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Role of the sympathetic nervous system in chronic
joint pain and inflammation

B L Kidd, S Cruwys, P I Mapp, D R Blake

A substantial body of evidence gathered from a
variety of diseases points to a critical interaction
between the sympathetic nervous system and
the inflammatory cascade. An important
sympathetic component to rheumatic disease is
indicated by the observation that symptoms
in both reflex sympathetic dystrophy and
rheumatoid arthritis may be alleviated after
regional sympathectomy. 1

Clearly, attempts to explain pathophysio-
logical mechanisms must take observations such
as these into account. This review summarises
the evidence for a sympathetic influence on
rheumatic disease and speculates on the
mechanism by which this may arise.
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Clinical observations
In 1864 Mitchell, Morehouse, and Keen
reported the case of a soldier in the American
Civil War who sustained a gunshot wound to
the left upper arm. The second day after the
injury the soldier developed excruciating pain in
the arm such that light touch or even heavy
steps in the room caused unbearable dis-
comfort.4 This unfortunate state continued for
months after the original wound had healed
and was termed 'causalgia' by Mitchell and
colleagues.4

Since then a number of other terms have been
used to describe disorders characterised by
persistent pain, vasomotor disturbance,
and trophic change. These include Sudeck's
atrophy, shoulder-hand syndrome, algodys-
trophy, and reflex sympathetic dystrophy.5
Pathological mechanisms have yet to be clearly
established, but three important clinical obser-
vations suggest that the sympathetic nervous

system plays a part.6 As observed by Mitchell,
pain in these disorders is exacerbated by stimuli
that evoke sympathetic discharge, such as noise
and emotional arousal. Secondly, the disorders
are associated with vasomotor and sweating
disturbances, suggestive of abnormal sym-
pathetic activity. Finally, patients with these
disorders often have a dramatic and prolonged
response to guanethidine, reserpine, and other
agents which alter sympathetic activity. '

Sympathectomy has also been used to treat
rheumatoid arthritis.2 3 7 In 1927 Rowntree and
Adson described a series of young patients with
rheumatoid arthritis whose symptoms improved
after sympathetic ganglionectomy.7 Flothow in
1930, Leriche and Jung in 1933, and Young in
1936 all reported relief of articular pain in small
series of patients with rheumatoid arthritis.7
A later study by Hertford ofpatients with intract-
able hip or knee pain reported that six of seven

patients received substantial symptomatic relief
after lumbar sympathectomy. Several of the
patients had reduction of joint swelling and
improvement of cutaneous ulcers in the sym-
pathectomised limb. The relief of symptoms
was observed for follow up periods lasting from
four to 24 months.7
More recently, Levine and colleagues inves-

tigated the effects of regional sympathetic
blockade using guanethidine in 24 patients with
active rheumatoid arthritis.3 In a randomised,
double blind study guanethidine was found to
decrease pain and increase pinch strength over
the two week duration of the study. No
significant improvement was noted in grip
strength, joint tenderness, or duration of
morming stiffness.

Reflex sympathetic dystrophy
Persistent pain, often described as having
a burning quality, is the hallmark of this
disorder.5 8 Vasomotor disturbances are
common and include vasodilatation with warm
erythematous skin, vasoconstriction with cool
pallid skin, occasional Raynaud's phenomenon,
and excessive sweating.8 Months or years after
onset of symptoms subcutaneous atrophy
and irreversible flexion contractures may
develop with a resultant pale, cold, and painful
extremity.5

Patchy osteoporosis may be present early in
the course of the disease, progressing to more
diffuse change later.8 Kozin and colleagues
reported a high incidence of bilateral involve-
ment with the articular areas being the most
affected.9 Synovial biopsy specimens show
varying degrees of oedema, increased vascu-
larity, and proliferation of synovial lining cells,
an appearance similar to that found in frozen
shoulder.9
The pathogenesis of reflex sympathetic

dystrophy remains unclear, but, multiple
factors are probably involved both centrally and
peripherally. In 1943 Livingstone proposed that
chronic stimulation of afferent fibres, which
respond to noxious stimuli (nociceptors),
produced excessive excitation in spinal inter-
nuncial neurones causing abnormal sympathetic
efferent activity.'0 Subsequently, Roberts
speculated that maintenance of the disorder
depends not so much on persistent nociceptor
irritation but rather on abnormal central pro-
cessing of apparently normal mechanoceptor
input into the spinal cord. "
A number of investigators have focused on

peripheral mechanisms.'2-'5 It is known that
iontophoretic application of noradrenaline is an
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effective pain stimulus in patients with reflex
sympathetic dystrophy'3 and that sympathetic
blockade may result in symptomatic relief
whether or not the block is performed centrally
or peripherally.'4 In contrast, catecholamines
do not cause pain in normal subjects and
sympathetic blockade does not impair pain
sensation.'2 These observations support the
proposal by Janig that a vicious circle of
excitation of primary afferent fibres by post-
ganglionic sympathetic fibres maintains the
pathophysiological process in this disorder. '5
The best experimental evidence for peripheral

interactions between afferent and sympathetic
fibres comes from observations made of
neuronal activity in stump neuromas.'6 In this
experimental model transection and ligation of a
major nerve are followed by development of a
stump neuroma. Subsequently, damaged
afferent fibres sprout within the neuroma and,
unlike undamaged afferent fibres, respond to
sympathetic stimulation and the application of
catecholamines.'7 More recent models which
retain some nerve contact with the target tissue
using subtotal resection or ligature constriction
have shown a similar result.'8

Present evidence supports a role for the
sympathetic nervous system in the development
and maintenance of reflex sympathetic dys-
trophy. Preceding nerve or tissue trauma can
be demonstrated in over half the patients
presenting with this disorder.8 It seems likely
that in this situation continuing stimulation of
damaged afferent fibres by sympathetic activity
is at least partially responsible for the chronic
pain state observed clinically.'2

Experimental arthritis
On a more general level a number of experi-
mental studies have examined the contribution
of neural components to the expression and
outcome of arthritis. The earliest, by Courtright
and Kuzell in 1965, suggested that prior
section of a sciatic nerve delayed the onset and
diminished the extent of rat adjuvant arthritis in
the operated limb when compared with the
opposite side.'9 These results contrast markedly
with a later study by Rees et al, which reported
that sciatic nerve section substantially exacer-
bated disease as judged on clinical and radio-
logical grounds.20
There is accord, however, between studies by

Rees et al and Levine et al, which both show an
attenuation of adjuvant disease after sympathec-
tomy or selective destruction of small diameter
sensory nerves.20 21 These studies also show a
significant exacerbation of disease following
posterior nerve root section. Both Rees et al and
Levine et al stress the importance of an intact
sympathetic nerve supply on the severity of
arthritis and, interestingly, Levine has shown
that the enhanced disease seen in the rhizo-
tomised limbs may be markedly reduced by
prior sympathectomy. The importance of
sympathetic activity is further shown by the
observation that in spontaneously hypertensive
rats, which have increased sympathetic tone,
adjuvant arthritis is more severe than in normo-
tensive control animals.2'

A series of studies by Levine and colleagues
examined the relation between sympathetic
postganglionic nerve terminals and severity of
experimental arthritis.22-24 Their early studies
indicated that blockade of the B2 receptor on
the sympathetic postganglionic nerve terminal
significantly attenuated adjuvant arthritis and
that the effect was independent of the timing
of inhibition relative to the onset of clinical
disease.22 A similar attenuation was seen after
adrenal medullectomy, reversible by adminis-
tration of adrenaline but only in the presence of
an intact sympathetic nervous system, suggest-
ing mediation via the sympathetic postgang-
lionic nerve terminal.23 From these studies
Levine suggested that catecholamines acting on
sympathetic postganglionic nerve terminals
induce the release of unknown compounds
responsible for the deleterious effects of sym-
pathetic activity on adjuvant disease.24
The clear influence of the sympathetic

nervous system on experimental arthritis,
coupled with the failure of adrenergic mediators
to influence the outcome directly, suggests that
non-adrenergic mechanisms may be involved.
Postganglionic sympathetic nerves can be
divided into two broad groups: those inner-
vating sweat glands and skeletal muscle blood
vessels containing acetylcholine, and the vast
majority of fibres containing noradrenaline. A
subgroup of the latter fibres also contains other
neurotransmitters, including neuropeptide Y,
adenosine triphosphate, and nitric oxide.25
The role of these agents in both normal and
abnormal situations is currently the subject of
intensive speculation and investigation.

Neuropeptide Y is a 36 amino acid peptide
with a number of diverse physiological effects,
including vasoconstriction and potentiation of
the actions of other neurotransmitters such as
noradrenaline.26 It also acts presynaptically to
inhibit its own release and that of noradrenaline
and 5-hydroxytryptamine. In high doses neuro-
peptide Y induces histamine release from mast
cells, and in vitro studies suggest that it has a
role in regulating osteoblast function.27 Agonist
studies indicate that there are at least three
subtypes of neuropeptide Y receptor and,
recently, a number of receptor antagonists have
been described.28

Edvinsson and colleagues have recently intro-
duced an inositol derivative, D-myo-inositol-
1 ,2,6-trisphosphate (PP56), as a functional
antagonist of vasoconstriction induced by
neuropeptide y.29 Significantly, PP56 has been
shown to exert anti-inflammatory effects in
several experimental models of arthritis,
including reduction of oedema in both acute
carrageenin induced inflammation and chronic
adjuvant arthritis.30

Rheumatoid arthritis
Sympathetic overactivity in reflex sympathetic
dystrophy is associated with pain and juxta-
articular disease, including synovitis, and there
appear to be important sympathetic influences
on the outcome of experimental adjuvant arth-
ritis. How then might these observations
reflect pathogenic mechanisms in rheumatoid
arthritis?
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Clearly, normal human synovium is richly
innervated with both sympathetic and afferent
nerve fibres.3' Immunocytochemical studies
using antisera against protein gene product 9.5
(PGP 9.5) as a marker for the overall innerva-
tion have shown fibres distributed around blood
vessels and lying freely within synovium.
Nearly all these nerves are immunoreactive for
neuropeptides with neuropeptide Y immuno-
reactive fibres being exclusively located around
blood vessels, whereas substance P and calci-
tonin gene related peptide immunoreactive
fibres are located in both free and perivascular
areas.3' The exact function of these peptides
remains uncertain, but in addition to vascular
regulation they probably play a part in immuno-
regulation and bone metabolism.32

In rheumatoid arthritis the more superficial
synovial tissues, including blood vessels and the
intimal cell layer, are devoid of fibres immuno-
reactive for PGP 9.5 or any of the individual
neuropeptides.33 In deeper tissues the inner-
vation is similar to normal tissues, but the
immunostaining is weaker and fibres take on a
beaded appearance with small lengths appearing
unstained. A similar loss of immunoreactive
fibres has also been seen in experimental
models, including adjuvant arthritis.34
The absence of immunoreactive fibres in the

superficial layers of rheumatoid synovium
might suggest that there is an increased release
of substance P, calcitonin gene related peptide,
and neuropeptide Y, which thereby reduces the
neuronal stores to levels below that detectable
by immunocytochemistry. As the immuno-
staining for the neuronal marker PGP 9.5 is
also lost, however, it seems more probable
that nerve fibres in the superficial layers are

destroyed.33
The loss of synovial nerves in rheumatoid

arthritis is potentially caused by products of the
inflammatory cascade. In studies using hypo-
xanthine/xanthine oxidase as a means of genera-

ting reactive oxygen species it is apparent that
neuropeptides are vulnerable to damage.35 Our
own unpublishedstudies have shown rapid loss
of synovial nerve fibres in a glucose oxidase
model of inflammation which is known to
depend on production of hydrogen peroxide.
Exercised rheumatoid joints are subjected to
'intermittent' episodes of hypoxia, thus creating
the conditions necessary for hypoxic-reperfusion
events and the subsequent production of
similarly destructive reactive oxygen species.36
We speculate that a direct consequence of

nerve damage in diseased joints is that synovial
afferent fibres become sensitised to continuing
sympathetic activity. This is supported by the
observations made of the stump neuroma where
damaged afferents respond to sympathetic
stimulation and application of catecholamines.
Within the heavily innervated human joint
persistent afferent stimulation would inevitably
lead to chronic pain.The situation would be

compounded by the hypoxic nature of inflamed
joints37 as hypoxia induces both enhanced
responsiveness to sympathetic stimulation
and reversible increases in the number of
receptors on sympathetic postganglionic nerve

terminals.38

Persistent sympathetic stimulation of afferent
nerves in rheumatoid synovium implies that
activation of afferents responding to noxious
stimuli would no longer depend critically on
prostaglandins and other hyperalgesic products
of inflammation. This is borne out clinically as
there is poor correlation between pain and
clinical and laboratory indices of inflamma-
tion,39 and basic clinical observation indicates
that conventional anti-inflammatory drugs do
not provide satisfactory analgesia in all patients.
Sympathetic stimulation of nociceptors would
also explain the beneficial effects of sympathec-
tomy described earlier.

It is apparent that sympathetic mechanisms
may have an important role in joint inflamma-
tion. Existing treatment with adrenoceptor
antagonists only partially inhibits sympathetic
transmission within the joint, leaving non-
adrenergic function intact. The increasing avail-
ability of adrenergic and non-adrenergic
inhibitors therefore offers intriguing potential
for further exploration and eventual therapeutic
use.
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In 1928 Egypt honoured Imhotep (he who
comes in peace). Imhotep was not only a grand
vizier, architect, and personal physician of the
Pharoahs and chief medical officer of the
Kingdom, he was also deified by the Egyptians.
He wrote that exercises are necessary 'to make
the joints limber'. He also stated that working
conditions of the slaves and peasants at the
pyramids developed 'hardening of the limbs'.
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