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Figure 1. A deflnltJon ofhyperalgesia and allodynla In terms ofa shift to the lett of the
response curve ofa sensoryneurone. Under nannalconditions the neuron Is activatedby
a stimulusIntensitythatconstitutesa normalthresholdfornoclceptlon.AfterInjury the
responsecurveshifts to theleft.AltodynJa Is the painevokedby stimuliof Intensityless
than normal threshold. Hyperalgesia Is the greaterresponse to stimuliofan Intensity that
normally would be painful.
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This interpretation, however, ignores
the essential meaning of allodynia,
which is that the stimulus that evokes
pain is qualitatively, notquantitatively,
different from those that normally evoke
pain. The cardinal example is brushing
the skin, i.e., a mechanical stimulus
that is delivered tangential to the skin
surface and which does not involve
pressure and deformation of the skin.
This type of stimulus never evokes pain
under normal conditions, regardless
of its magnitUde.

Confusion arises when touch per­
pendicular to the skin surface is used
as the stimulus. Touch involves pres­
sure, and pressure of sufficient mag­
nitude can undernormal conditions be
painful. A shift to the left of the re­
sponse characteristics of high thresh­
old mechanoreceptors would render
them lowthreshold mechanoreceptors.
However, in that event, the nature of the
modality involved does not change.
Receptors normally capable of being
nociceptive are simply rendered more
sensitive. In contrast, when strictly
defined, allodynia requires a switch in
the modality.
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Sudomotor changes include exces­
sive sweating or dryness of the af­
fected part.

Temperature changes mean warm­
ing or cooling of the affected part.

Trophic changes include keratosis,
brittle nails, hair loss and brawny
induration of subcutaneous tissues.

Motor impairment includes, muscle
spasm and contracture of muscles
each ofwhich resist and interfere with
voluntary movement.

Osteoporosis means elution of cal­
cium from bones ostensibly because
of increased osseous blood flow.

There is debate, confusion and con­
troversy conceming the distinction
between hyperalgesia and allodynia.
Some regard the two as complemen­
tary aspects ofthe same phenomenon
and mechanism, i.e., a shift to the left
of the response curve of sensory
nerves 2 (Fig. 1). Under these condi­
tions, stimuli of an intensity that nor­
mally would be painful are perceived
as more painful than usual. This con­
stitutes hyperalgesia. stlmuu of
intensities that would normally not be
painful become painful. This consti­
tutes allodynia.

PAIN

Some patients who suffer an
injury to a peripheral nerve,
and some patients who suffer

a relatively trivial musculoskeletal in­
jury, develop a bizarre and seemingly
unique pain syndrome. In its most
florid state this syndrome is character­
ised by the following:

Pain
Hyperalgesia
A1lodynia
Vasomotor, sudomotor and tem­
perature changes
Trophic changes in the skin
Motor impairment
Osteoporosis.

A further feature is that the symp­
toms and signs seem disproportionate
in severity to the nature of the precipi­
tating injury, and occur in a region
considerably larger than the one af­
fected by the original injury. Thus, in
the case ofa nerve injury, the changes
occur outside the territory innervated
by the affected nerve. In the case of a
musculoskeletal injury, the changes
affectanatomical regions beyond that
of the injured part. More curiously, the
same symptoms can develop after vis­
ceral injuries (e.g., myocardial infarc­
tion) or central nervous system injury
(e.g., stroke) and be manifestin a limb
that is remote from the site of injury.

The pain inquestion isan unpleasant
sensory experience but has no unique
or singular quality. In some cases it
may be burning in quality; in others it
may be deep and aching. It may be
dyseasthetic; it may be spontaneous
or present only when evoked by palpa­
tion of the affected part.

Hyperalgesia is an exaggerated or
increased response to a stimulus that
is normally painful.'

Allodynia (meaning foreign energy)
is pain evoked by a stimulus that nor­
mally does not produce pain.

Vasomotorchanges include vasodi­
lation or vasoconstriction manifest re­
spectively as reddening and swelling
or cyanosis of the affected part.
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For such reasons some authorities'
have objected to allodynia being de­
fined on the basis of a shift to the left.
They prefer hyperalgesia to refer to
the increased sensitivity of (normally)
nociceptive afferents. On the other
hand, Price et ai' distinguish two types
of allodynia. One they describe as low­
thresholdA~allodynia,which isevoked
by gentle brushing with a cotton swab.
The other they describe ashigh thresh­
old allodynia, which is evoked not by
gentle stimuli but by intense static
stimuli, like pressure, that normally are
not painful. The latter would be what
Campbell' refers to as hyperalgesia.
Others" reoognisesimilardistinetions.
They consider brushing to be a dy­
namic (moving) stimulus, and refer to
pain evoked by such stimuli as brush­
evoked allodyniaordynamic allodynia.
Pain evoked by static pressure they
refer to as static hyperalgesia.

The danger of misusing the term
allodynia lies in the inference that
might be drawn. If allodynia is simply
a shift to the left of the response curve
of otherwise potentially nociceptive
afferents,allthat isrequired isa mecha­
nism that lowers the threshold of acti­
vation of their pathways. This could
readily be achieved by facilitating or
disinhibiting their second-order neu­
rones. However, if allodynia requires a
change in modality, the mechanism
cannot involve simply a lowering of
threshold, it must involve a switch, in
which non-nociceptive afferents gain
access to nociceptive pathways, be
that by developing totally new connec­
tions, or opening latent or previously
suppressed connections.

In the present article, when quoting
. previous and especially older literature

the term allodynia is used without fur­
therqualification to meanwhateverthe
original author felt it to mean. Other­
wise, when considering the mecha­
nisms ofthis clinical feature, the terms
brush allodynia and pressure hyper­
algesia, as defined above, are used.

lrJI2~~i~:~ri!;t;:~
Irnpli~(jthemechani,~.m.

Two terms that arose into most com­
mon usage were causalgia - meaning
burning pain, and reflex sympathetic
dystrophy (RSD). The term causalgia
was applied to cases in which nerve
injury was the precipitating event. RSD
was applied to cases in which a nerve
injury was not evident.

On clinical grounds, the vasomotor,
sudomotor, temperature and trophic
changes, were inferred to indicate
sympathetic overactivity or under­
activity, and it was the presence of
these features that distinguished the
syndromes from other painful condi­
tions due to nerve injury, musculoskel­
etal injury, or visceral disease. Classi- ,
calor archetypical descriptions of the
two conditions were developed that
grouped the clinical features as injury,
neurological features and sympathetic
features.

Causalgia
Injury

Partial nerve injury was regarded as
the cardinal aetiological factor in caus­
algia. The most frequently affected
nerves were said to be the sciatic, the
median, and the brachial plexus.'
Causalgia was reported to occur in
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Neurological Features
Inaddition to the sensory loss result­

ing from the primary nerve injury, the
patient suffers from pain and other
sensory disturbances. The pain is
usually buming in quality, intense,
continuous, with episodes of more
severe pain; and is usually felt distally
in the affected hrnb."

The other sensory disturbances are
hyperalgesia and allodynia. These
terms were used to refer to the phe­
nomenon that the patients found that
touching, or even brushing the skin of
the affected part to be painful. These
features were regarded as due to
sensitisation of intact nerve endings in
the affected limb by sympatheticactiv­
ity, rendering them more easily acti­
vated by normal and subliminal stimuli.
Evidence brought to bear in support of
this inference was that:
• sympathetic features were other­

wise prominent in the syndrome;
• sensitivity could be abolished by

interrupting sympathetic activity by
sympathectomy or by sympathetic
nerve blocks, '·'0 or by the infusion
of guanethidine. 11.12
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Table 1. Thesympathetic features ofreflex sympathetic dystrophy groupedIn temporal
phases to describe the phases ofthe conditions. Basedon Bonica.7

TISSUE TEMPORAL PHASE
EARLY INTERMEDIATE LATE

VASCULAR Warm Cold Cold
Dry Sweating

SKIN Red Cyanotic Pale
Glazed Smooth

Glossy

HAIR Loss Denuded

NAILS Brittle Brittle
Grooved Ridged

SUBCUTANEOUS Edema Brawny Atrophy
Fatloss

JOINTS Swollen Thick Fibrosis
Tender Stiff Ankylosis

MUSCLES Spasm Wasting Atrophy

BONES Osteoporosis Atrophy

• In patients successfully relieved of
theirpain and sensitivity, the injec­
tion of noradrenaline intradermally
immediately reproduced the caus­
algic symptoms."

Sympathetic Features
The sympathetic features of causal­

gia were believed to evolve through an
early and a late phase.' In the early
phase, the vascular changes consist
ofvasodilation andconsequent warmth
with sweating and redness. Later, the
vascular changes consist of vasocon­
striction with consequent cooling and
cyanosis of the skin. The skin under­
goes atrophy and becomes glossy.
Hair loss occurs. Initially the subcuta­
neous tissues are oedematous, but
later they stiffen. Similarly, joints swell
but later stiffen. In parallel, muscles
initially spasm but later atrophy. Bones
progressively become demineralised.

An attractive synopsis is that there is
an early "angry" phase with vasodila­
tion, warmth, redness, swelling, and
spasm, followed by an atrophic phase
of vasoconstriction, coldness, cyano­
sis, induration, stiffnessandosteoporo­
sis.

Reflex Sympathetic Dystrophy
(RSD)

RSD shares many of the features of
causalgia, and differs essentially only
in the nature of the precipitating cause.

Injury
The trauma is often trivial. RSD has

been reported after simple sprains,'
dislocation,' fracture,'·.. a crush in­
jury,' a surgical procedure,"" and
even simple venepuncture." Other
causes include spinal injury, cerebrov­
ascular accidents, spinal cord injury,
myocardial infarction, diabetic neu­
ropathy, and central nervous system
disease such as multiple sclerosis (see
Appendix I).

NeurologicalFeatures
The cardinal feature of RSD is pain

that is continuous and buming in qual­
ity and usually felt distally in the af­
fected limb. The pain is accompanied
by hyperaesthesia and hyperalge­
sta.'-" The major difference between
RSD and causalgia is the lack in RSD,
of obvious sensory loss. Otherwise the
neurological features of the two condi­
tions are remarkably similar. Indeed,
there is no detectable difference in the
description of pain given by patients
with causalgia and those with RSD.18

This lack of difference could be
interpreted as suggesting that nerve
injury does occur in RSD, but that the
injury affects nerves that lack a cuta­
neous distributions such as muscles
nerves and articularnerves, and there­
fore, escapes clinical detection.

As in causalgia, the neurological
features of RSD were believed to be
due to facilitation of peripheral nerve
endings by sympathetic efferents and
noradrenaline, for they could be re­
lieved by sympathetic blockade'·""'"
or intravenous guanethidine."·20,21

Sympathetic Features
The sympathetic features of RSD

were grouped into three phases (Table
1). ' As in causalgia an initial "angry"
or "inflammatory" phase was typically
followed by acold, dry, stiff and atrophic
phase. The involvementofthe sympa­
theticnervous system inthese changes
was inferred because sympathetic
blocks or guanethidine infusion could
reverse the changes, at least in the
early phases.'·'·'··"·20,21,22 The joint
stiffness and muscle atrophy seen in
the late phase could not be reversed by
neural blockade.

Histological studies of the joints of
patients with RSD, revealed various
degrees of synovial oedema, prolif­
eration of synovial cells and capillar­
ies, fibrosis of the sub-synovlurn, and
some periarticular infiltration bychronic
inflammatory cells" Bone scans re­
vealed a predominant localisation of
nuclides in the juxta-articular region of
bones suggesting a focal increase of
blood flow to these areas." This in-

90



Australasian Musculoskeletal Medicine November 2001

Mechanisms of Complex Regional Pain Syndromes

creased blood flow was inferred to be
the mechanism of demineralisation
seen in RSD."

Thermographic studies showed that
affectedlimbs may bewarmer or colder
than the unaffected limb but more
commonly colder in chronic cases."
Temperature asymmetry, however, is
not unique to RSD, for it can occur in
other pain states, by asymmetries
greater than 2°C,and particularlywhen
greater than 3°C are more frequent in
RSD than in other disorders." How­
ever,although skintemperature in RSD
may not be significantly different from
that of the uninvolved limb, muscle
blood flow and resting blood flow are
significantly increased."

Extension
Perhaps the most bizarre feature of

RSD is its extension to regions well
beyond the initially affected area. Scin­
tigraphic"'''''' and neurologic studies
have shown that subtle and substantial
changes can be detected in the oppo­
site limbs of patients with RSD and
there has been one case report of RSD
affecting the whole body after surgery
for low back pain"

Problems
Many problems befell the continued

or wider recognition of causalgia and
RSD. Foremost was the definition of
liminal cases. Although the classical
andarchetypical descriptions rendered
the recognition offlorid cases straight­
forward, they did not define early or
minimal cases. Critics asserted that:
• the label of RSD is quite practitioner

dependent, ranging form a hyper­
algesic, sweaty, oedematous, cool
appendage to simply any surgical
outcome that fails to meet the ex­
pectation of the operating sur­
geon."

• of patients labeled as having RSD,
perhaps 85% had nothing that even
approached RSD, and clearly had
otherdiagnoses suchasneuralgias,
peripheral vascular disease, and

even myofascial pain syndromes."

Otherwise, critics "·35 have noted
that:
• sympathetic features are not con­

sistent,"·3' skin temperature
changes are variable and may be
the same, warmer, or cooler on the
affected side;" therefore, this can­
not be a discriminating, diagnostic
criterion;"

• the cutaneous features of RSD do
not necessarily imply abnormal ac­
tivity of sympathetic nerves:" they
could be manifestations of normal
responses to injury;" coldness and
cyanosis could be due to hyper­
sensitivity to circulating amines 33.35

and warmth and redness could be
due to neuropeptides possibly re­
leased antidromicallyfrom sensory
nerves;" trophic changes can be
ascribed to disuse" or immobilisa­
tion:"

• abnormal skin temperatures can
occur in the absence of any
noradrenergic vasomotor innerva­
tion;35

• pain does not correlate with vaso­
motor or sudomotor activity, and
causalgic pain can occur in the
absence of vascular changes;32.33

• microneurographicstudieshavede­
tected no abnormal sympathetic
activity in patients with RSD;32.33,3'..,

• the effect of sympathetic blocks is
unpredictable, and does not pre­
dict the effect of sympathectomy;"

• pain relief after blocks does not
correlate with the duration of effect
of sympathetic blocks, ".33,<2

• pain relief after blocks is independ­
ent of the thermal effects of
blocks;",33

• sympatheticblocksrelievepaineven
when the causative lesion is proxi­
mal to the block;32

• pain is relieved by blocking the
stellate ganglion with morphine
which does not produce block of
sympathetic efferents;32."
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• intravenous clonidine interrupts
sympathetic transmission but has
no effect on pain;"'"

• theeffectsofstellateganglionblocks
have never been controlled in any
studies of causalgia;"·33.., one
study found that only 15 out 54
blocks satisfied criteria for an ef­
fective block;"

• stellate ganglion blocks are nottar­
get specific;very littleof the injeclate
reaches the area of the stellate
ganglion and much spreads else­
where;29

• when compared to saline controls,
intravenous guanethidine or reser­
pine has no diagnosticortherapeu­
tic efficacy;"''''

• saline is just as effective as phen­
tolamine in relieving pain;"'"

• investigationsof thepurported sym­
pathetic and noradrenergic basis
of RSD have found decreased,
rather than increased, levels of
catecholamines inthe venousblood
of limbs affected by RSD;30·33....55

• the intra-cutaneous injection of no­
radrenaline evokes pain in only a
minority of patients butfew patients
remain sensitive to such injections
when re-examined 12-16 years
later;"

• with respect to taxonomy, critics
have asked how to classify patients
who' lack sympathetic features or
patients who have the sympathetic
features but no pain"

These observationsstrikeattheheart
of the traditional, clinical models of
causalgia and RSD and their diagno­
sis. Denied sympathetic blocks and
intravenous guanethidine, proponents
are left with clinical features of ques­
tionable specificity upon which to make
the diagnosis.

A Resolution
At a conference held in 1993, propo­

nents of RSD,,·57 agreed that:
• the term (RSD) had lost any clinical

or research utility because of wide-
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Rgure 2. Livingstone's model ofcausalgia.

MUSCLE
SPASM

PAIN

CRPS
Type I Type II
SMP SMP
SID SID

Indeed. a further dimension was
added that did not prejudice the pri­
mary diagnosis. Itwas recognised that
the pain of CRPS might be relieved by
sympatholytic procedures or it might
not. Pain not so relieved was classified
as sympathetically independent pain
(SID). whereas pain relieved by sym­
pathetic blocks was classified as sym­
pathetically maintained pain (SMP).
Whether or not the pain could be
relieved by sympathetic bloclkswas not
considered an essential criterion for
any condition. It was simply a feature
that extended the classification to four
basic conditions (Table 2).

Table 2. The four types ofcomplex
regional pain syndrome (CRPS). SMP;
sympatheticallymaintainedpain. SID;
sympatheticallylndependentpaln.

Mechanisms
In the past. authorities ventured to

explain all the features of CRPS by
singular. comprehensive models.
These models. however. were essen­
tially heuristic. They linked the various
features descriptively into a single dis­
order. but afforded little or no insight
into the specific mechanisms of each

L J--'l'
SYMPATHETIC
ACTIVITY

NERVE INJURY ~ IRRITATIVE FOCUS

metabolites~ SELF-s:STAINED
ischaemia LOOPS IN THE
vasoconstriction SPINAL CORD

The condition previously knows as
causalgia was reclassified as CRPS
type II. Its diagnostic criteria were to
be:'
1. The presence of continuing pain.

allodynia or hyperalgesia after a
nerve injury. not necessarily limited
to the distribution of the injured
nerve.

2. Evidence at some time of oedema.
changes in skin blood flow. or ab­
normal sudomotor activity in the
region of pain.

3. The diagnosis is excluded by the
existence of conditions that would
otherwise account for the degree of
pain and dysfunction.

otherwise account for the degree of
pain and dysfunction.

These revisions addressed several
criticisms that had been raised about
RSD and causalgia. The emphasis on
"sympathetic" features was reduced.
Instead, the emphasis lied on the pres­
ence of pain and allodynia or hyperal­
gesia. Oedema, changes in skin blood
flow. or sudomotor activity needed to
be present only at some time in the
course of the condition. A link to the
sympathetic nervous system was not
implied" and. in particular. there was
no implication that the sympathetic
nervous system was responsible in
any way for the pain.

spread, indiscriminate use, with no
diagnostic or descriptive criteria;

• the reflex that is required by the
term has neverbeendemonstrated;

• the linkage to the sympathetic nerv­
ous system is inconsistent and in­
constant;

• the term dystrophy is used impre­
cisely and the features may not be
presentconsistently.

This nomenclature was adopted for
the second edition of the taxonomy of
the International Association for the
Study of Pain.'

The condition previously known as
RSD was reclassified as CRPS type I.
Its diagnostic criteria were to be:'
1. The presence of an initiating nox­

ious event, or a cause of immobili­
sation;

2. Continuing pain, allodynia or hy­
peralgesia with which the pain is
disproportionate to any inciting
event;

3. Evidence, at some time, ofoedema
or changes in skin flow, or abnor­
mal sudomotor activity in the region
of pain;

4. The diagnosis is excluded by the
existence of conditions that would

They resolved to create anomencla­
ture that was based on a descriptive
method which was clinically useful but
did not imply any particular mecha­
nism." They arrived at the term com­
plex regional pain syndrome (CRPS)
on the grounds that

Complex: recognised the intellec­
tual and clinicalcomplexityof the symp­
toms and signs encompassed by this
rubric

Regional: described the distribution
of the symptoms which is the hallmark
of the conditions

Pain: is the sine qua non of the
condition.

Syndrome: recognised thatthe con­
dition was not ascribed to a single
aetiology, and represented a cluster of
symptoms and signs.
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Figure 3. The mechanisms of brush allodynia.

•
.-NOCICEPTIVE INPUT

tised to mechanical, thermal, and
chemical stimuli in patients with brush
allodynia, which implies ongoing activ­
ity in these afferents.•·39 However, oth­
ers have found no evidence of
sensitisation of C fibres or Ao fibres. 76

Nevertheless, other studies have
shown that blocking afferent input from
sources of nociception, either by us­
ing local anaesthetic blocks orby com­
pressing nerves, abolishes both spon­
taneous pain and allodynia,·60·65.77

Itwould, therefore, seem that ongo­
ing input from primary afferents is
essential for the maintenance of
allodynia. The implication is that this
input triggers central sensitisation.
However, the mechanism by which
nociceptive input initiates and main­
tains central sensitisation has not been
established. One conjecture is that
nociceptive input facilitates second­
order neurones through the action of
glutamate acting on NMDA receptors,
and through the sustained action of
substance P and neurokinin A.60 Neu­
rokinin A has been shown to spread
beyond its immediate site of release
following noxious stimulation," and
may well thereby excite distant neu­
rones, rendering them more sensitive
to peripheral input. An altemative con­
jecture isthatcentralsensitisationcould
be due to loss of inhibition of second­
order neurones resulting from trans­
synaptic degeneration of inhibitory
inter-neurons caused by nociceptive
excitotoxicity.'.60,7<,79

In essence, the mechanism of brush
allodynia can besummarised as shown
in Figure 3, There is no evidence that

~
EXPANSION OF
RECPETIVE FIELDS

CENTRAL SENSmSATION

ALLODYNIA •
IN REMOTE AREAS --

ALLODYNIA ...-- L -' 4-----A~TOUCH

~

• brush-evokedallodyniaisabolished
by nerve blocks at a time when
tactile sensations are but other sen­
sations remain unaffected."36,40,,,,"

Brush allodynia also involves central
neuronal plasticity. The evidence for
this is indirect in humans but direct in
laboratory animals.

In humans, the application of cap­
saicin to skin lowers the threshold for
activation of tactile mechanoreceptors
in nearby skin unaffected by the cap­
saicin. 5,60,66-69

The mechanism of this sensitisation
is central for it is evident upon electrical
stimulation of peripheral nerves, which
bypasses any putatively sensitised
peripheral nerve endings.,,67

Similar phenomena have been ob­
served in animals, and are associated
with expansion of the receptive fieldsof
WDR neurones and lamina Ineurones
in the dorsal horn.7°-"

The expansion of receptive fields
explains the extension of allodynia to
regions beyond the immediate site of
injury in CRPS.

Blocking peripheral nerves relieves
allodynia in regions beyond the terri­
tory of the affected nerve"

Primary nociceptive input initiates
and maintains brush allodynia, The
evidence for this is circumstantial.

Some studies have shown that noci­
ceptive primary afferents are sensi-

PAIN ••----

• electrical stimulation evokes pain
from symptomatic tissues at stimu­
lus intensities thatevoke only tactile
sensations in normal skin;,·40·60·63­
65

Brush Allodynia
Of all the features of CRPS, brush­

evoked allodynia is the best under­
stood. For allodynia there is a satisfy­
ing model supported by experimental
evidence both in humans and in labo­
ratory animals.

Brush allodynia is mediated by A~
fibres. The evidence for this is that:
• the reaction iime forthis sensation

is consistent with the conduction
velocity of large myelinated
afferents;'·60'"

• the pinprick threshold for brush­
evoked allodynia is equal to, or
nearlyequal to, thatof lowthreshold
mechanoreceptors in healthy
skin;4,6Q.6)

feature. One of the earliest models,
that of Livingstone,58 serves just aswell
today as it did when it was first con­
ceived (Fig. 2). Authors of later models
acknowledge that theirs areessentially
based on that of Livingstone"

The Livingstonemodelmaintainsthat
nerve injury creates a peripheral "irri­
tative" focus that, in tum, generates
"self-sustained loops" in the spinalcord
thatgenerate muscle spasm, pain,and
sympathetic activity. The lattercauses
vasoconstriction and ischaemia in the
periphery, forming metabolites that are
responsible both for the sympathetic
features of the condition and mainte­
nance of the irritative focus,

While encapsulating the essential
features of CRPS such models do not
offer insights into the mechanisms
involved. They do not explain the na­
ture of the "irritative focus" or how it
generates "self-sustained loops" or
what these actually are, Moreover,
these models accept that sympathetic
activity is an essential part of the con­
dition and mechanisms involved,which
modern research has brought into
question. Nevertheless, such models
have served to direct attention towards
individualcomponents ofthe syndrome
in the pursuit of the explicit mecha­
nisms involved.
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brush allodynia is sympathetically
mediated. Experiments have shown
that in patients in whom allodynia is
relieved by sympathetic blocks, elec­
trical stimulation of Ap fibres, and
vigorous rubbing of the previously af­
fected skin does not re-evoke
allodynia." This argues against pe­
ripheral sensitisation. Any role of the
sympathetic nervous system must re­
late only to the sensitisation of primary
nociceptive input or to the mainte­
nance of central sensitisation. How­
ever, any such role isdependent ontihe
validity oftihe data concerning sympa­
thetically maintained pain.

Static Hyperalgesia
The available evidence indicates tihat

static, or punctate, hyperalgesia is due
to a shift to the left of tihe response
characteristics of nociceptive afferents,
due to central sensitisation.

Experimental injury to the skin pro­
duces mechanical hyperalgesia in
normal volunteers'·BO.".' that is medi­
ated by nociceptive afferents 6.39.".68

that exhibit increased sensitivity."'"
Central sensilisation must beoperat­

ing because punctate hyperalgesia is
not abolished by peripheral blocks of
tiheinjured site"and outlasts tihe spon­
taneous pain induced by capsaicin
injury to the skin."

In animal experiments, tihe extension
of hyperalgesia to areas remote from
the original site of injury is associated
with expansion oftihereceptive fields of
second-order nociceptive neu­
ranes.72,es.87

The inability of peripheral blocks to
relieve static hyperalgesia indicates
that the central sensitisation involved
differs from that which underlies brush
allodynia. Whereas sensitisationtoAP
input requires ongoing peripheral no­
ciceptive activity, sensitisation to noci­
ceptive input seems to be induced by
a noxious stimulus but outlasts that
stimulus. What isnot known is how long
that sensitisation lasts: whether it is
self-limited orpermahent; orwhetiher it

is rekindled by periodic nociceptive
input in order to appear long-lasting. In
animals, features of hyperalgesia re­
solve spontaneously;" tiherefore,there
are no models, at present, of the long­
lasting hyperalgesia seen in humans."

Spontaneous Pain
In tihepast, basicscientistswho have

sought to explain the pain of CRPS
have explored not only the mecha­
nisms of the pain but also its relation­
ship to sympathetic activity. Their in­
vestigations, however, predated the
doubts that have been cast on the
validity of sympathetic blocks and,
therefore, the necessity of linking pain
to sympathetic activity.

Accurate figures on the prevalence
of SMP are hard to find, but some
studies suggest that only 45% 69 or as
few as 36% 52 or 33% 77 of patients
with CRPS have SMP. Even fewer
patients have genuine SMP if re­
sponses to blocks are discounted for
placebo effects" Phentolamine"'"
and guanethidine"·48-50 infusions are
justas effective as saline infusions and
so cannot be regarded as specific
tests of sympathetic mediation. The
only unchallenged hallmark ot sympa­
tihetic mediation have been local an­
aesthetic blocks of the sympathetic
trunk. However, a recent study now
calls even tihem into question.

In a cross-over study, Price et al90

performed stellate ganglion blocks or
lumbar sympathetic blocks using ei­
tihernormal salineor local anaesthetic.
In terms of immediate pain relief and
relief of allodynia and hyperalgesia,
tihetwo agents were indistiguishable.
Local anaesthetic differed from nor­
mal saline only in tihatitafforded longer­
lasting relief. Consequently, tiheimme­
diate response to sympathetic blocks
cannot be held as a diagnostic crite­
rion for sympathetically mediated
pain.90

Consequently, the significance of
sympathetic mediation of pain may
have been overestimated in tihepast,
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and the pursuit of a sympathetically
mediated mechanism of pain applies
to only a minorityof patients. Neverthe­
less, the mechanisms that have been
proposed serve equally for SIP as they
might for SMP_

Review articles have suggested four
possible mechanisms of the pain of
CRPS. They are ephapses,90·" sym­
pathetic afferents,"·33.90." neuro­
mas,"'" and ectopic activity in dorsal
root ganglia ... .az.... Each of these re­
quires an injury to a peripheral nerve
and, therefore, serves to explain the
pain of CRPS type II. No explanations
have been proffered for CRPS type I.
However, the pain (and otherfeatures)
of CRPS type I can be explained if it is
assumed that this condition involves
occult (i.e., clinically unapparent) nerve
injury.

The ephapse model requires that,
after nerve injury and at the site of
injury, connections develop between
peripheral axons such that impulses
along one are transmitted to the other.
The connections could be between
sensory afferents such that normal
stimuli along the distal segment of an
intact and non-nociceptive afferentare
communicated to the proximal seg­
ment of a nociceptive afferent, result­
ing in non-noxious stimuli being per­
ceived as painful. The connections
could be between efferent sympathetic
fibres and nociceptive afferent fibres,
such that efferent activity is reflected
as nociceptive activity.

Arguments against this model are
tihat:
• such ephapses as do occur after

nerve injury are not between the
appropriate axons required by the
model;90

• ephapsesbetweensympatiheticand
afferent fibres have not been iden­
tified ;45.59

• if ephapses occur between distal
non-nociceptive axons and proxi­
mal nociceptive axons, the oppo­
site should also occur such that
peripheral noxious stimuli would be
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perceived as not painful (this has
not been observed);"

• ephapses take time to develop and,
therefore, cannot explain the early
onset of pain;""'"

• local anaesthetic delivered to the
putative site of suchephapses does
not relieve pain," and

• afferent activity from ephapses is
not synchronous with sympathetic
activity"

The model ofsympathetic afferents
has been promoted by one author,,·33
largely on the grounds that other mod­
els inadequately explain the pain of
CRPS. Although the author refers to
earlier anatomical literature on the
existence of sympathetic afferents,
this work has not been corroborated by
modern studies; nor is there any con­
vincing physiological evidence of af­
ferent activity in sympathetic nerves in
patients with CRPS. Earlier reports
that morphine injected around the
stellate ganglion relieves the pain of
CRPS without affecting vasomotor
activity 43 have been contradicted. 94

This model remains only a conjecture
available for pursuit if other explana­
tions are less satisfying.

Neuroma-formation is the one pro­
posed mechanism of pain in CRPS
that has most often been invoked inthe
literature on CRPS.3S·<S·90-93 However,
this does not necessarily argue that it
is the mostfavoured or the best expla­
nation. Rather, it may be only that
neuroma formation is the most studied
and best understood pathophysiologi­
calphenomenon ofnerve injury.There­
fore, when authorities are called upon
to offer explanation for CRPS they
gravitate to what is most studied and
best understood.

Neuromas occur when peripheral
nerves are transected. Within hours of
transection, axon sprouts appearfrom
the cut end of the proximal segment.
Between two and 30 hours afterinjury,
a small proportion of these axons ex­
hibits spontaneous discharges'S With

the passage oftime a greater propor­
tion ofaxons discharge spontaneously
and become mechanosenstive.96-'OO
Moreover, the sprouts are sensitive to
circulating adrenaline and noradrena­
line, and the excitation of neuromas by
amines can be blocked by phen­
tolamine." This latter feature rendered
neuromas particularly attractive as a
source of SMP.

The neuroma model is attractive in
that it provides a pathology consistent
with nerve injury and capable of pro­
ducing spontaneous pain. However,
while directly applicable to CRPS type
II, it is not applicable to CRPS type I,
unless ifis acknowledged that in CRPS
type I neuromas are fonned on deep
nerves, and have hitherto been clini­
cally inaccessible. Moreover, the neu­
roma model predicts that the pain of
CRPS would be relieved by blocking
the neuroma, but peripheral blocks or
neurectomy do not always succeed in
relieving the pain of CRPS8." The
neuroma model has also been re­
jected, at leastforSMP, on the grounds
that:
• there is no correlation between pain

and vasomotor activity;"
• sympathetic activity is normal in

CRPS;"·1O' and
• substances other than adrenaline

and noradrenaline are equally ca­
pable of exciting neuromas, includ­
ing these include acetylcholine, his­
tamine and prostaglandin E."

An adaptation olthe neuroma model
is the constriction model.'" In ex­
perimental animals if ligatures are ap­
plied to a peripheral nerve so as to
constrict it but not transect any of the
axons, the animal develops pain,
allodynia and hyperalgesia.1O' At the
site of ligature, the axons are com­
pressed by the ligatures and by the
oedema thatoccurs.t" Distally, axons
degenerate. Virtually all the myelinated
axons degenerate and nearly all the
unmyelinated axons. 'OJ.104 Physiologi­
cally, however, myelinated and unmy-
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elinated fibres become spontaneously
active, both distal and proximal to the
site of injury.'OJ The activity of C fibres
and Ao fibres is presumed to be the
basis for pain induced by this type of
lesion. The source this activity has not
been established for certain but one
interpretation is that it arises from
growth cones from the axons at the site
of injury.103 The injured axons develop
an increased number of sodium chan­
nels and an increased number of D­

adrenergic receptors, which renders
them susceptible to spontaneous dis­
charge and to stimulation byamines'·"
Ineffect, the injured axons behave like
neuromas, and the condition is some­
times regarded as a neuroma-in-con­
tinuity."

The constriction model offers an
explanation of CRPS type without re­
quiring frank transection of a nerve, as
in the case of neuroma. It can also be
adapted to explain CRPS type I. So­
matic injuries might fail to injure a
peripheral directly but focal swelling of
injured tissues surrounding a periph­
eral might nonetheless constrict it.

Ectopic impulse generation in dor­
sal root ganglia'"10'."" is an appeal­
ing alternative to the neuroma or con­
striction models in that it explains why
peripheral blocks, in some cases, fail
to relieve the pain of CRPS. Unfortu­
nately, this model has barely been
explored in experimental animals and
not at all in clinical studies. The circum­
stantial evidence is that:
• after transection of a peripheral

nerve, not only do neuromas de­
velop but dorsal root ganglion cells
become spontaneously active;"·10~,,,

• dorsal root ganglion cells also be­
come active after constriction of a
peripheral nerve;'"

• the spontaneous activilythat devel­
ops after nerve constriction is not
abolished by transecting the af­
fected nerve proximal to the site of
injury or just distal to the dorsal root
ganglion, but it is totally abolished if
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the dorsal root is transected proxi­
mal to the dorsal root ganglion;'"

• after nerve injury. dorsal root gan­
glion cells receive a neo-innerva­
tion by sympathetic efferent fi­
bres;10S1

• spontaneously active dorsal root
ganglion cells are activated by
adrenaline....to and are sup­
pressed by phentolamine.'"

The latter phenomena render the
dorsal root ganglion model an attrac­
tive explanationofSMP. Moreover.the
dorsal root ganglion model offers an
explanation of pain that is relieved by
stellate ganglion blocks but not by
regional intravenous blocks of the up­
per limb.

The model that has attracted the
greatest acclaim is that of Roberts.'"
Indeed. it was hailed by Bonica as
"brilliant".'" This model proposed that
at the time of injury. C fibres activate
and sensitise wide dynamic range
(WDR) neurones in the spinal cord.
These neurones remain senstisied by
normal inputs from large diameter
afferents whose activity is perceived
as painful and ismaintained bysympa­
theticactivity.In support oflhis model,
Roberts and colleagues showed in
animal, experiments that only WDR
neurones were activated by sympa­
thetic stimulation.'12 and that such
stimulation drove hair afferents and
slowlyadaptingperipheralafferents.' 13

Arguments raisedagainst thismodel
are that:
• there isnocorrelationbetween pain

and vasomotor activity."'"
• the frequency of stimulation re­

quired to activate peripheral
receptors by sympathetic stimula­
tion is large and in excess of what
is normally encountered in sympa­
thetic nerves"

• sympathetic activity is normal in
CRPS'2.'"

• if WDR neurons were sensitised.
sensitivityshouldbealsobeevident
for other modalities such as heat.

but this is not always the case , ..
• the model requires that the

sensitisation ofWDR is maintained
not bynociceptive inputbut by input
from large diameter afferents. It
predicts that sympathetic blocks
would eliminate this sensitisation
by normalising the activity of large
diameter afferents. Were that the
case. then stimulating large diam­
eter afferents. electrically or by
vigorous rubbingoflhe skin, should
reinstate the pain and allodynia
after a sympathetic block. This is
not the case...·... Successful sym­
pathetic blocks eliminate hyperal­
gesia. and protect the patient from
re-activation of their pain."'· 80

Central Mechanisms
Where all the foregoing models fail is

in the explanation of CRPS that devel­
ops following lesions in the central
nervous system (Appendix I), in which
there is no peripheral injury. and no
basis for the formation of neuromas or
thedevelopment ofspontaneousactiv­
ity in the dorsal root ganglia. Indeed.
the occurrence of CRPS after central
lesions has repeatedly been raised as
a criticism of all peripheral-based
models of the pain of CRPS'2.33." For
thisreason.severalauthorshavegravi­
tated towards a "central" mechanism
for the pain of CRPS. although without
elaborating any particulars""'·' Sun­
derland' introduced the notion of a
"turbulence"hypothesis. inwhich caus­
algia was caused by disordered activ­
ity in the spinal cord induced by retro­
grade and trans-synaptic degenera­
tion following peripheral nerve injury.
Nathan93 referredto thework of Denny­
Brown'''''''as an explanation of the
spread of pain and hypersensitivity.

The studies of Denny-Brown'"''''
revealed that the organisation of the
spinal cord and brainstem is far more
complex than the peripheral models of
CRPS currently admit. In the normal
state. segmental nerves ramify over
multiplespinal cordsegmentsand elicit
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both excitatory and inhibitory influ­
,ences overmultiplesegments through
the dorsolateral tract. Normal sensa­
tion involvesnot simplythe responseof
a single neurone at the level of entry of
a peripheral afferent, but a profile of
excitatory and inhibitory activity over
several segments. Transecting a pe­
ripheral nerve results in quite bizarre
sensory changes. These changes do
not involve ongoing peripheral activity.
but occur as a result of loss of periph­
eral input. They include development
of areas of numbness and areas of
hyperaesthesia but most strikingly,
these areas are not fixed; they change
size, and can be made to shrink or
enlarge by manipulating the tonic in­
hibitory functions of the dorsolateral
tract either by injections of strychnine
or by selectively transecting the
tract.' 14-1 16

These observations indicate that the
wiring of the spinal cord is such that

, simple loss of input from the periphery
can result in hyperaesthesia. not be­
cause of sensitisation of the dorsal
horn, but through loss of inhibition.
Others have studied the same phe­
nomenon more explicitly.

Studies in cats have shown that,
following peripheral deafferentation.
receptive fields of dorsal hom neurons
increase"'·'16 but the extent of expan­
sion is too greatto be accounted for by
axon sprouting.'" Rather. the investi­
gators reasoned that the expansion
was due to unmasking of latent
synapses. ostensibly through loss of
inhibition."'·'" Furthermore. earlier
work by HillmanandWall'" hadshown
that the peripheral receptive fields of
low threshold and high threshold
receptorsoverlapextensively.andhave
different excitatory and inhibitory ef­
fects on dorsal hom neurons. More
significantly. they showed that these
recep.tivefields and their effects were
subject to descending modulation.
Blocking descending inhibition in­
creases the activity ofdorsal horn cells
and increases the sizes oflheir recep-



Australasian Musculoskeletal Medicine November 2001

Mechanisms of Complex Regional Pain Syndromes

tive fields."
Meanwhile, otherstudies have shown

that deafferentation causes spontane­
ous activity in nociceptive neurons in
thedorsal hom ortrigeminal nucleus.F"
tzzThis activity is not driven by periph­
eral input; indeed it can be exacer­
bated by spinal anaesthesia. Denied
their accustomed peripheral input,
these neurones behave as if they have
unstable membranes and discharge
spontaneously. Moreover, they lack
receptors to conventional transmitter
substances, and are unreceptive to
iontophoretic application of GABA,
glycine, glutamate and homo­
cystelne.""

Collectively these observationsallow
for a central model of the pain of
CRPS. The pain is not caused by
peripheral nociceptive input but either
by peripheral deafferentation or by
loss of descending inhibition. Thus,
the pain of CRPS could be a fonn of
"central" pain, caused, in some cases,
by peripheral deafferentation or, in
other cases, by central lesions. Such
a mechanism is the only one that can
account for both peripheral and cen­
tral causes of CRPS. Allodynia and
hyperalgesia occur in company with
the pain not because of excitation or
facilitation, but as a result of loss of
inhibition of surrounding segments.

A Synthesis
Just as peripheral models do not

explain the pain suffered by patients
with central causes of CRPS, the cen­
tral model does not explain those cases
in which peripheral somatic blocks still
relieve their pain. A diplomatic synthe­
sis could be that there is no singular
explanation for' the pain of CRPS.
Rather, it might be that different pa­
tients suffer injuries at different sites
along a common pathway. As a result,
patients may resemble one another
clinically, but the mechanisms of their
pain are slightly different. Another
modification is that perhaps as pa­
tients evolve through different phases

of their condition, the mechanisms
change. Thus, it might be that periph­
eral mechanisms operate early, but
more centralmechanisms operate later,
when the condition becomes refrac­
tory to peripheral interventions.

Sympathetic Features
The so-called sympathetic features

of CRPS almost defy explanation. The
confounding factors are the variation
between and within patients, and se­
lection bias in studies ofthese patients.
Forexample, Baron and Maier '23 stud­
ied only patients with cold limbs,
whereas Kurvers et al " studied pa­
tients with wann limbs.

Traditional descriptions of the phases
or stages of CRPS (Table 1) are ide­
alised and have not been corrobo­
rated. When tabulated according to
duration of symptoms, the "sympa­
thetic" features of CRPS type I do not
differ 125. Early in the course of the
condition, a somewhatgreater propor­
tion of patients (86%) exhibit oedema,
but oedema is present in 55% of pa­
tients at 12 months. Osteoporosis on x­
ray is uncommon in patients with a
history shorter than two months, but is
evident in some 40% of patients with a
history longer than two months. The
incidence of other features such as
colour difference, temperature differ­
ence, hyperhidrosis, trophic changes
in hair or nails, as well as well and
neurological features, does not differ
with time 125.

When tabulated according towhether
the affected limb is wann or cold, the
"sympathetic" features do not differ.
Oedema occurs somewhat more fre­
quently in patients with wann limbs and
a short history; and trophic changes
are more common in patients with a
cold limb and a longer history. How­
ever, the incidence of hyperhidrosis,
abnonnal nail growth or hair growth,
motor features or sensory features
does not differ.'"

Modem evidence clearly discounts
sympathetic overactivity as the basis
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for the "sympathetic" features of
CRPS.'23,'26 At rest, skin blood flow
and skin temperature may be greater,
lower, orthe same ason the unaffected
side,'" but if patients are acclimatised
to a warm environment, they exhibit
essentiallynormalsyrnpatheticreftexes.
At most, the evidence suggests that in
the early phases of CRPS, vasocon­
strictor drive is deficient.123.'26 Moreo­
ver, the deficiency lies in the central
nervous system and not at spinal or
peripheral levels. '26

Such deficiencies as do occur are
selective for certain aspects of vaso­
motor control. Whereas vasoconstric­
tor drive may be decreased, sudomo­
tor activity is normal or may be en­
hanced.'"Although thennoregulatory
skin blood flow may be increased in
early CRPS, nutritive skin blood flow is
not. Yet both are decreased in later
CRPS.'" These irregularities indicate
that mechanisms other than, or in
addition to, sympathetic activity affect
the vasomotor state of the affected
limb, particularly in the later stages of
the condition.

Among the mechanisms suggested
are:
• hypersensitivity or upregulation of

peripheral ad renoreceptors on
blood vessels;"·35." 123.1",'26

• increasedvascularperrneabililydue
to inflammatory mediators;"''''

• antidromicactivity in C-fibres caus­
ing vasodilatation.35.13•

Accordingly, the "sympathetic" fea­
tures ofCRPS may involve a mixture of
various mechanisms at different times
or at different stages of the condition.
Decreased vasoconstriction might
complement antidromic or inflamma­
tory vasodilatation, but when vasocon­
strictor drive retums it might compete
with antidromic or inflammatory va­
sodilatation, resulting in unstable and
variable features.

Regardless of the mechanism of va­
somotor disturbances contemporary
authorities agree that there is no corre-
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lalion between sympathelicdysfunction
and pain.32.33,123,126

With respect to central causes of
CRPS (Appendix I), peripheral mecha­
nisms of the sympathetic features can­
not be invoked. The only explanation
must be disturbed descending control
of sympathetic drive.

Summary
Given the available evidence,

Livingstone's model can be elaborated
as shown in Figure4. The model allows
for either a peripheral nerve injury to
initiate the process, or a central lesion
of the nervous system. The model
presumes that in CRPS type Ian occult
nerve injury occurs.

Nerve injury might cause deafferen­
tation and/or neuroma formation, or
involve a constriction injuryof the nerve.
Neuroma formation or constriction in­
jury causes spontaneous activity in C
fibres and A'6 fibres, either at the site
of injury or in dorsal root ganglion cells.
This activity is transmitted to the nerv­
ous system where it excites and facili-
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Figure 4. A model of the mechanisms of CRPS.
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tates nociceptive neurones in lamina I
and in lamina V. That activity is per­
ceived as pain, which by the mecha­
nism involved is neurogenic pain. Fa­
cilitation of the central neurons be­
comes the basis for hyperalgesia, and
also causes expansion ofthe receptive
fields of adjacent neurones. The ex­
panded fields capture evoked activity
in A~ fibres which is received by the
facilitated neurones, and is perceived
as allodynia.

As well, or alternatively, inhibitory
interneurones are stimulated by affer­
ent activity and undergo excitotoxicity.
Loss of inhibitory interneurones re­
sults in disinhibition of nociceptive
neurones and in expansion of recep­
tive fields.

On the other hand, additionally or
alternatively, deafferentation alone may
result in disinhibition of intemeurones,
and thereby facilitation of nociceptive
neurones and expansion of receptive
fields. Meanwhile, deafferentation may
result in spontaneous activity in noci­
ceptive neurones, thereby causing
central pain.

A CNS lesion could evoke the same
processes by causing disinhibition
directlywithin the central nervous sys­
tem. In orderto accommodate visceral
causes of CRPS, the model must as­
sume that visceral disorders involve an
injury to one or more of the nerves of
the affected organ, or deafferentation
of that organ.

Central to the generation of"sympa­
thetic" features is disinhibition. This
could be caused by central lesions or
by deafferentation, and results in de­
creased vasoconstrictor drive, in the
first instance. Subsequently, blood
vessels developdenervation sensitiv­
ity. Meanwhile, in the case of periph­
eral lesions, spontaneous activity in

.nociceptive neurones may also cause
antidromic vasodilation, which supple­
ments or competes with sympatheti­
cally mediated vasodilatation or vaso­
constriction.

The model expects and requires no

reinforcing effect of sympathetic ac­
tivity on the processes that generate
pain and other features. Such effects
require more compelling data on the
role of sympathetic nerves in CRPS.

References
1.Merskey H, Bogduk N (eds). Classifica­
tion ofchronicpain. Descriptions ofchronic
pain syndromes and definitions of pain
terms. 2"" ed. Seattle; IASP Press, 1994.
2. Cervero F, Laird JMA. Mechanisms of
touch-evoked pain (allodynia): a new
model.Pain 1996;68:13-23.
3.CampbellIN, Raja SN,MeyerRA.Pain­
ful sequelae of nerve injury. Refresher
course on Pain Management. InternalAs­
sociation for the Study of Pain. Seattle;
IASP,1990,pp.71-78.
4. Price DD, Long S, Huitt C. Sensory
testingof pathophysiologicalmechanisms
of pain. I: patients with reflex sympathetic
dystrophy. Pain 1992:49: 163-73.
5.Koltzenburg M,LundbergLER,Torebjork
HE. Dynamic and static components of
mechanical hyperalgesia in human hairy
skin. Pain 1992;51: 207-19.
6.OchoaJ,YamitskyD.Mechanicalhyper­
algesia in neuropathic pain patients: dy­
namic and static subtypes. Ann Neurol
1991;33:465-72.
7. Bonica JJ. Causalgia and other reflex
sympathetic dystrophies. In: Bonica JJ,
Liebeskind JC, Albe-Fessard DG (eds).
Advances in Pain Research and Therapy.
Vol 3. New York; Raven Press, 1979,
pp.14Hl6.
8.SunderlandS.Painmechanismsincaus­
algia. J Neurol Neurosurg Psychiat 1976;
39:471-80.
9. Loh L, Nathan PW. Painful peripheral
states and sympathetic blocks. J Neurol
Neurosurg Psychiat 1978;41: 664-71.
10. Loh L, Nathan PW, Schott GD. Pain
due to lesions of the central nervous sys­
tem removed by sympathetic block. Br
MedJ1981;282: 1026-28.
11. Loh L, Nathan PW, Schott GD, Wilson
PG. Effects of regional guanethidine infu­
sion in certain painful states. J Neurol
Neurosurg Psychiat 1980;43: 446-51.
12. Holland JT. The causalgia syndrome
treatedwith regionalintravenousguanethi­
dine. Clin Exp Neuro/1978; 15: 166-73.
13.TorebjorkHE,HallinRG.Recordingsof
impulses in unmyelinated nerve fibres in
man;afferentCfibre activity.Acta Anaesth

99

Scand Supp 1978; 70: 124-29.
14. Atkins RM, Duckworth T, Kanis JA.
FeaturesofalgodystrophyafterColles'frac­
ture. J Bone Joint Surg 1990; 72: 105-10.
15. Sachs BL, Zinorick MR, Beasley RD.
Reflexsympathetic dystrophy afteropera­
tive procedures on the lumbar spine. J
Bone Joint Surg1993; 75A: 721-25.
16. Brock TR, et al. Reflex sympathetic
dystrophy linked to venipuncture: a case
report. J Oral Maxillofac Surg 1989; 47:
1333-35.
17. Subbarao J, Stillwell GK. Reflex sym­
pathetic dystrophy syndrome olthe upper
extremity: analysis of total outcome of
management of 125 cases. Arch Phys
Med Rehab 1981;62:549-554.
18.TahmoushAJ. Causalqia: redefinition
as aciinical painsyndrome.Pain 1981;10:
187-97.
19. Procaccl P, Francini F, Zoppi M,
Maresca M. Cutaneous pain threshold
changes after sympathetic block in reflex
dystrophies. Pain 1975;1: 167-75.
20. Glynn CJ, Basedow RW, Walsh JA.
Pain relief following post-ganglionic sym­
patheticblockadewithLV.guanethidine. Br
J.Anaesth 1981;53:1297-1301.
21. Glynn CJ, White S. Evans KHA. Re­
versal of the osteoporosis of sympathetic
dystrophyfollowingsympatheticblockade.
Anaesth Intens Care 1982; 10: 362-64.
22. Hannington-Kiff JG. Reliefof Sudeck's
atrophy by regional intravenous guanethi­
dine. Lancet 1977; 1: 1132-33.
23.KozinF,McCartyOJ,SimsJ,BenantH.
The reflexsympatheticdystrophysyndrome
I.Clinicalandhistologicalstudies:evidence
forbilaterality,responsesto corticosteroids
andarticular involvement.Am J Med 1976;
60:321-31.
24. Kozin F, Genant HK, Bekerman C,
McCarty OJ.The reflex sympathetic dys­
trophysyndrome11. Roentgenographic and
scintigraphicevidenceof bilateralityandof
periarticularaccentuation.Am J Med 1976;
60:332-38.
25. Uematsu S, Hendler N, Hungerford 0,
et al.Thermography andelectrode-rnyoq­
raphyin thedifferentialdiagnosisofchronic
pain syndromes and reflex sympathetIC
dystrophy.Electromyog elin Neurophys/ol

1981;21: 165-82.
26.SylvestJ,JensenEK,Siggard-Andersen
J, Pedersen L. Reflex Dystrophy. Scand J
Rehab Med 1977; 9: 25-29.
27.KozinF, RyanLM,CareraGF,etal. The
reflexsympatheticdystrophy syndromeIII.



Australasian Musculoskeletal Medicine

Mechanisms of Complex Regional Pain Syndromes

November 2001

Scintigraphic studies, further evidence for
the therapeutic efficacy of systemic
corticosteroids, and proposed diagnostic
criteria. Am J Med 1981; 70: 23-30.
28. Benliey JB, Hameroff SR. Diffuse reflex
sympathetic dystrophy. Anesthesiology
1980:53:256-257.
29. HaddoxJD. Acallforclarity.ln: Campbell
IN (ed).Pain.Anupdated review.Refresher
course syllabus. Seallle: IASP Press, 1996,
pp97-99.
30. Tanelian DL. Reflex sympathetic dys­
trophy. Pain Forum 1996; 5: 247256.
31. Chaplan SR. Rethinking reflex sympa­
theticdystrophy. Pain Forum 1996; 5: 257­
61.
32. Scholl GO. Mechanisms of causalgia
and related clinical conditions. Brain 1986;
109:717-38.
33. Scholl GO. Visceral afferents: their
contribution to "sympathetic dependent"
pain. Brain 1994; 117: 397-413.
34. Scholl GO. An unsympathetic view of
pain. Lancet 1995; 345: 634-36.
35. Bennet GJ. The role olthe sympathetic
nervous system inpainful peripheral neu­
ropathy. Pain 1991; 45: 221-23.
36. Tahmoush AJ, Malley J, Jennings JR.
Skin conductance, temperature, and blood
flow in causalgia. Neuro/1983; 33: 1483­
86.
37. Shenman RA, KarstetlerKW, Damiano
M, Evans CB. Stabiiity of temperature
asymmetries in reflex sympathetic dystro­
phy overtime and changes in pain. Ciin J
Pain 1994; 10:71-77.
38. Wallin G, Torebjork E, Hallin R. Prelimi­
naryobservations on the pathophysiology
of hyperalgesia in the causalgic pain syn­
drome.ln: ZollenmanY (ed). SensoryFunc­
tions of the Skin in Primates with Special
Reference fo Man. Oxford; Pergamon
Press, 1976, pp 489-502.
39. Cline MA, Ochoa J, Torebjork HE,
Chronic hyperalgesia and skin wanming
caused by sensitised C nociceptors. Brain
1989; 113:621-47.
40. Torebjork E. Clinical and neurophysi­
ologicalobservations relatingto pathophysi­
ological mechanisms of reflex sympathetic
dystrophy. In: Stanton-Hicks M, Janig W,
Boas RA (eds). Renex Sympafhetic Dys­
trophy. Boston; Kluwer, 1989, pp. 71-80.
41. Casale R, Elam M. Normal sympa­
thetic activity in a reflex sympathetic dys­
trophy with marked skin vasoconstriction.
J Au/onom Ner System 1992; 41: 215-20.
42. Treede RD, Davis KD, Campbell IN,

Rada SN. The plasticity of cu1aneous hy­
peralgesia during sympathetic ganglion
blockade in patients with neuropathic pain.
Brain 1992; 115: 607-21.
43. Mays KS, North WC, Schnapp M.
Stellate ganglion "biocks"with morphine in
sympathetic type pain. J Neurol Neurosurg
Psychiat 1981; 44:189.
44. Glynn CJ, Jones PC.An investigation of
the role of clonidine in the treatment of
reflex sympathetic dystrophy. In: Stanton­
Hicks M, Janig W, Boas RA (eds). Reilex
Sympathetic Dystrophy. Boston; Kluwer,
1989, pp. 71-80.
45. McMahon SB. Mechanisms of sympa­
thetic pain. BrMedBu//1991; 47: 584-600.
46. Malmquist ELA, Bengtssom M,
Sorensen J. Efficacy of stellate gangiion
block: a clinicai study with bupivacaine.
RegAnesth 1992; 17: 340-47.
47. Rocco AG, Kaul AF, Reisman RM, et
al.. A comparison of regional intravenous
guanethidine andreserpine inreflexsyrn­
pathetic dystrophy: a controlled,
randomized, double-blind cross-over stUdy.
Ciin J Pain 1989; 51: 205-209.
48. BlanchardJ. RamamurthyS, Walsh N,
et al. Intravenous regional sympatholysis:
a double-blind comparison of guanethidine,
reserpine, and nonmalsaline. J Pain Symp­
tom Manage 1990; 5: 357-61.
49. RamamurthyS, Hoffman J, Group GS.
Intravenous regional guanethidine in the
treatment ofreflex sympathetic dystrophyi
causalgia: a randomized, double-blind
study. AnesthAnalg 1995; 81: 718-23.
50. Jadad AR, CarollO, Glynn CJ, McQuay
HJ.lntravenous regional sympathetic block­
ade for pain relief in reflex sympathetic
dystrophy: a systematic review and a
randomized double-blind crossover study.
J Pain Sympt Manage 1995; 10: 13-20.
51. Fine PG, RobertsWJ, Gillete RG, Child
TR. Slowly developing placebo responses
confound tests of intravenous phentolamine
to detenmine mechanisms underiying idi­
opathic chronic low back pain. Pain 1994;
56:235-242.
52. Verdugo RJ, Ochoa JL. 'Sympatheti­
cally maintained pain'.1: Phentolamine block
questions the concept. Neurol 1994; 44:
1003-10.
53. Verdugo RJ, Campero M, Ochoa JL.
Phentolamine sympathetic block in painful
polyneuropathies. II: further questioning of
the concept of "sympatheticallymaintained
pain". Neurol 1994; 44: 1010-14.
54. Drummond PO, Finch PM, Smythe GA.

100

Reflex sympathetic dystrophy: the signifi­
cance of differing plasma catecholamine
concentrations in affected and unaffected
limbs. Brain 1991; 114: 2025-36.
55. Harden RN, DucTA, Williams TR, etal.
Norepinephrine and epinephrine levels in
affected versus unaffected limb in sympa­
theticallymaintained pain. CiinJPain 1994;
10:324-330.
56. TorebjorkE, Wahren L, Wallin G, etal.
Noradrenaline-evoked pain in neuralgia.
Pain 1995; 63: 11-20.
57. Stanton-Hicks M, Janig W, Hassen­
busch S, et al. Reflex sympathetic dystro­
phy: changing concepts and taxonomy.
Pain 1995; 63: 127-33.
56. Livingstone WK. Pain Mechanisms. A
Physiologic Interpretation ofCausalgia and
its Related States. London; Plenum Press,
1976.
59. Janig W. The sympathetic nervous
system in pain: physiology and pathophysi­
ology. In: Stanton-Hicks M. Pain and the
Sympathetic Nervous System. Boston;
Kiuwer, 1990, pp 17-89.
60. Kollzenburg M,Torebjork HE, Wahren
LK. Nociceptor modulated sensitization
causes mechanical hyperalgesia in acute
chemogenic and chronic neuropathicpain.
Brain 1994; 117: 579-91
61. Lindblom U, Verrillo RT. Sensoryfunc­
tions in chronic neuralgia. J Neurol
Neurosurg Psychiat 1979; 42: 422-35.
62. Campbell IN, Raja SN, Meyer RA,
Mackinnon SE. Myelinated afferents signal
the hyperalgesia associated with nerve in­
jury. Pain 1988; 32: 89-94.
63. Price DO, Bennell GJ, Rafii A. Psycho­
physical observations on patients with neu­
ropathic pain relieved by a sympathetic
block. Pain 1989; 36: 273-88.
64. Treede RD, Raja SN, Davis KD, et al.
Evidence that peripheral alpha adrenergic
receptors mediate sympathetically main­
tained pain. In: Bond MR, Chariton .JE,
Wooif CJ (eds). Proceedings of the Vlth
Word Congress on Pain. Amsterdam;
Elsevier, 1991, pp 377-82.
65. Gracely RH, Lynch SA, Bennell GJ.
Painful neuropathy: altered central
processing maintained dynamicallyby pe­
ripheral input. Pain 1992; 51:175-94.;
66. Kilo S, Schmelz M, Kollzenburg M,
Handwerker HO. Different patternsof hy­
peralgesia induced by experimental inflam­
mation in human skin. Brain 1994; 117:
385-96.
67. Torebjork HE, LundbergLER, La Molle



Australasian Musculoskeletal Medicine November 2001

Mechanisms of Complex Regional Pain Syndromes

RH. Central changes in processing of
mechanoreceptive input in capsaicin-in­
duced secondary hyperalgesia in humans.
J Physio/1992; 448: 765-80.
68. La Motte RH, Shain CN, Simone DA,
Tsai EF. Neurogenic hyperalgesia: psy­
chophysical studies of underlying
mechanisms. J Neurophysio/1991; 66:
190-211.
69. Simone DA, Baumann TK, La Motte
RH. Dose-dependent pain and mechanical
hyperalgies in humans after intradermal
injection of caspaicin. Pain 1989; 38: 99­
107.
70. Simone DA, Baumann TK, Collins JG,
La Motte RH. Sensitization of cat dorsal
horn neurons to innocuous mechanical
stimulation after intradermal injection of
capsaicin. Brain Res 1989; 486: 185-89.
71. Simone DA, Sorkin LS, Oh U, et al.
Neurogenic hyperalgesia: central neural
correlates in responses of spinothalamic
tract neurons. J Neurophysio/1991; 66:
228-46.
72. Woolf CJ. Evidence for a central com­
ponentofpost-injury pain hypersensitivity.
Nature 1983; 306: 686-88.
73. Dubner R. Neuronal plasticity and pain
following peripheral inflammation or nerve
injury. In: Bond MR, CharltonJE, WoolfCJ
(eds). Proceedings ofthe Vlth Word Con­
gress on Pain.Amsterdam; Elsevier, 1991,
pp263-76.
74. Dubner R, Ruda MA. Activity-depend­
ent neuronal plasticity following tissue in­
jury and inflammation. Trends in Neurosci
1992; 15: 96-1 03.
75. Woolf CJ, Shortland P, Sivilotte LG.
Sensitization of high mechanothreshold
superficial dorsal hom and flexor motor
neurones following chemosensitive primary
afferent activation. Pain 1994; 58: 141-55.
76. La Motte RH, Lundberg LER, Torebjork
HE. Pain, hyperalgesia and activity in noci­
ceptive C units after intradermal injection of
capsaicin. J Physio/1992; 448: 749-64.
77. Arner S, Lindblom U, Meyerson BA,
Molander C. Prolonged relief of neuralgia
after regional anesthetic blocks. A call for
further experimental and systematic clini­
cal studies. Pain 1990; 43: 287-97.
78. Duggan AW, Hope PJ, Jarrott B, et al.
Release, spread and persistence ofimmu­
noreactiveneurokinin A in thedorsalhorn
of the cat following noxious cutaneous
stimulation. Studies with antibody
microprobes. Neurosci1990; 35: 195-202.
79. Sugimoto T, Bennett GJ, Kajander KC.

Trans-synapticdegeneration inthesuper­
ficial dorsal horn after sciatic nerve injury:
effects of a chronic constriction injuryI

transection and strychnine. Pain 1990; 42:
205-213.
80. Campbell IN. Complex regional pain
syndrome and the sympathetic nervous
system. In: Campbell IN (ed). Pain. An
updated review. Refresher course sylla­
bus. Seattle; IASP Press, 1996, pp 89-96.
81. Culp MA, Ochoa J, Torebjork HE.
Chronic hyperalgesia and skin warming
caused by sensitized C nociceptors. Brain
1989; 112: 621-47.
82. Torebjork HE, La Motte RH, Robinson
CJ. Peripheral neural correlates of magni­
tude of cutaneouspainand hyperalgesia:
simultaneous recordings in humans of
sensory judgements of pain and evoked
responses in nociceptors with C fibers. J
Neurophysio/1964; 51: 325-39.
83. Meyer RA, Campbell IN, Raja SN.
Peripheral neural mechanisms of
nociception.ln:WaIlPD, MelzackR(eds).
Textbook of Pain. 3rd edn. Edinburgh;
Churchill Livingstone, 1994, pp 13-44.
84. Handwerker HO, Reeh PW. Pain and
inflammation. In: Bond MR, Charlton JE,
Woolf CJ (eds). Proceedings of the Vlth
Word Congress on Pain. Amsterdam;
Elsevier, 1991, pp 59-70.
85. McMahon SB, Wall PD. Receptive fields
of rat lamina I projection cells move to
incorporate a nearby region of injury. Pain
1964; 19:235-47.
86. CookAJ, WoolfCJ, Wall PD, McMahon
SB. Dynamic receptive field plasticity in rat
spinal cord dorsal hom following C-primary
afferentinput. Nature1987; 325: 151-53.
87. Hylden JL, Nahin RL, Traub RJ, Dubner
R. Expansion of receptive fields of spinal
lamina I projection neurons in rats with
unilateral adjuvant-induced inflammation:
the contribution of dorsal hom mechanisms.
Pain 1989; 37: 229-43.
88. Wall PD. Noradrenaline-evoked pain in
neuralgia. Pain 1995; 63: 1-12.
89. Raja SN, Treede RD, Davis KD,
Campbell IN. Systemic alpha-adrenergic
blockade with phentolamine: a diagnostic
test for sympathetically maintained pain.
Anesthesiol1991; 74: 691-98.
90. Price DD, Long S, Wilsey B, Rafii A.
Analysis of peak magnitude and duration of
analgesia produced by local anesthetics
injected into sympathetic ganglia of com­
plex regional pain syndrome patients. Clin
J Pain 1998; 14: 216-26.

101

91. Devor M. Nerve pathophysiology and
mechanisms of pain in causalgia. J Auton
Nerv Syst 1983; 7: 371-64.
92. Abram S.lncidence-hypothesis-epide­
miology.ln: Stanton-HicksM.. Painand the
Sympathetic Nervous System. Boston;
Kluwer, 1990, pp 1-15.
93. Nathan PW. Pain and the sympathetic
system. J Auton Nerv Syst 1983; 7: 363­
70.
94. Glynn C, Casale R. Morphine injected
round the stellate ganglion does not modu­
late the sympathetic nervous system nor
does it provide pain relief. Pain 1993; 53:
33-37.
95. Michaelis M, Blenk KH, Janig W, Vogel
C. Development of spontaneous activity
and mechanosensitivty in axotimized af­
ferent nerve fibers during the first hours
after nerve transection in rats. J
Neurophysio/1995; 74: 1020-27.
96. Wall PD, Gutnick M. Ongoing activity in
peripheral nerves. The physiology and phar­
macology of impulses originating in a neu­
roma. Exp Neuro/1974; 43: 580-93.
97. Wall PD, Gutnick M. Propertiesofaffer­
entnerveimpulses originating from aneu­
roma. Nature 1974; 248: 740-43.
98. ScaddingJW. Developmentofadrena­
line sensitivity. Exp Neuro/1981; 73: 345­
64.
99. Korenman EM, DevorM. Ectopicadren­
ergic sensitivity in damaged axons. Exp
Neuro/1981; 72: 63-81.
100. DevorM,JanigW. Activation of myeli­
nated afferents ending in a neuroma by
stimulation of the sympathetics. Neurosci
Lett1981 ;24: 43-47.
101. Torebjork HE, Hallin RG. Micro­
neurographic studies of peripheral pain
mechanisms In man. In: Bonica JJ,
Liebeskind JC, Albe-Fessard DG (eds).
Advances in Pain Research and Therapy,
Voiume 3. New York, Raven Press, pp 121­
131.
102. Bennett GJ, Xie YK. A peripheral
mononeuropathy in the rat that produces
disordersofpainsensation likethose seen
in man. Pain 1988; 33:87-1077.
103. Kajander KC, Bennett GJ. Onset of a
painful peripheral neuropathy in rat: a par­
tialand differential deafferentation and spon­
taneous discharge in Ab and Ad primary
afferent neurons. J Neurophysio/1992; 68:
734-44.
104. BasbaumAI, Gautron M, Jazat F, etal.
The spectrum of fiber loss in a model of
neuropathic pain in the rat: an electron



Australasian Musculoskeletal Medicine

Mechanisms of Complex Regional Pain Syndromes

November 2001

microscopic study. Pain 1991 ;47: 359-67.
105. Devor M. Neuropathicpain and injured
nerve: peripheral mechanisms. Brit Med
Bul/1991 ;47: 619-30.
106. Wall PD, Devor M. Sensory afferent
impulses from dorsal root ganglia. Pain

1983; 17: 321-39.
107. Burchiel KJ. Spontaneous impulse
generation in normal and denervated dor­
sal root 9anglia: sensitivity of alpha-adren­
ergic stimulation and anoxia. Exp Neurol
1984; 85: 257-72.
108. Kajander KC, Wakisaka S, Bennett
GJ. Spontaneous discharge originates in
the dorsal root ganglion at the onset of a
painful peripheral neuropathy In the rat.
Neurosci Lett 1992; 138: 225-28.
109. McLachlan EM, Janig W, Devor M,
Michaelis M. Peripheral nerve injury trig­
gers noradrenergicsprouting within dorsal
root gangiia. Nature 1993; 363: 543-46.
110. Roberts WJ. A hypothesis on the
physiological basis for causalgia and re­
lated pain. Pain 1986; 24: 297-311.
111. Bonica JJ. Causalgia and otherreflex
sympatheticdystrophies. In: BonicaJJ (00).
The Management ofPain. 2nd end. Phiia­
delphia; Lea and Febiger, 1990, pp 220-43.
112. Roberts WJ, Foglesong ME. I. Spinal
recordings suggest that wide-dynamic­
range neurons mediate sympathetically
maintained pain. Pain 1988; 34: 289-304.
113. RobertsWJ, Foglesong ME.ll.ldenti­
fication of afferents contributing to sympa­
thetically evoked activity in wide-dynamic­
range neurons. Pain 1988; 34: 305-14.
114. Kirk EJ, Denny-Brown D. Functional
variation in dermatomes in the macaque
monkey following dorsal root lesions. J
Comp Neuro/1970; 139: 307-309.
115. Denny-Brown D, Kirk EJ, Yanagisawa
N. The tract of Lissauer in relation to sen­
sory transmission in the dorsal horn of
spinal cord in the macaque. J Comp Neuml
1973; 151: 175-200.
116. Denny-Brown D, Yanagisawa N. The
function of the descending root of the fifth
nerve. Brain 1973; 96: 783-841.
117. DevorM, Wall PD. Effectofperipheral
nerve injury on receptive fields of cells in
the cat spinal cord. J Comp Neuro/1981;
199:277-91.

118. Pubols LM, GoldbergerME. Recovery
of function In dorsal hom following partial
deafferentation. J Neurophysio/ 1980;
43:102-117.

119. Hillman P, Wall PD. Inhibitory and
excitatory factors influencing the receptive

fields of lamina 5 spinal cord neurons.
120. Macon JB. Deafferentation hyperac­
tivity in the monkey spinal trigeminal nu­
cleus: neuronal responses to amino acid
iontophoresis. Brain Res 1979; 161: 549­

54.
121. Loeser JD, WardAA. Some effects of
deafferentationon neuronsof the cat spinal
cord. Arch Neuro/1967; 17: 620-36.
122. Loeser JD, Ward AA, White LE.
Chronic deafferentation _of human spinal
cord neurons. J Neurosurg 1968; 29: 48­
50.
123. Baron R, MaierC. Reflex sympathetic
dystrophy: skin blood flow, sympathetic
vasoconstrictor reflexes and pain before
and after surgical sympathectomy. Pain
1996; 67: 317-26.
124. Kurvers HAJM, Jacobs MJHM, Beuk
RJ, et al. Reflex sympathetic dystrophy:
evolution of microcirculatory disturbances
in time. Pain 1995; 60: 333-40.
125. Veldman PH, Reynen HM, Arntz IE,
Goris RJ. Signs and symptoms of reflex
sympathetic dystrophy: prospective study
of 829 patients. Lancet 1993; 342: 1012­
16.
126. Birklein F, Riedl B, Neundorfer B,
Handwerker HO. Sympathetic vasocon­
strictor reflex pattern in patients with com­
plex regional pain syndrome. Pain 1998;
75: 93-100.
127. TahmoushAJ, Malley J, JenningsJR.
Skin conductance, temperature, and blood
flow in causalgia. Neuro/1983; 33: 1483­
86.
128. Birklein F, Sittl R, Spitzer A, et al.
Sudomotor function in sympathetic reflex
dystrophy. Pain 1997; 69: 49-54.
129. Oyen WJ, Arntz I, Claessens RM, at
al. Reflex sympathetic dystrophy of the
hand: an excessive inflammatory response.
Pain 1993; 55: 151-57.
130. OchoaJL, Yarnitsky D, Marchettini P,
et at. Interactions between sympathetic
vasoconstrictor outflow and C nociceptor­
induced antidromic vasodilatation. Pain
1993; 54: 191-96.

Appendix I. Literature on Visceral and
Neurological Causes of RSD
1. Andrews LG, Armitage KJ. Sudeck's
atrophy in traumaticquadriplegia. Paraple­
gia 1971; 9:159-165.
2. Bonica JJ. Causalgia and other reflex
sympathetic dystrophies. In: Bonica JJ et
al. (eds). Advances in Pain Research and
Therapy. Vol 3. New York; Raven Press,

102

1979,pp141-66.
3. Davis SW, Petrillo CR, Eichberg RD,
Chu DS. Shoulder hand syndrome in a
hemiplegic population: a 5-year retrospec­
tive study. Arch Phys Med Rehabil1977;
58: 353-56.
4. Gellman H, Echert RR, Botte MJ, et al.
Reflex sympathetic dystrophy in cervical
spinal cord injury patients. Clin Orlhop 1988;
233: 126-31.
5. Gellman H, Keenan, MA, Stone L, et al.
Reflex sympathetic dystrophy in brain in­
jured patients. Pain 1995; 51: 307-11.
6. Greyson ND, Tepperman PS. Three­
phase bone studies in hemiplegia with re­
flex sympathetic dystrophy and the effect
of disuse. J Nucl Med 1984; 25: 423-29.
7. Hathaway BN, Hill GE, Ohmura A. Cen­
trally induced sympathetic dystrophy olthe
upper extremity. Anesth Ana/g 1978; 57:
373-74.
8. Loh L, Nathan PW, SchottGD. Pain due
to lesions of the central nervous system
removed by sympathetic block. Br Med J
1981; 282: 1026-28.
9. Ohry A, Brooks ME, Steinbach TV,Rozin
R. Shoulder complications as a cause of
delay in rehabilitation of spinal cord injured
patients. (Case reports and review of the
literature.) Paraplegia 1978; 16: 310-16.
10. Subbarao J, Stillwell GK. Reflex sym­
pathetic dystrophy syndrome olthe upper
extremity: analysis of total outcome of
management of 125 cases. Arch Phys
MedRehab 1981;62: 549-54.
11. Swan DM, McGowan JM. Shoulder­
hand syndrome following myocardial inf­
arction. JAMA 1951; 146: 774-77.
12. Schapira D, Barron SA, Nahir M, Scharf
Y. Reflex sympathetic dystrophy syndrome
coincident with acute diabetic neuropathy.
J Rheumato/1988; 15: 120-22.
13. Tepperman PS, Greyson ND, Hilbert L
et al. Reflex sympathetic dystrophy in hemi­
plegia. Arch Phys Med Rehabil1984; 65:
442-47.
14. Wainapel SF, Freed MM. Reflex sym­
pathetic dystrophy in quadriplegia: case
report. Arch Phys Med Rehabil1984; 65;
35-36.

Copyright ofFull Text rests with the original
copyright owner and, except as permitted under the
Copyright Act 1968, copying this copyright material
is prohibited without the permission oftbe owner or
its exclusive licensee or agent or by way ofa licence
from Copyright Agency Limited. For information
about such licences contact Copyright Agency
Limited on (02) 93947600 (ph) or (02) 93947601
(fax) ---


	D:\870555\87055558.tif
	image 1 of 15
	image 2 of 15
	image 3 of 15
	image 4 of 15
	image 5 of 15
	image 6 of 15
	image 7 of 15
	image 8 of 15
	image 9 of 15
	image 10 of 15
	image 11 of 15
	image 12 of 15
	image 13 of 15
	image 14 of 15
	image 15 of 15


