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John L. Quintner MB BS MRCP
Robert L. Elvey Grad Dip Manip Ther

Understanding IIRSI": A Review
of the Role of Peripheral Neural

Pain and Hyperalgesia
Both the pathogenesis and pathophysiology of the occupational cervico-brachial pain 'syndrome known
in Australia as Repetition Strain Injury (RSI) have been elusive. Because the standard physical exami-
nation does not support a diagnosis of tissue injury in most patients, a somatic basis for their pain
experience has been denied by many medical practitioners.
This paper outlines the clinical features of pain and hyperalgesia of peripheral nerve origin, and reviews
current concepts of their pathophysiology. When RSI symptomatology is evaluated against this back-
ground, the syndrome appears to be neurogenic. The hyperalgesic responses to palpation of upper limb
nerve trunks and to upper limb tension testing reported by these patients are consistent with this ex-
planation. We therefore propose a hypothesis for RSI which is based upon the models of entrapment
neuropathy and peripheral neuropathic pain.

Key Words Arm; Nerve tissue; Repetition strain injuries; Chronic pain; Hyperalgesia; Neural mecha-
nisms.

Introduction

WORK-RELATED neck and upper limb disor-
ders known collectively as Repetition Strain In-

juries (RSI' s) became more prevalent in sections of
the Australian work-force during the 1980s (1). Many
of those engaged in factory process work or in repet-
itive office work developed persistent cervico-brachial
pain, together with other sensory symptoms (e.g. par-
aesthesiae, dysaesthesiae, numbness, heaviness,
weakness). This diffuse pain syndrome was respon-
sible for most of the disability attributed to the RSIs;
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the syndrome became known as Repetition (or Re-
petitive) Strain Injury (RSI) (1-3). RSI was neither a
new work-related upper limb syndrome (4) nor was it
confined to Australia (5-8).

Although most common conditions causing upper
limb pain are reasonably well understood and easy to
diagnose, the same cannot be said of those which cause
diffuse upper limb pain (9). For example, peripheral
nerve entrapment syndromes can present with atypical
hand, forearm and shoulder pain (2, 9).

In the case of RSI, the standard orthopaedic ex-
amination of the painful upper limb, neck and shoul-
der girdle was difficult to interpret and provided little
insight into underlying pathophysiology and pathoan-
atomy (2). The failure of examiners to elicit physical
signs indicative of tissue damage in these patients ac-
counted for some physicians being sceptical of a so-
matic origin for their pain (7, 8, 10, 11).

On the other hand, there is evidence derived from
psycho-physical studies that patients with RSI have a
disorder of nociception which is confined to their
painful arm(s) and which is independent of their men-
tal state (12, 13). These findings are consistent with
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a somatic rather than psychological origin of pain in
RSI and they challenge clinicians to more carefully
and meaningfully examine the painful arm(s) and neck
of these patients.

As the nervous system (both peripheral and cen-
tral) has been implicated in the pathogenesis of RSI
(1-3), the aim of this paper is twofold. In the first
part, we review selected research on peripheral and
central mechanisms of neural pain. In the second part,
we review the evidence from the relevant literature on
the RSI pain syndrome.

Peripheral Neural Pain
Definitions
Neurologists in the 19th century made the distinction
between neuralgia (14) (pain in the distribution of a
nerve) and neuritis (inflammation' of the nerve inter-
stitium) (15, 16) To them the diagnosis of neuritis de-
pended upon detecting clinical evidence of nerve fibre
damage and increased mechanosensitivity of the rel-
evant nerve trunk( s) (15, 16). However, the difficulty
in correlating symptomatology of local diseases of pe-
ripheral neryes with their pathological anatomy has
long been recognised (15). As neuritis can, strictly,
only be used when neural inflammation is reasonably
suspected, neuropathy is the broad term now used to
imply either a disturbance of nerve function or patho-
logical change within a nerve (14).

Characteristics of Neuralgia
Neuralgia (peripheral neural pain) is characterised by
its often paroxysmal (epileptiform) occurrence. Any
movement of tissues in close relationship to the af-
fected nerve may provoke a paroxysm or exacerbation
of pain (15, 16) When intense, neuralgia can be felt
in regions supplied by other nerves (17). It is com-
monly described as darting, shooting, tearing or cut-
ting, with intensity varying from slight to atrocious
(15, 16). Other descriptors commonly used include
aching and burning (16, 17).

Gowers (16), an eminent English neurologist of
the 19th century, observed that the pain of brachial
neuritis (neuropathy) often commences at a distance
from "the seat of inflammation" and then gradually
increases, extending "along the course of the nerves
of the arm, which the patient will often accurately in-
dicate with his finger when tracing the lines of pain. "
Ultimately, the whole arm is affected by "dull wea-
rying pain . . . varied by attacks of great severity"
(16).

Asbury and Fields recognised that peripheral neural
pain may have two distinct components, "dysaesth-
etic" pain and "nerve trunk" pain (17). These com-

ponents may be present singly or they can be com-
bined (1 7). According to this hypothesis,
, 'dysaesthetic" pain is felt distally, in the cutaneous
sensory innervation territory of a peripheral nerve,
whereas "nerve trunk" pain is commonly described
as deep and aching, following the course of the in-
volved nerve trunk, which is found to be tender.

Neuralgia is of course a clinical diagnosis. Changes
in cutaneous sensibility in the distribution of the af-
fected nerve may be detected in some patients, but
these changes are not invariable (see below) (18). Al-
though conventional electrodiagnostic testing (nerve
conduction and EMG) can be of great assistance in
the diagnosis of peripheral neuropathy, this investi-
gation does not assess the function of small calibre
afferent channels involved in pain (19).

Peripheral Neuropathic Pain
Neuralgia may be' accompanied by a hyperaesthetic
(14) syndrome (increased sensitivity to stimulation),
which includes both allodynia (14) (pain due to a
stimulus which does not normally provoke pain) and
hyperalgesia (14) (an increased response to a stimulus
which is normally painful) (17, 20, 21). When these
phenomena are present in patients with peripheral nerve
or radicular dysfunction, the term peripheral neuro-
pathic pain has recently been suggested (22).

Pathophysiology of Peripheral Neural Pain
A clearer understanding of the underlying mecha-
nisms of peripheral neuropathic pain has emerged dur-
ing the last decade (22). It is now generally accepted
that pain and altered sensori-neural processing follow-
ing peripheral nerve damage result from pathophy-
siological changes within the nervous system, occur-
ring both peripherally and centrally (22).

1. Peripheral mechanisms
It has long been suspected that local nerve pain

and tenderness are due to activation of nociceptors
within the connective tissue of a nerve (nervi nervo-
rum) at the site of focal pathology e. g. entrapment
(15, 23). Pain in the distribution of a nerve trunk
("nerve trunk" pain as categorised by Asbury and
Fields) (17) appears to be a distinct type of somatic
referred pain. This type of pain and the accompanying
tenderness along the relevant nerve have also been at-
tributed to increased activity in mechanically or chem-
ically sensitized nociceptors within the nerve sheath
(17, 23, 24).

Other peripheral mechanisms may include: (a) ec-
topic impulses arising from pathophysiology in pri-
mary afferent pathways, Le., the injured axon (17,
20, 22) and its dorsal root ganglion cell (25, 26); (b)
cross-talk (ephaptic transmission) between axons at
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regions of damage or demyelinisation, particularly
cross-talk involving sympathetic efferents and C fibres
(20, 22, 24, 26); and (c) antidromic activation (and
sensitization) of peripheral nociceptive terminals (27).

2. Central mechanisms
Abnormal afferent inputs are capable of sensitiz-

ing wide dynamic range (WDR) neurones within the
dorsal hom of the spinal cord (22, 26, 28, 29) This
change could result in the abnormal processing of both
normal and ectopic afferent input. Other pathophysio-
logical changes postulated within the dorsal hom in-
clude unmasking of latent synapses, altered responses
due to temporal dispersion of afferent im-pulses, al-
tered central connections (sprouting), and sponta-
neous hyperactivity (26).

Peripheral neural pain which becomes widespread
may reflect enlargement of receptive fields of relevant
dorsal hom neurones (22, 28) In some patients this
response persists, and is the cause of major disrup-
tions to their life-style (30) Chronicity of peripheral
neuropathic pain appears to depend upon on-going pe-
ripheral nociceptive inputs which maintain the altered
state of central processing (31).

Referred Pain of Peripheral Neural Origin

Patients with peripheral neural pain may also com-
plain of deep pain in structures or regions outside the
distribution of the affected nerve (16, 17). For ex-
ample, in the case of brachial neuralgia, spread of pain
to the chest and neck is common (16) Each of the
current theories of referred pain arising from deep so-
matic and visceral structures could also be explana-
tory of referred pain of neural origin (see Fields) (30).

Pain experienced locally on palpation of a tender
nerve trunk may be accompanied by pain felt in dis-
tant deep tissues (21). Ochoa (21), from personal ex-
perience of this phenomenon, speculated that the
mechanism involved might be analogous to the re-
ferred pain produced experimentally through activa-
tion of muscle afferents in continuity with the irritable
nerve trunk (32, 33) Painful electrical stimulation of
muscle fascicles contained within the median (32) and
ulnar (33) nerves at wrist or elbow of normal subjects
resulted in deep pain projected to muscles innervated
by the respective nerve, as well as in segmentally re-
ferred pain felt proximally in muscles of the ipsilateral
upper arm, shoulder, scapular region, axilla or chest.

As with any pain of deep origin which is referred,
peripheral neural pain can be accompanied by hyper-
algesia in those muscles which have a segmental re-
lationship to the injured neural tissue (17, 30). This
phenomenon has been attributed to reflex activation
of nociceptors in undamaged muscle (30).

Mechanical Hyperalgesia of
Peripheral Neural Tissues

Limb Tension Tests

As mentioned above, movement of a limb can evoke
a painful response from a hyperalgesic nerve trunk (16,
17). This phenomenon of increased neural mechano-
sensitivity, or mechanical hyperalgesia, underlies the
traction (tension) tests for the lower limb (34). These
tests assist an examiner to distinguish sciatica from
painful hip disease. Augmentation of the painful re-
sponse to straight-leg-raising by the addition of pas-
sive ankle dorsiflexion and internal hip rotation are
important confirmatory manoeuvres for leg pain of
presumed radicular origin (34).

When examining pianoforte teachers complaining
of forearm pain, Poore (35) used simple tension tests
for each of the median, radial and ulnar nerves. As
these tests also stress forearm muscles and their at-
tachments, they are not specific for the respective
forearm neural elements. Although he did not de-
scribe discrete upper limb tension tests, Russell (36)
remarked upon the striking intolerance to stretch of
the affected nerves in patients with various forms of
brachial neuropathy.

The standard clinical tests used to assess the me-
chanosensitivity of cervical and brachial plexus neural
tissues (e.g. Adson's test, shoulder hyperabduction test,
shoulder bracing test) have been of of limited clinical
usefulness owing to their largely subjective nature and
their failure to discriminate between the normal and
the pathologic situation (37). However, the propo-
nents of more recently described upper limb tension
tests do address these issues.

The response of upper limb neural tissues to the
axial tension generated by shoulder girdle depression
forms the basis of the Free Arm Hanging Test (38).
Subjective responses to relaxed free hanging of each
arm over a period of two minutes (while seated) were
compared in 105 asymptomatic subjects and 90 sub-
jects with a diagnosis of RSI. The symptoms evoked
were tentatively interpreted as being of predominantly
neural (as opposed to vascular) origin in both groups.
The responses from the painful arm (s) of patients with
RSI were clearly hyperalgesic.

MacLellan and Swash showed that the median nerve
slides longitudinally in its bed when adapting to changes
in length during normal movements of the upper limb,
shoulder girdle and neck (39). Upon this important
biomechanical property of peripheral nerve trunks are
based additional upper limb tension tests, e.g. the
tethered median nerve stress test (40, 41) and the bra-
chial plexus tension tests (BPTT) (42).

BPTT have been described as analogous to the
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straight-leg-raising tests for the lower limb (43). They
enable the examiner to assess the subjective re-
sponse( s) to increasing upper limb tension imparted
by the examiner in a stepwise manner, and the range
of upper limb extensibility possible in the test situa-
tion (2, 42-44). These tests derive from cadaver stud-
ies in which both movement and tension in cervical
nerve roots of the brachial plexus as a result of spe-
cific manoeuvres involving the ipsilateral upper limb,
shoulder girdle and neck were measured (42, 45). The
manoeuvres found to maximally tension the elements
of the brachial plexus, comprise contralateral neck
flexion, ipsilateral shoulder girdle depression, gleno-
humeral abduction to 110 degrees with 10 degrees of
horizontal extension, glenohumeral external rotation,
elbow extension with forearm supination and wrist ex-
tension (42, 45).

Extensive field studies have been conducted to de-
fine the responses to BPTT in over 400 asymptomatic
normal individuals (43). At end range (full elbow ex-
tension) of the test described by Elvey (42), the re-
sponses most consistently evoked were a deep painful
stretch sensation in the cubital fossa, extending down
the anterior and radial aspects of the forearm into the
radial side of the hand, and a tingling sensation in the,
thumb and first three fingers. These normal re-
sponses, if increased by cervical contralateral flexion,
and eased by cervical ipsilateral flexion, can reason-
ably be judged as neurogenic, and arising from the
fifth to seventh cervical spinal nerves (43). Variations
of BPTT to preferentially stress the radial and ulnar
nerves and their connections have been suggested by
Butler (44).

Moving to the clinical situation, it is likely that a
positive symptomatic response, together with a lim-
ited range of upper limb extensibility, reflects primary
and/or secondary hyperalgesia to mechanical stimuli
of some or all of those neural tissues spanning the
neck and wrist. A full clinical assessment and diag-
nostic work-up is required to determine the level(s) of
symptom origin in a particular patient.

To date, BPTT have been found of assistance in
the diagnosis of diffuse upper limb pain following either
whiplash injury (46) or presumed cervicobrachial stretch
injury (47). Further studies in well-defined patient
populations are necessary to determine their sensitiv-
ity and specificity in the various painful peripheral
neuropathies, brachial plexopathies and cervical rad-
iculopathies (2).

Tenderness of Nerve Trunks
Normal nerve trunks are not tender. It has been sug-
gested that local tenderness is due to sensitization of
nociceptors within the sheath of the nerve (nervi ner-
vorum) (15, 17, 23, 48). Although palpation of nerve

trunks for point tenderness is an important part of the
examination of the peripheral nervous system (49), it
is frequently omitted from the neurological exami-
nation (50).

Palpation of a tender nerve at the site of local pa-
thology can evoke pain which spreads in both orthod-
romic and antidromic directions (15, 17). When pain
from localised peripheral neural pathology becomes
widespread, tenderness can be found along the course
of the affected nerve (17, 22, 26, 39, 51, 52). The
entire nerve trunk then behaves as a sensitized noci-
ceptor, generating ectopic impulses in response to mi-
nor mechanical stimuli (52).

Local pathological changes involving peripheral
nerve may also give rise to unfamiliar sensory phe-
nomena (20, 48, 49). These symptoms (e. g. paraes-
thesiae (14) and dysaesthesiae (14» can occur spon-
taneously but usually follow mechanical stimulation
of the affected nerve (20, 48, 53). Gently tapping over
an irritable nerve may easily elicit these symptoms
(TineI's sign) (20, 49).

The RSI Pain Syndrome
The similarities between the clinical picture of RSI
(1-3, 54) and that of brachial neuritis (16) or brachial
neuropathy (51) have previously been remarked upon
(4, 55). Arguing by analogy, it is reasonable to con-
ceptualise RSI as a neurogenic pain syndrome (17).
It then becomes theoretically possible to build an ex-
plicit and systematic model for RSI.

Mechanical Hyperalg~sia of Peripheral Nerves

In a case study of 100 consecutive patients with RSI,
Champion et al. (3) assessed responses to the Free
Arm Hanging test (38), followed by gentle depression
of the ipsilateral shoulder girdle and light downward
traction on the arm. A positive test response consisted
of the reproduction of typical symptoms which were
then relieved by passive elevation of the shoulder. They
obtained clinical evidence suggesting hyperalgesia of
the brachial plexus and/or cervical spinal neural tis-
sues in 51% of patients. From the standard clinical
neurological examination, they also demonstrated evi-
dence of irritability of the median nerve in the carpal
tunnel in 20%, and of the ulnar nerve at the wrist or
cubital tunnel in 6%.

BPTT have been reported as positive in many pa-
tients with work-related upper limb pain (44, 54, 56,
57). In a study of 60 patients who had been given a
diagnosis of RSI for insurance purposes by other med-
ical practitioners, a positive BPTT was· noted in the
painful arm(s) of 59 (54). Tenderness over the gutter
of the ipsilateral lower cervical transverse processes
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accompanied the positive BPTT in each of the 59 pa-
tients.

In a further study of 165 consecutive patients (154
women and 11 men, mean age 33 years) referred to
the practice of one of the authors (JQ) with a diag-
nosis of "RSI" or "overuse injury of the upper limb,"
an abnormal response to BPTT was found in 146 (88%)
(56). BPTT were positive in one or both arms in 88
(86%) of an additional 102 patients (95 women and
7 men, mean age 37 years) consecutively referred to
the same practice (57). Butler (44) confirmed these
findings when he reported positive BPTT in all of an
estimated 130 patients diagnosed as RSI between 1986
and 1990.

Neuropathic Pain Model
From their extensive clinical observations made in over
1000 patients presenting with refractory cervicobra-
chial pain syndromes related to occupation (RSI),
Cohen et ale (1) inferred a neuropathic pathogenesis
for each of the prominent clinical features. These in-
clude localised pain becoming diffuse, the deep burn-
ing, electrical quality of pain, referred pain, hypoaes-
thesia, allodynia, hyperalgesia of musculo-skeletal
structures in the distribution of pain, increased me-
chanosensitivity of peripheral nerves, weakness of the
painful limb without muscle wasting, and both va-
somotor and sudomotor changes.

Neurogenic Hypothesis
Mechanical hyperalgesia of peripheral neural tissues
in RSI has been attributed to adverse mechanical ten-
sion and/or friction generated' within peripheral nerves
during the performance of repetitive manual work (3,
44, 54, 58). Nerves are known to be especially vul-
nerable to these forces where they cross the extensor
aspect of a joint, where they pass over a rigid fibrous
or ligamentous band, where they travel through canals
or tunnels with unyielding walls, where they pass
through two closely applied muscles, or through the
deep fascia to become a superficial nerve (59).

If the normal sliding of a nerve trunk is restricted
locally due to entrapment pathology, the capacity of
the rest of the nerve to accommodate limb movement
could be considerably reduced, with the likelihood of
the nerve being further damaged at other sites of po-
tential entrapment (39).

The neurogenic hypothesis for RSI (2, 3, 55, 58)

postulates primary neural damage occurring at one or
more sites of potential entrapment, either distally within
the upper limb or proximally within the cervical spine
or brachial plexus. The possibility of double and mul-
tiple entrapment neuropathies developing in those who
perform repetitive work has also been discussed by
others (39, 60). The subsequent development of a
neuropathic pain state, as described by Cohen et ale
(1) in their patients, is consistent with this hypothesis.

In their hypothesis, Cohen et al. (1) postulate a
central disturbance of nociception (sensitization of wide
dynamic range neurones within the dorsal hom) caused
by the presumed persistent afferent barrage from no-
ciceptors within cervico-brachial somatic and/or neural
tissues of those performing repetitive manual work as-
sociated with constrained postures. They leave open
the important question whether or not primary neural
or somatic tissue damage is a prerequisite. They argue
that the abnormal nociception present in RSI patients
indicates that this syndrome can be viewed both clin-
ically and neurophysiologic ally as secondary hyper-
algesia (61).

Conclusion
Devor (52) considers the pathophysiological mecha-
nisms whereby "damaged nerves can come to con-
tribute actively to chronic pain both by injecting ab-
normal discharge into the nervous system and by
amplifying and distorting naturally generated signals"
to be of great clinical importance. Therefore, in order
to assess their possible contribution to the clinical pre-
sentation, the neurological examination of a painful
upper limb should include both palpation of the major
nerve trunks and techniques which enable the exam-
iner to assess their response to movement and tension
(50). Information so obtained can be of considerable
value in the diagnosis of cervicobrachial pain syn-
dromes of presumed neuropathic aetiology. We argue
that RSI is a case in point (1-3, 54-58). Although
our paper focusses on the diagnosis of diffuse pain
syndromes and their underlying pathophysiology, it
contains important implications for their management
as treatment modalities predicated on a somatic (no-
ciceptive) pain model have been found ineffective (1).

Acknowledgement The authors wish to thank Dr.
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the preparation of this paper.
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