in patients with FMS
(n=103), in response to acupuncture treatment period using an 11 category numeric rating scale (0=no
disturbance, 10=worst possible sleep disturbance). The frequency of rating for each category of the scale
is shown in this figure. The grey shaded diagonal from the lower left to the top right in the figure indicates
unchanged level of rated sleep disturbance.

myalgia, numerous localised areas of tenderness in
specific anatomic areas and mood symptoms. This
suggestion was supported by the reports from healthy
controls being exposed to noise disruption of stage 4
NREM (delta, SWS) or deep sleep.111;112 Later a
number of investigators confirmed the alpha EEG
sleep disorder in patients with fibromyalgia.113-121
Furthermore, the sleep disturbances are intimately
related to the somatic symptoms in fibromyalgia.112;123
So, the poorer the sleep, the greater the number of
tender points found in patients with FMS. However,
the number of tender points and painful regions, and
the frequency of poor sleep and fatigue, do not appear
to be related to psychological status.124
The possibility of a familial or genetic influence
in the pathogenesis of the disorder is implicated by
finding of the alpha EEG sleep pattern in the children
and their mothers.125 Although alpha EEG sleep may
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be found in non-complaining people the sleep pattern
may be a sensitive indicator for the subjective
complaints of unrefreshing sleep and daytime
symptoms.126
Acupuncture, sleep disturbance and FMS
In recent reviews regarding the efficacy of
acupuncture in FMS, it has been concluded that
acupuncture has no specific effect.127-129 However,
most of the reviews on the efficacy of acupuncture in
fibromyalgia have focused on pain alleviation. We
have observed that both sleep disturbances may be
ameliorated suggesting that this variable also should
be taken into account when evaluating the effects of
acupuncture in FMS.
In a complementary medicine unit, 103 patients
diagnosed as suffering from FMS and with sleep
disturbances were treated with acupuncture. The
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patients rated the sleep disturbance using an 11
category numeric rating scale (0-10) with the zero
level indicating no sleep disturbances and 10 worst
possible sleep disturbance. The data of the ratings
were collected in a standardised way for the purpose
of a clinical qualitative evaluation of the treatment.
When evaluating the results it was found that the
median level of the patients’ rated sleep disturbance
was 5 (range, 0 to 9) before acupuncture and 2 (range,
0 to 9) after acupuncture treatment. Five of the
patients (5%) rated increased sleep disturbance after
a treatment period of acupuncture, 24 (23%) rated
unchanged and 74 (72%) rated decreased sleep
disturbance after the acupuncture treatment period
(P<0.001), Figure 1. The results were analysed for
information of effects in common for the group,
named relative position (RP) and ranging from -1 to
1. We also analysed the individual variation, named
relative rank variance (RV) ranging from 0 to 1, ie the
individual contribution to the results not explained by
the effect of the group. The results demonstrated
significant effects on the group level, RP -0.46 (95%
CI -0.56 to -0.37), but also for the individual, RV
0.16 (95% CI 0.09 to 0.24). These results show that
in this group there is an effect on rated sleep
disturbances after acupuncture compared to before.
Before drawing conclusions on causality a study
using a control group or a waiting list control is
needed.
Our clinical experience shows that the sleep
disturbances among patients with FMS may be
improved by acupuncture. However, it is important
to emphasise that patients diagnosed as suffering
from FMS are probably not a homogenous group,
which could influence the variability in the results.
This suggestion is supported by the great individual
variation in response in the 103 patients, eg the
change in number of rated categories was 7 (from 9
to 2) for some individuals but just 1 category (from
7 to 6) in others.
A close interaction between sleep, pain and the
effects of acupuncture is supported by a previous
study showing that patients with FMS and severe
sleep disturbance perceived acupuncture treatment to
be less effective compared with patients who had
FMS and light sleep disturbance.130 Possibly, the
function of the hypothalamo-pituitary-adrenal (HPA)
axis plays a key role in FMS related to these effects.131
Studies evaluating patients with FMS have shown

disturbances in the HPA axis, including evidence of
elevated cortisol levels lacking diurnal
fluctuation,132;133 and impaired cortisol secretion in
response to stress and corticotropin releasing
hormone stimulation testing.132;134;135 Interestingly,
acupuncture has been shown to modulate the activity
in the HPA axis.136-142
Acupuncture and insomnia
A role of acupuncture in insomnia is also supported
by a recent review by Cheuk.143 The studies included
compared acupuncture with placebo or sham or no
treatment, or acupuncture plus a treatment compared
with the same (excluding acupuncture) treatment of
insomnia.144-150 These seven studies included 590
participants with insomnia. Meta-analysis was limited
because of considerable heterogeneity between
comparison groups and between outcome measures.
The analysis showed however, that acupuncture and
acupressure may help to improve sleep quality scores
when compared to placebo or no treatment. However,
the efficacy of acupuncture of many sleep variables
was inconsistent between studies. The authors
concluded that larger high quality clinical trials
employing appropriate randomisation concealment
and blinding combined with longer follow up are
needed to further evaluate the efficacy and safety of
acupuncture for the treatment of insomnia.
Sleep and memory processing
New studies indicate that sleep has a key function
in memory processing and consolidation. 151-154
Memory consolidation reflects processes that convert
labile memory representations into more permanent
ones available for continued reactivation and recall
over extended periods. Consolidation is the process
by which recently acquired memories, stored in the
hippocampus, are taken over by the neocortex with
time. It has, for example, been shown that sleep
triggers overnight learning on a motor sequence
memory task, whereas equivalent waking periods
produce no such improvement.118 This improvement
in motor memory is reflected in increased activation
of the right primary motor cortex, medial prefrontal
lobe, hippocampus, and left cerebellum. These
changes support faster motor output and more precise
mapping of key press movements. On the other hand,
there is a decrease in activity in the parietal cortex, the
left insular cortex, the temporal pole, and the frontal
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Figure 2 Potential mechanisms by which the amygdala mediates the influence of emotional arousal on
memory: PFC – prefrontal cortex; MTL – medial temporal lobe. Reproduced with permission of the
publishers from page 55 of Labar KS, Cabeza R. Cognitive neuroscience of emotional memory. Nat Rev
Neurosci 2006;7(1):54-64.
region, reflecting a reduced need for conscious spatial
monitoring and a decreased emotional task burden.
These findings have important implications for
acquiring real life skills and in clinical rehabilitation
after brain trauma and stroke.152
It has been suggested that cerebral input is first
saved in a temporary memory store, and then encoded
and transferred into long term memory during sleep
(see Figure 2).155;156 This is supported by studies
showing that sleep influences the mechanism
underlying remembering and forgetting.157
Memory processing, FMS and acupuncture
Our clinical experience shows that patients with
FMS, sleep and memory disturbances may be
improved by acupuncture. In the above reported
group, acupuncture resulted in pain alleviation,
improved sleep, short term memory consolidation,
speed of performance and the ability to multi task
performance (unpublished observations).
Recently, Han and collaborators demonstrated
that acupuncture exerted a protective effect on
cognitive impairment caused by cerebral multiinfarction in rats.158 Furthermore, in patients with
vascular dementia acupuncture treatment resulted in
improved cognitive functions including memory,
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orientation and calculation and also in self managing
ability in daily living.159 However, due to the limited
numbers of randomised controlled trials in the field,
Peng and coworkers concluded that randomised
double blind placebo controlled trials are urgently
needed to resolve the question of whether
acupuncture has a role in the treatment of cognitive
impairment following vascular dementia.160
Integrating the evidence
Chronic sleep disturbances are characteristic of FMS
syndrome and it has been suggested that these sleep
disturbances are the result of a condition in which
deep sleep is frequently interrupted by bursts of brain
activity similar to wakefulness (ie alpha waves).161
The sleep disturbance theory postulates that FMS,
as well as chronic fatigue syndrome and post polio
syndrome, are related to impaired sleep quality.
According to the sleep disturbance theory, an event
such as a trauma or illness causes sleep disturbance
and initiates the dysfunction in descending pain
modulating systems. This dysfunction results in an
increased release of substance P in the spinal cord
which induces central sensitisation of the neurons
in the spinal cord and thereby the observed spread of
the pain. Also, this may explain the development of

ACUPUNCTURE IN MEDICINE 2007;25(4):184-197.

www.acupunctureinmedicine.org.uk/volindex.php

AIM December 2007 Text.qxd

21/12/2007

06:38

Page 191

Education, practice and debate
‘tender points’ that are characteristic of FMS. The
sleep disturbance theory holds that deep sleep is
critical in order to reset modulation of the pain
inhibiting system. This would support a close
interaction between pain and sleep disturbance in
FMS. A common denominator between pain and
sleep is the synthesis and functioning of serotonin.
Interestingly, lower levels of serotonin have been
found in the cerebrospinal fluid of fibromyalgia
sufferers as compared to low back pain patients or
healthy controls.162 Also, an increased frequency of
the short allele in the serotonin transporters (5-HTT)
gene has been found in patients with fibromyalgia
as compared to healthy controls.163;164
Our results show that there is a marked effect on
rated sleep disturbances in patients with FMS after
acupuncture as compared to before. Strikingly,
acupuncture has been shown to increase the synthesis
and release of serotonin.165-175
Implications for research
In recent reviews of the efficacy of acupuncture in
fibromyalgia it has been implied that acupuncture
has no specific effect. This conclusion is based on
the assumption that superficial needling or needling
away from the ‘specific site’ is inert. This assumption
is not correct for several reasons.176-180
1. FMS is characterised by central sensitisation and
disinhibition, ie superficial needling induces
similar physiological effects to muscle
stimulation. This is likely to be true also in a
number of other pain conditions such as migraine,
low back pain etc.178
2. In some studies, control needling has been carried
out away from the ‘specific site’ and outside the
affected myotome (most painful area). However,
even if the needles are inserted outside the
affected myotome, repeated needling results in
increased receptive fields thereby possibly
affecting the descending pain inhibitory systems
of the affected myotome, in a similar way as
needling within the affected area.178
3. Superficial needling may result in deactivation
of limbic structures, which is not somatotopically
dependent, ie superficial needling has an effect on
limbic structures wherever the needles are
inserted (though the effect may have different
potency depending on the site).176;180

It is likely that acupuncture can induce alterations
in connectivity in the brain, thus influencing
cognitive, affective and sensory functions.176-180 In
previous studies we have concluded that acupuncture
may affect the sensory as well as the affective
components of pain and that these may be
separated. 181-185 We have also reported that the
response to acupuncture depends on the aetiology
of the pain,186 and that patients’ responses are highly
variable,177;187 suggesting that the patients should be
allowed to use the modality they prefer to maximise
expectancy.188;189
Conclusions
Probably, the princess was suffering from FMS
and this was revealed by the ‘sleep test’. We have
previously reported that there is a close association
between poor sleep quality, pain intensity, anxiety
and depression. 190 Our experience is that some
patients with FMS show significant improvement
in pain, sleep and cognitive functions following
acupuncture. Before one concludes that
acupuncture has no effect in a complex syndrome
like FMS, all the major symptoms have to be taken
into account.
It is important to remember that the responses
to acupuncture are individual and that evidence based
medicine is only a tool to use for guidance when
choosing a treatment, or as Sherlock Holmes stated
in The Sign of Four: ‘While the individual man is
an insoluble puzzle, in the aggregate he becomes a
mathematical certainty. You can, for example, never
foretell what any one man will do, but you can say
with precision what an average number will be up to.
Individuals vary, but percentages remain constant.’
Reference list
1.

2.

3.
4.

ACUPUNCTURE IN MEDICINE 2007;25(4):184-197.
www.acupunctureinmedicine.org.uk/volindex.php

Nielsen LA, Henriksson KG. Pathophysiological mechanisms
in chronic musculoskeletal pain (fibromyalgia): the role of
central and peripheral sensitization and pain disinhibition.
Best Pract Res Clin Rheumatol 2007;21(3):465-80.
Mease P, Arnold LM, Bennett R, Boonen A, Buskila D,
Carville S, Chappell A, Choy E, Clauw D, Dadabhoy D,
Gendreau M, Goldenberg D, Littlejohn G, Martin S, Perera
P, Russell IJ, Simon L, Spaeth M, Williams D, Crofford L.
Fibromyalgia syndrome. J Rheumatol 2007;34(6):1415-25.
Price DD, Staud R. Neurobiology of fibromyalgia syndrome.
J Rheumatol Suppl 2005;75:22-8.
Thieme K, Turk DC, Flor H. Responder criteria for operant
and cognitive-behavioral treatment of fibromyalgia
syndrome. Arthritis Rheum 2007;57(5):830-6.

191

AIM December 2007 Text.qxd

21/12/2007

06:38

Page 192

Education, practice and debate
5.

6.

7.

8.

9.
10.
11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

192

Katz RS, Heard AR, Mills M, Leavitt F. The prevalence and
clinical impact of reported cognitive difficulties (Fibrofog)
in patients with rheumatic disease with and without
fibromyalgia. J Clin Rheumatol 2004;10(2):53-58.
Theadom A, Cropley M. Dysfunctional beliefs, stress and
sleep disturbance in fibromyalgia. Sleep Med 2007 Aug 1;
[Epub ahead of print].
Tander B, Atmaca A, Aliyazicioglu Y, Canturk F. Serum
ghrelin levels but not GH, IGF-1 and IGFBP-3 levels are
altered in patients with fibromyalgia syndrome. Joint Bone
Spine 2007 Jun 29 [Epub ahead of print]
Kronauer RE, Gunzelmann G, Van Dongen HP, Doyle FJ 3rd,
Klerman EB. Uncovering physiologic mechanisms of
circadian rhythms and sleep/wake regulation through
mathematical modeling. J Biol Rhythms 2007;22(3):233-45.
McClung CA Circadian genes, rhythms and the biology of
mood disorders. Pharmacol Ther 2007;114(2):222-32.
Kimura M, Winkelmann J. Genetics of sleep and sleep
disorders. Cell Mol Life Sci 2007;64(10):1216-26.
Morrissey MJ, Duntley SP, Anch AM, Nonneman R. Active
sleep and its role in the prevention of apoptosis in the
developing brain. Med Hypotheses 2004;62(6):876-9.
McEwen BS. Sleep deprivation as a neurobiologic and
physiologic stressor: allostasis and allostatic load.
Metabolism 2006;55(suppl 2):S20 - 23.
Hicks RA, Moore JD, Findley P, Hirshfield C, Humphrey V.
REM sleep deprivation and pain thresholds in rats. Percept
Mot Skills 1978;47(3 Pt 1):848-50.
Smith MT, Edwards RR, McCann UD, Haythornthwaite
JA. The effects of sleep deprivation on pain inhibition and
spontaneous pain in women. Sleep 2007;30(4):494-505.
May ME, Harvey MT, Valdovinos MG, Kline RH 4th, Wiley
RG, Kennedy CH. Nociceptor and age specific effects of
REM sleep deprivation induced hyperalgesia. Behav Brain
Res 2005;159(1):89-94.
Hakki Onen S, Alloui A, Jourdan D, Eschalier A, Dubray C.
Effects of rapid eye movement (REM) sleep deprivation on
pain sensitivity in the rat. Brain Res 2001;900(2):261-7.
Onen SH, Alloui A, Eschalier A, Dubray C. Vocalization
thresholds related to noxious paw pressure are decreased
by paradoxical sleep deprivation and increased after sleep
recovery in rat. Neurosci Lett 2000;291(1):25-8.
Nascimento DC, Andersen ML, Hipolide DC, Nobrega JN,
Tufik S. Pain hypersensitivity induced by paradoxical sleep
deprivation is not due to altered binding to brain mu-opioid
receptors. Behav Brain Res 2007;178(2):216-20.
Lautenbacher S, Kundermann B, Krieg JC. Sleep deprivation
and pain perception. Sleep Med Rev 2006;10(5):357-69.
Carli G, Montesano A, Rapezzi S, Paluffi G. Differential
effects of persistent nociceptive stimulation on sleep stages.
Behav Brain Res 1987;26(2-3):89-98.
Drewes AM. Pain and sleep disturbances with special
reference to fibromyalgia and rheumatoid arthritis.
Rheumatology (Oxford) 1999;38(11):1035-8.
Landis CA, Lentz MJ, Rothermel J, Buchwald D, Shaver
JL. Decreased sleep spindles and spindle activity in midlife
women with fibromyalgia and pain. Sleep 2004;27(4):74150.
Landis CA, Lentz MJ, Tsuji J, Buchwald D, Shaver JL.
Pain, psychological variables, sleep quality, and natural
killer cell activity in midlife women with and without
fibromyalgia. Brain Behav Immun 2004;18(4):304-13.

24. Landis CA, Frey CA, Lentz MJ, Rothermel J, Buchwald D,
Shaver JL. Self-reported sleep quality and fatigue correlates
with actigraphy in midlife women with fibromyalgia. Nurs
Res 2003;52(3):140-7.
25. Landis CA, Lentz MJ, Rothermel J, Riffle SC, Chapman
D, Buchwald D, Shaver JL. Decreased nocturnal levels of
prolactin and growth hormone in women with fibromyalgia.
J Clin Endocrinol Metab 2001;86(4):1672-8.
26. Wei H, Zhao W, Wang YX, Pertovaara A. Pain-related
behavior following REM sleep deprivation in the
rat: influence of peripheral nerve injury, spinal
glutamatergic receptors and nitric oxide. Brain Res
2007;1148:105-12.
27. Hill CM, Hogan AM, Karmiloff-Smith A. To sleep,
perchance to enrich learning? Arch Dis Child
2007;92(7):637-43.
28. Wagner U, Degirmenci M, Drosopoulos S, Perras B, Born J.
Effects of cortisol suppression on sleep-associated
consolidation of neutral and emotional memory. Biol
Psychiatry 2005;58(11):885-93.
29. Lundeberg T. Chronic fatigue syndrome and fibromyalgia:
What have we learnt? Oral presentation at International
Symposium of Medical Acupuncture and Related
Techniques- 3rd International Medical Congress on
Acupuncture (ICMART), Barcelona 1-3 June, 2007.
30. Stephenson R, Chu KM, Lee J. Prolonged deprivation of
sleep-like rest raises metabolic rate in the Pacific beetle
cockroach, Diploptera punctata (Eschscholtz). J Exp Biol
2007;210(Pt 14):2540-7.
31. Kalia M. Neurobiology of sleep. Metabolism 2006t;55(10
Suppl 2):S2-6.
32. Goldenberg N, Barkan A. Factors regulating growth hormone
secretion in humans. Endocrinol Metab Clin North Am
2007;36(1):37-55.
33. McCarley RW. Neurobiology of REM and NREM sleep.
Sleep Med 2007;8(4):302-30.
34. Halász P. K-complex, a reactive EEG graphoelement of
NREM sleep: an old chap in a new garment. Sleep Med Rev
2005;9(5):391-412.
35. Mahowald MW, Schenck CH, Bornemann MA.
Pathophysiologic mechanisms in REM sleep behavior
disorder. Curr Neurol Neurosci Rep 2007;7(2):167-72.
36. Verstraeten E. Neurocognitive effects of obstructive sleep
apnea syndrome. Curr Neurol Neurosci Rep 2007;7(2):
161-6.
37. Hoffman JM, Brown JW, Sirlin EA, Benoit AM, Gill WH,
Harris MB, Darnall RA. Activation of 5-HT1A receptors
in the paragigantocellularis lateralis decreases shivering
during cooling in the conscious piglet. Am J Physiol Regul
Integr Comp Physiol 2007;293(1):R518-27.
38. Baker FC, Driver HS.Circadian rhythms, sleep, and the
menstrual cycle. Sleep Med 2007;8(6):613-22.
39. Parmeggiani PL REM sleep related increase in brain
temperature: a physiologic problem. Arch Ital Biol
2007;145(1):13-21.
40. Cheuk D, Yeung W, Chung K, Wong V. Acupuncture
for insomnia. Cochrane Database Syst Rev
2007;(3):CD005472.
41. Yi PL, Tsai CH, Lin JG, Liu HJ, Chang FC. Effects of
electroacupuncture at ‘Anmian (Extra)’ acupoints on sleep
activities in rats: the implication of the caud al nucleus
tractus solitarius. J Biomed Sci 2004;11(5):579-90.

ACUPUNCTURE IN MEDICINE 2007;25(4):184-197.

www.acupunctureinmedicine.org.uk/volindex.php

AIM December 2007 Text.qxd

21/12/2007

06:38

Page 193

Education, practice and debate
42. Tanaka Y, Koyama Y, Jodo E, Kayama Y, Kawauchi A,
Ukimura O, Miki T. Effects of acupuncture to the sacral
segment on the bladder activity and electroencephalogram.
Psychiatry Clin Neurosci 2002;56(3):249-50.
43. Wang H, Koyama Y, Jodo E, Kayama Y. Suppressive effect
of acupuncture stimulation to the sacral segment on the state
of vigilance and the brainstem cholinergic neurons.
Fukushima J Med Sci 2006;52(2):125-34.
44. Wang H, Tanaka Y, Seki H, Jodo E, Kayama Y, Kawauchi A,
Miki T, Otsuki M, Koyama Y. Acupuncture stimulation to the
sacral segment affects state of vigilance in rats. Neurosci
Res 2007;57(4):531-7.
45. Bosch JL. Electrical neuromodulatory therapy in female
voiding dysfunction. BJU Int 2006;98 Suppl 1:43-8.
46. Van Twyver H. The biology of natural sleep in animals.
Physiol Behav 1969;4:901-5.
47. Hediger H. The biology of natural sleep in animals.
Experientia 1980;36(1):13-6.
48. Borbeley A, Achermann P. Sleep homeostasis and models of
sleep regulation. In: Kryger M, Roth T, Dement WD, editors.
Principles and practice of sleep medicine. Philadelphia7
WB Saunders; 2000. p. 377-90.
49. Norman WM, Hayward LF. The neurobiology of sleep. In:
Carney PR, Berry RB, Gyer JD, editors. Clinical sleep
disorders. Philadelphia7 Lippincott Williams & Wilkins;
2005. p. 38-55.
50. Dijk DJ, Cajochem C. Melatonin and the circadian regulation
of sleep initiation, consolidation, structure and the sleep.
J Biol Rhythms 1997;12(6):627-35.
51. Dijk DJ, Czeisler CA. Paradoxical timing of the circadian
rhythm of sleep propensity serves to consolidate
sleep and wakefulness in humans. Neurosci Lett
1994;166(1):63-8.
52. Koyama Y, Kodama T, Takahashi K, Okai K, Kayama Y.
Firing properties of neurons in the laterodorsal hypothalamic
area during sleep and wakefulness. Psychiatry Clin Neurosci
2002;56(3):339-40.
53. Siegel JM. Hypocretin (orexin): role in normal behavior
and neuropathology. Annu Rev Psychol 2004;55:125-48.
54. Lu J, Bjorkum AA, Xu M, Gaus SE, Shiromani PJ, Saper
CB. Selective activation of the ventrolateral preoptic nucleus
during rapid eye movement sleep. Neurosci
2002;22(11):4568-76.
55. Lu J, Greco MA, Shiromani P, Saper CB. Effects of lesions
of the ventrolateral preoptic nucleus on NREM and REM
sleep. J Neurosci 2000;20(10):3830-42.
56. Provencio I, Rollag MD, Castrucci AM. Photoreceptive net
in the mammalian retina. This mesh of cells may explain
how some blind mice can still tell day from night. Nature
2002;415(6871):493.
57. Wehr TA, Aeschbach D, Duncan WC. Evidence for a
biological dawn and dusk in the human circadian timing
system. J Physiol 2001;535(Pt 3):937-51.
58. Steriade M. Mechanisms underlying cortical activation:
neuronal organization and properties of the midbrain reticular
core and intralaminar thalamic nuclei. In: Pompeiano O,
Ajmone Marsan C editors. Brain mechanisms and perceptual
awareness, vol. 328. New York7 Raven Press; 1981. p. 7335.
59. Jasper H. Diffuse projection systems: the integrative action
of the thalamic reticular system. Electroencephalogr Clin
Neurophysiol 1949;1:405-10.

60. Harris CD. Neurophysiology of sleep and wakefulness.
Respir Care Clin N Am 2005;11(4):567-86.
61. Harris RE, Jeter J, Chan P, Higgins P, Kong FM, Fazel R,
Bramson C, Gillespie B. Using acupressure to modify
alertness in the classroom: a single-blinded, randomized,
cross-over trial. J Altern Complement Med 2005;11(4):6739.
62. Uvnas-Moberg K, Bruzelius G, Alster P, Lundeberg T. The
antinociceptive effect of non-noxious sensory stimulation
is mediated partly through oxytocinergic mechanisms. Acta
Physiol Scand 1993;149(2):199-204.
63. Agren G, Lundeberg T, Uvnas-Moberg K, Sato A. The
oxytocin antagonist 1-deamino-2-D-Tyr-(Oet)-4-Thr-8-Ornoxytocin reverses the increase in the withdrawal response
latency to thermal, but not mechanical nociceptive stimuli
following oxytocin administration or massage-like stroking
in rats. Neurosci Lett 1995;187(1):49-52.
64. Lund I, Ge Y, Yu LC, Uvnas-Moberg K, Wang J, Yu C,
Kurosawa M, Agren G, Rosen A, Lekman M, Lundeberg T.
Repeated massage-like stimulation induces long-term effects
on nociception: contribution of oxytocinergic mechanisms.
Eur J Neurosci 2002;16(2):330-8.
65. Lundeberg T, Uvnas-Moberg K, Agren G, Bruzelius G. Antinociceptive effects of oxytocin in rats and mice. Neurosci
Lett 1994;170(1):153-7.
66. Uvnas-Moberg K. Antistress pattern induced by oxytocin.
News Physiol Sci 1998;13:22-25.
67. Wang JW, Lundeberg T, Yu LC. Antinociceptive role of
oxytocin in the nucleus raphe magnus of rats, an involvement
of mu-opioid receptor. Regul Pept 2003;115(3):153-9.
68. Yu SQ, Lundeberg T, Yu LC. Involvement of oxytocin in
spinal antinociception in rats with inflammation. Brain Res
2003;983(1-2):13-22.
69. Yang J, Yang Y, Chen J-M, Liu W-Y, Wang C-H, Lin B-C.
Effect of oxytocin on acupuncture analgesia in the rat.
Neuropeptides 2007;41(5):285–92.
70. Tsujino N, Yamanaka A, Ichiki K, Muraki Y, Kilduff TS,
Yagami K, Takahashi S, Goto K, Sakurai T. Cholecystokinin
activates orexin/hypocretin neurons through the
cholecystokinin A receptor. J Neurosci 2005;25(32):7459-69.
71. Hu Z, Chen B, Tong J, Huang D, Lu S. The change of C-fos
expression in ovariectomized rats following
electroacupuncture treatment – an immunohistochemistry
study. Acupunct Electrother Res 1993;18(2):117-24.
72. Uchida S, Kagitani F, Suzuki A, Aikawa Y. Effect
of acupuncture-like stimulation on cortical cerebral
blood flow in anesthetized rats. Jpn J Physiol
2000;50(5):495-507.
73. Lee TN. Thalamic neuron theory: meridians=DNA. The
genetic and embryological basis of traditional Chinese
medicine including acupuncture. Med Hypotheses
2002;59(5):504-21.
74. Chao DM, Chen G, Cheng JS. Melatonin might be one
possible medium of electroacupuncture anti-seizures.
Acupunct Electrother Res 2001;26(1-2):39-48.
75. Soliman N, Frank BL.Auricular acupuncture and auricular
medicine. Phys Med Rehabil Clin N Am 1999;10(3):54754, viii.
76. Zhu JX, Tang JS, Jia H. Differential effects of opioid
receptors in nucleus submedius and anterior pretectal nucleus
in mediating electroacupuncture analgesia in the rat. Sheng
Li Xue Ba 2004;56(6):697-702.

ACUPUNCTURE IN MEDICINE 2007;25(4):184-197.
www.acupunctureinmedicine.org.uk/volindex.php

193

AIM December 2007 Text.qxd

21/12/2007

06:38

Page 194

Education, practice and debate
77. Zhang WT, Jin Z, Luo F, Zhang L, Zeng YW, Han JS. 2004;
Evidence from brain imaging with fMRI supporting
functional specificity of acupoints in humans. Neurosci Lett
2004;354(1):50-3.
78. Lee HJ, Lee B, Choi SH, Hahm DH, Kim MR, Roh PU,
Pyun KH, Golden G, Yang CH, Shim I. Electroacupuncture
reduces stress-induced expression of c-fos in the brain of
the rat. Am J Chin Med 2004;32(5):795-806.
79. Yano T, Kato B, Fukuda F, Shinbara H, Yoshimoto K, Ozaki
A, Kuriyama K. Alterations in the function of cerebral
dopaminergic and serotonergic systems following
electroacupuncture and moxibustion applications: possible
correlates with their antistress and psychosomatic actions.
Neurochem Res 2004;29(1):283-93.
80. Gao M, He LF. Increase of mu opioid receptor density in
rat central nervous system following formalin nociception
and its enhancement by electroacupuncture. Sheng Li Xue
Bao 1996;48(2):125-31.
81. Hou LQ, Xiong KR. Effect of different needle-retained time
of electroacupuncture on expression of nitric oxide synthase
in the septum of the rat. Zhongguo Zhen Jiu
2006;26(12):879-82.
82. Moldofsky H. Sleep and pain. Sleep Med Rev
2001;5(5);387–98.
83. Carli G, Montesano A, Rapezzi S, Paluffi G. Differential
effects of persistent nociceptive stimulation on sleep stages.
Behav Brain Res 1987;26(2-3):89–98.
84. Suzuki S, Dennerstein L, Greenwood KM et al. Sleep
patterns in Japanese women. J Psychosom Obstet Gynaecol
1994;15(1):19-26.
85. Hicks RA, Coleman DD, Ferrante F, Sahatjian M, Hawkins
J. Pain thresholds in rats during recovery from REM sleep
deprivation. Percept Mot Skills 1979;48(3 Pt 1):687–90.
86. Lavie P, Nahir M, Lorber M et al. Nonsteroidal
antiinflammatory drug therapy in rheumatoid arthritis. Arth
Rheum 1991;34:655–9.
87. Lavie P, Epstein R, Tzischinsky O, Gilad D, Nahir M, Lorber
M, Scharf Y. Actigraphic measurements of sleep in
rheumatoid arthritis: comparison of patients with low back
pain and healthy controls. J Rheumatol 1992;19(3):362-5.
88. Drewes AM, Svendsen L, Taagholt SJ, Bjerregard K, Nielsen
KD, Hansen B. Sleep in rheumatoid arthritis: a comparison
with healthy subjects and studies of sleep/wake interactions.
Br J Rheumatol 1998;37(1):71-81.
89. Hartman K, Pivik RT. Sleep, Variations in motor and EEG
activities in chronic low back pain subjects: relationship to
sleep quality. Sleep Res 1995; 24: 393.
90. Drewes AM, Nielsen KD, Arendt-Nielsen L, Birket-Smith
L, Hansen LM. The effect of cutaneous and deep pain on the
electroencephalogram during sleep – an experimental study.
Sleep 1997;20(8):632-40.
91. Crook J, Moldofsky H. Prognostic indicators of disability
after a work-related musculoskeletal injury.
J Musculoskeletal Pain 1995;3:155–9.
92. Crook J, Moldofsky H. The clinical course of
musculoskeletal pain in empirically derived groupings of
injured workers. Pain 1996;67(2-3):427-33.
93. Wooten V. Medical causes of insomnia. In: Kryger MA,
Roth T, Dement WC (eds.) Principles and Practice of Sleep
Medicine, 2nd edn. Philadelphia: WB Saunders, 1994: 510.
94. Aldrich MS, Chauncey JB. Are morning headaches part of
obstructive sleep apnea syndrome? Arch Intern Med
1990;150(6):1265-7.

194

95. Poceta JS, Dalessio DJ. Identification and treatment of sleep
apnea in patients with chronic headache. Headache
1995;35(10):586-9.
96. Jennum P, Hein HO, Suadicani P, Gyntelberg F. Headache
and cognitive dysfunctions in snorers. A cross-sectional
study of 3323 men aged 54 to 74 years: the Copenhagen
Male Study. Arch Neurol 1994;51(9):937-42.
97. Inamorato E, Minatti-Hannuch SN, Zukerman E. The role of
sleep in migraine attacks. Arq Neuropsiquiatr
1993;51:429–32.
98. Fass R, Fullerton S, Tung S, Mayer EA. Sleep disturbances
is clinic patients with functional bowel disorders. Am J
Gastroenterol 2000;95:1195–200.
99. Jarrett M. Heitkemper M. Cain KC. Burr RL. Hertig V.
Sleep disturbance influences gastro intestinal symptoms in
women with irritable bowel syndrome. Digest Dis Sci
2000;45:952–9.
100.Kumar D, Thompson PD, Wingate DC et al. Abnormal REM
sleep in the irritable bowel syn drome. Gastroenterol
1992;103:12–7.
101.Orr WC, Crowell MD, Lin B et al. Sleep and gastric function
in irritable bowel syndrome: derailing the brain-gut axis.
Gut 1997;41:390–339.
102.Elsenbruch S, Harnish MJ, Orr WC. Subjective and objective
sleep quality in irritable bowel syndrome. Am J Gastroenterol
1999;94:2447–52.
103.Heitkemper M. Charman AB. Shaver J et al. Selfin report and
polysomnographic measures of sleep in women with irritable
bowel syndrome. Nursing Res 1998;47:270–7.
104.Moldofsky H, Enchin A, Tobe L. Sleep and symptoms in
patients with somatoform disorder versus fibromyalgia.
Sleep Res 1996;25:168.
105.Pertovaara A, Almeida A. Descending inhibitory systems. In:
Cervero F, Jensen TS, Editors, Handbook of Clinical
Neurology Elsevier, Amsterdam, 2006;81, pp. 179–92.
106.Kwon Y, Kang M, Ahn C, Han H, Ahn B, Lee J. Effect of
high or low frequency electroacupuncture on the cellular
activity of catecholaminergic neurons in the brain stem.
Acupunct Electrother Res 2000;25(1):27-36.
107.Napadow V, Dhond RP, Purdon P, Kettner N, Makris N,
Kwong KK, Hui KK. Correlating acupuncture FMRI in the
human brainstem with heart rate variability. Conf Proc IEEE
Eng Med Biol Soc 2005;5:4496-9.
108.Ma F, Xie H, Dong ZQ, Wang YQ, Wu GC. Effects of
electroacupuncture on orphanin FQ immunoreactivity and
preproorphanin FQ mRNA in nucleus of raphe magnus in the
neuropathic pain rats. Brain Res Bull 2004;63(6):509-13.
109.Asplund R. Daytime sleepiness and napping amongst the
elderly in relation to somatic health and medical treatment.
J Int Med 1996;239(3):261-7.
110.Moldofsky H, Scarisbrick P, England R, Smythe
H. Musculoskeletal symptoms and NonREM
sleep alphadisturbance in patients with ‘fibrositis syndrom’
and healthy subjects. Psychosom Med 1975;37(4):
341-51.
111.Moldofsky H, Scarisbrick P. Induction of neurasthenic
musculoskeletal pain syndrome by selective sleep stage
deprivation. Psychosom Med 1976;38(1):35-44.
112.Older SA, Battafarano DF, Danning CL, Ward JA, Grady EP,
Derman S, Russell IJ. The effects of delta wave sleep
interruption on pain thresholds and fibromyalgia-like
symptoms in healthy subjects; correlations with insulin-like
growth factor I. J Rheumatol 1998;25(6):1180-6.

ACUPUNCTURE IN MEDICINE 2007;25(4):184-197.

www.acupunctureinmedicine.org.uk/volindex.php

AIM December 2007 Text.qxd

21/12/2007

06:38

Page 195

Education, practice and debate
113.Anch AM, Lue FA, MacLean AW, Moldofsky H. Sleep
physiology and psychological aspects of the fibrositis
(fibromyalgia) syndrome. Can J Psychol 1991;45(2):
179-84.
114.Campbell SM, Clark S, Tindall EA, Forehand ME, Bennett
RM. Clinical characteristics of fibrositis. I. A ‘blinded,’
controlled study of symptoms and tender points. Arthritis
Rheum 1983;26(7):817-24.
115.Molony RR, MacPeek DM, Schiffman PL, Frank M,
Neubauer JA, Schwartzberg M, Seibold JR. Sleep, sleep
apnea and the fibromyalgia syndrome. J Rheumatol
1986;13(4):797-800.
116.Ware JC, Russell J, Campos E. Alpha intrusions into the
sleep of depressed and fibromyalgia syndrome (fibrositis)
patients. Sleep Res 1986;15:210.
117.Horne JA, Shackell BS. Alpha-like EEG activity in nonREM sleep and the fibromyalgia (fibrositis) syndrome.
Electroencephalogr Clin Neurophysio 1991;79(4):271-6.
118.Branco J, Atalaia A, Paiva T. Sleep cycles and alpha-delta
sleep in fibromyalgia syndrome. J Rheumatol
1994;21(6):1113-7.
119.Drewes AM, Nielsen KD, Taagholt SJ, Bjerregard K,
Svendsen L, Gade J. Sleep intensity in fibromyalgia: focus
on the microstructure of the sleep process. Br J Rheumatol
1995;34(7):629-35.
120.Roizenblatt S, Moldofsky H, Benedito-Silva AA, Tufik S.
Alpha sleep characteristics in fibromyalgia. Arthritis Rheum
2001;44(1):222-30.
121.Carette S, Oakson G, Guimont C, Steriade M. Sleep
electroencephalography and the clinical response to
amitriptyline in patients with fibromyalgia. Arthritis Rheum
1995;38(9):1211-7.
122.Kolar E, Hartz A, Roumm A, Ryan L, Jones R, Kirchdoerfer
E. Factors associated with severity of symptoms in patients
with chronic unexplained muscular aching. Ann Rheum Dis
1989;48(4):317-21.
123.Jacobsen S, Danneskiold-Samsoe B. Inter-relations between
clinical parameters and muscle function in patients with
primary fibromyalgia. Clin Exp Rheumatol 1989;7(5):
493-8.
124.Yunus MB, Ahles TA, Aldag JC, Masi AT. Relationship of
clinical features with psychological status in primary
fibromyalgia. Arthritis Rheum 1991;34(1):15-21.
125.Roizenblatt S, Tufik S, Goldenberg J, Pinto LR, Hilario
MO, Feldman D. Juvenile fibromyalgia: clinical and
polysomnographic aspects. J Rheumatol 1997;24(3):
579-85.
126.Scheuler W, Kubicki S, Marquardt J et al. The alpha sleep
pattern – quantitative analysis and functional aspects. In:
Koella WP, Obal F, Schulz H, Visser P (editors) Sleep ’86
Stuttgart: Gustav Fisher Verlag; 1988; p. 284–6.
127.Rooks DS. Fibromyalgia treatment update. Curr Opin
Rheumatol 2007;19(2):111-7.
128.Staud R, Price DD. Mechanisms of acupuncture analgesia for
clinical and experimental pain. Expert Rev Neurother
2006;6(5):661-7.
129.Targino RA, Imamura M, Kaziyama HH, Souza LP, Hsing
WT, Imamura ST. Pain treatment with acupuncture for
patients with fibromyalgia. Curr Pain Headache Rep
2002;6(5):379-83.
130.Sandberg M. Lundeberg T. Gerdle B. Manual acupuncture
in fibromyalgia: a long-term pilot study. J Musculoskel Pain
1999;7(3):39-58.

131.Crofford LJ. The hypothalamic-pituitary-adrenal axis in the
pathogenesis of rheumatic diseases. Endocrinol Metab Clin
North Am 2002;31:1-13.
132.Crofford LJ, Pillemer SR, Kalogeras KT, Cash JM,
Michelson D, Kling MA, Sternberg EM, Gold PW, Chrousos
GP, Wilder RL. Hypothalamic-pituitary-adrenal axis
perturbations in patients with fibromyalgia. Arthritis Rheum
1994;37(11):1583-92.
133.Ferraccioli G, Cavalieri F, Salaffi F, Fontana S, Scita F, Nolli
M, Maestri D. Neuroendocrinologic findings in primary
fibromyalgia (soft tissue chronic pain syndrome) and in
other chronic rheumatic conditions (rheumatoid arthritis,
low back pain). J Rheumatol 1990;17(7):869-73.
134.Griep EN, Boersma JW, Lentjes EG, Prins AP, van der Korst
JK, de Kloet ER. Function of the hypothalamic-pituitaryadrenal axis in patients with fibromyalgia and low back
pain. J Rheumatol 1998;25(7):1374-81.
135.Griep EN, Boersma JW, de Kloet ER. Altered reactivity
of the hypothalamic-pituitary-adrenal axis in the primary
fibromyalgia syndrome. J Rheumatol 1993;20(3):
469-74.
136.Cho ZH, Hwang SC, Wong EK, Son YD, Kang CK, Park
TS, Bai SJ, Kim YB, Lee YB, Sung KK, Lee BH, Shepp
LA, Min KT. Neural substrates, experimental evidences and
functional hypothesis of acupuncture mechanisms. Acta
Neurol Scand 2006;113(6):370-7.
137.Zhang RX, Lao L, Wang X, Fan A, Wang L, Ren K,
Berman BM. Electroacupuncture attenuates inflammation
in a rat model. J Altern Complement Med 2005;11(1):
135-42.
138.Liu S, Zhou W, Ruan X, Li R, Lee T, Weng X, Hu J, Yang G.
Activation of the hypothalamus characterizes the response
to acupuncture stimulation in heroin addicts. Neurosci Lett
2007;421(3):203-8.
139.Zhaohui Z, Yugui C, Yuanming Z, Xuesong W, Xiaobing
J, Zhice X, Guipeng D, Qianle T, Yue J. Effect of
acupuncture on pubertal development of rats and rabbits at
different developmental stages. Neuropeptides
2007;41(4):249-61.
140.Chae Y, Park HJ, Hahm DH, Hong M, Ha E, Park HK, Lee
H. fMRI review on brain responses to acupuncture: the
limitations and possibilities in traditional Korean
acupuncture. Neurol Res 2007;29 Suppl 1:S42-8.
141.Napadow V, Kettner N, Liu J, Li M, Kwong KK, Vangel
M, Makris N, Audette J, Hui KK. Hypothalamus and
amygdala response to acupuncture stimuli in carpal tunnel
sSyndrome. Pain 2007;130(3):254-66.
142.Jung JY, Yang HR, Jeong YJ, Vang MS, Park SW, Oh WM,
Kim SH, Youn DH, Na CS, Kim WJ. Effects of acupuncture
on c-Fos expression in brain after noxious tooth stimulation
of the rat. Am J Chin Med 2006;34(6):989-1003.
143.Cheuk D, Yeung W, Chung K, Wong V. Acupuncture
for insomnia. Cochrane Database Syst Rev 2007;(3):
CD005472.
144.Chen ML, Lin LC, Wu SC, Lin JG. The effectiveness of
acupressure in improving the quality of sleep of
institutionalized residents. J Gerontol 1999;54(8):389-4.
145.Cui R, Zhou D. Treatment of phlegm- and heat-induced
insomnia by acupuncture in 120 cases. J Trad Chin Med
2003;23(1):57-8.
146.da Silva JB, Nakamura MU, Cordeiro JA, Kulay LJ.
Acupuncture for insomnia in pregnancy. Acupunct Med
2005;23(2):47-51.

ACUPUNCTURE IN MEDICINE 2007;25(4):184-197.
www.acupunctureinmedicine.org.uk/volindex.php

195

AIM December 2007 Text.qxd

21/12/2007

06:38

Page 196

Education, practice and debate
147.Kim YS, Lee SH, Jung WS, Park SU, Moon SK, Ko CN, et
al. Intradermal acupuncture on shen-men and nei-kuan
acupoints in patients with insomnia after stroke. Am J Chin
Med 2004;32(5):771-8.
148.Suen LK, Wong TK, Leung AW. Effectiveness of auricular
therapy on sleep promotion in the elderly. Am J Chin Med
2002;30(4):429-49.
149.Tsay SL, Cho YC, Chen ML. Acupressure and
Transcutaneous Electrical Acupoint Stimulation in improving
fatigue, sleep quality and depression in hemodialysis patients.
Am J Chin Med 2004;32(3):407-16.
150.Tsay SL, Rong JR, Lin PF. Acupoints massage in improving
the quality of sleep and quality of life in patients with endstage renal disease. J Advan Nurs 2003;42(2):134-42.
151.Stickgold R, Walker MP. Sleep-dependent memory
consolidation and reconsolidation. Sleep Med 2007;8(4):
331-43.
152.Walker MP, Stickgold R. Sleep, memory and plasticity. Annu
Rev Psychol 2006;57:139-66.
153.Stickgold R. Sleep-dependent memory consolidation. Nature
2005;437(7063):1272-8.
154.Takashima A, Petersson KM, Rutters F, Tendolkar I, Jensen
O, Zwarts MJ, McNaughton BL, Fernández G. Declarative
memory consolidation in humans: a prospective functional
magnetic resonance imaging study. Proc Natl Acad Sci
2006;103(3):509-10.
155.Walker MP, Stickgold R, Alsop D, Gaab N, Schlaug G.
Sleep-dependent motor memory plasticity in the human
brain. Neuroscience 2005;133:911-7.
156.Paller KA, Voss JL. Memory reactivation and consolidation
during sleep. Learn Mem 2004;11(6):664-70.
157.Benington JH, Frank MG. Cellular and molecular
connections between sleep and synaptic plasticity. Prog
Neurobiol 2003;69(2):71-101.
158.Yu J, Liu C, Zhang X, Han J. Acupuncture improved
cognitive impairment caused by multi-infarct dementia in
rats. Physiol Behav 2005;86(4):434-41.
159.Yu J, Zhang X, Liu C, Meng Y, Han J. Effect of acupuncture
treatment on vascular dementia. Neurol Res 2006;28(1):
97-103.
160.Peng WN, Zhao H, Liu ZS, Wang S. Links Acupuncture for
vascular dementia. Cochrane Database Syst Rev
2007;(2):CD004987.
161.Harding SM. Sleep in fibromyalgia patients: subjective and
objective findings. Am J Med Sci 1998;315(6):367-76.
162.Houvenagel E, Forzy G, Leloire O, Gallois P, Hary S,
Hautecoeur P, Convain L, Henniaux M, Vincent G, Dhondt
JL. Cerebrospinal fluid monoamines in primary
fibromyalgia. Rev Rhum Mal Osteoartic. 1990; 57(1):
21-3.
163.Offenbaecher M, Bondy B, de Jonge S, Glatzeder K, Kruger
M, Schoeps P, Ackenheil M. Possible association of
fibromyalgia with a polymorphism in the serotonin
transporter gene regulatory region. Arthritis Rheum
1999;42(11):2482-8.
164.Cohen H, Buskila D, Neumann L, Ebstein RP. Confirmation
of an association between fibromyalgia and serotonin
transporter promoter region (5-HTTLPR) polymorphism,
and relationship to anxiety-related personality traits. Arthritis
Rheum 2002;46(3):845-7.
165.Rooks DS. Fibromyalgia treatment update. Curr Opin
Rheumatol 2007;19(2):111-7.

196

166.White P. A background to acupuncture and its use in chronic
painful musculoskeletal conditions. J R Soc Health
2006;126(5):219-27.
167.Cabyoglu MT, Ergene N, Tan U. The mechanism of
acupuncture and clinical applications. Int J Neurosci
2006;116(2):115-25.
168.Ma SX.Neurobiology of Acupuncture: Toward CAM. Evid
Based Complement Alternat Med 2004;1(1):41-47.
169.Pomeranz B. Scientific research into acupuncture for
the relief of pain. J Altern Complement Med 1996;2(1):
53-60.
170.Fan T, Li J, Kong T. Relationship between acupuncture
analgesia and neurotransmitters in nucleus raphe magnus.
Zhen Ci Yan Jiu 1993;18(3):168-71.
171.Xiong K, Zheng P. The effect of the septal area in
acupuncture analgesia. Zhen Ci Yan Jiu 1990;15(1):1-5, 12.
172.Han JS, Terenius L. Neurochemical basis of acupuncture
analgesia. Annu Rev Pharmacol Toxicol 1982;22:193-220.
173.Chen G. Neurohumors in acupuncture. Am J Chin Med (Gard
City N Y) 1975;3(1):27-34.
174.Shimizu T, Fujisaki T, Koja T, Kojima K. Proceedings:
Fundamental studies on acupuncture-anesthesia. 2. Jpn J
Pharmacol 1974;24(0):102.
175.Ionescu-Tirgoviste C, Munteanu N, Moise A,
Dragu E. Changes in plasmatic serotoninemia caused by
cutaneous stimulation. Stud Cercet Endocrinol
1971;22(1):47-52.
176.Lund I, Lundeberg T. Are minimal, superficial or sham
acupuncture procedures acceptable as inert placebo controls?
Acu Med 2006;24(1):13-15.
177.Lund I, Lundeberg T. Aspects of pain, its assessment and
evaluation from an acupuncture perspective. Acu Med
2006;24(3):109-117.
178.Lundeberg T, Lund I. Are reviews based on sham
acupuncture procedures in fibromyalgia syndrome (FMS)
valid? Acu Med 2007;25:100-106.
179.Lundeberg T. Some of the effects of acupuncture in knee
pain may be due to activation of the reward system. Acu
Med 2006;24 Suppl 1:67-70.
180.Lundeberg T, Lund I, Naslund J. Acupuncture – selfappraisal and the reward system. Acu Med 2007;25:87-99.
181.Lundeberg T, Hurtig T, Lundeberg S, Thomas M. Longterm results of acupuncture in chronic head and neck pain.
Pain Clinic 1988; 2(1):15–31.
182.Thomas M. Acupuncture studies on pain. Acu Med
1997;15(1):23-31.
183.Lundeberg T, Lundeberg S, Thomas M, Eriksson S.
Acupuncture and sensory thresholds. Am J Chin Med
1989;17(3-4):99-110.
184.Eriksson SV, Lundeberg T, Lundeberg S. Interaction of
diazepam diazapam and naloxone on acupuncture induced
pain relief. Am J Chin Med 1991;19(1):1-7.
185.Thomas M, Eriksson SV, Lundeberg T A comparative study
of diazepam and acupuncture in patients with osteoarthritis
pain: a placebo controlled study. Am J Chin Med
1991;19(2):95-100.
186.Thomas M, Lundberg T. Does Acupuncture Work? Pain
Clin Updates 1966;IV(3):1-8.
187.Lund I, Lundeberg T, Lonnberg L, Svensson E. Decrease
of pregnant women’s pelvic pain after acupuncture: a
randomized controlled single-blind study. Acta Obstet
Gynecol Scand 2006;85:12-9.

ACUPUNCTURE IN MEDICINE 2007;25(4):184-197.

www.acupunctureinmedicine.org.uk/volindex.php

AIM December 2007 Text.qxd

21/12/2007

06:38

Page 197

Education, practice and debate
188.Thomas M, Lundberg T. Importance of modes of
acupuncture in the treatment of chronic nociceptive low
back pain. Acta Anaesthesiol Scand 1994;38(1):63-9.
189.Thomas M, Lundberg T, Bjork G, LundstromLindstedt V. Pain and discomfort in primary
dysmenorrhea is reduced by preemptive acupuncture

or low frequency TENS. Eur J Phys Med Rehabil
1995;5(3):71-6.
190.Norrbrink Budh C, Hultling C, Lundeberg T. Quality of
sleep in individuals with spinal cord injury: a comparison
between patients with and without pain. Spinal Cord
2005;43(2):85-95.

ACUPUNCTURE IN MEDICINE 2007;25(4):184-197.
www.acupunctureinmedicine.org.uk/volindex.php

197

