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Abstract
Objective. The blanket term ‘repetitive strain injury’ (RSI) covers a wide variety of

work-related clinical syndromes, most of which are localized lesions. However, some patients
complain of diffuse forearm pain, a clinically distinct form of RSI, the aetiology of which is
unknown.

Methods. Using Doppler ultrasound, we measured the vascular responses to muscular work
in the radial artery in 13 patients with bilateral diffuse forearm pain, seven with unilateral
diffuse pain and 19 controls with localized arm pain.

Results. We found that in diffuse forearm pain the radial artery is relatively constricted
compared to the controls and fails to vasodilate with exercise, which suggests that diffuse
forearm pain may be due to physiological claudication of the working forearm muscle.

Conclusion. A possible explanation is inhibition of local endothelial nitric oxide function,
and this may be an unusual secondary, but self-perpetuating, pain condition which can follow
other more specific, but chronic, arm pain syndromes in susceptible individuals.

K : Diffuse repetitive strain injury, Inhibited local vascular responses, Endothelial
nitric oxide.

Although work-related arm pain has been known for Study
centuries, it was from Australia in the early 1970s that

Patientsthe concept of repetitive strain injury (RSI) arose [1],
when it was defined as ‘a collective term for a range of Patients referred to the rheumatology clinic at the
conditions characterized by discomfort or persistent University Hospital of Wales with arm symptoms attrib-
pain in muscles, tendons or other soft tissues, with or utable to repetitive work were invited to take part in
without physical manifestations, caused by or aggra- the study and gave their informed consent. ‘Attributable
vated by work of a repetitive nature’ [2], but the catch- to work’ meant that patients were involved in tasks
all nature of this description, with its emphasis on requiring long periods of repetitive arm action, and that
causation rather than diagnosis, has discouraged clin- their symptoms were made worse by undertaking such
icians from investigating these disorders further. activity. Thirty-nine subjects (34 female, five male), with

Patients with work-related arm pain can be clinically an age range of 18–55 yr, were included, the majority
subdivided into those with a local and definable condi- VDU operators. Patients smoking more than five cigar-
tion, such as epicondylitis or carpal tunnel compression, ettes per day were excluded, and in practice almost all
and those with diffuse and often progressive forearm were non-smokers. All were in good health in all other
symptoms where the pain and disability cannot be respects with no identifiable cause for their symptoms

other than their working practices.readily attributed to a specific local lesion. This study
The duration of symptoms varied from 4 yr to 9was undertaken to investigate whether the latter, which

months and all patients with dfps were unable towe have called ‘diffuse forearm pain syndrome’ (dfps),
continue with their original work. No long-term medi-could be related to local vascular abnormalities, since
cation, except analgesics or low-dose non-steroidal anti-the muscle pain and rapid fatiguing on exercise were
inflammatory drugs (NSAIDs), were being taken. Asuggestive of ischaemia. Keyboard operators with arm
common feature was work stress, usually of recentpains have been shown to have colder arms than controls
origin. Symptoms could be either unilateral or bilateral,in thermographic studies [3].
according to the nature of the work, but the arm
symptoms were identical in both situations. Although
the primary aim of the study was to evaluate dfps in a
work-related context, this syndrome has also appearedSubmitted 21 October 1998; revised version accepted 25 February
in other situations, indicating this may be a secondary1999.
pain phenomenon which can be triggered by otherCorrespondence to: M. H. Pritchard, Department of Rheumatology,

University Hospital of Wales, Heath Park, Cardiff CF4 4XW, UK. painful stimuli.
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Clinical definitions produced as a waveform which is recorded photograph-
ically and used for the blood flow calculations. TheDfps—a clinically definable complaint of diffuse chronic
radial artery was chosen for its ease of access and waspain in the forearm, unilateral or bilateral, of gradual
taken as being indicative of muscular blood flow in theonset, in the presence of an otherwise clinically normal
forearm as a whole. The same operator (NP) carriedhand and forearm, rapidly worsening on usage to a
out all the tests.point at which the patient is obliged to stop. The

Using a rubber bulb-operated grip strength meter, thesymptoms may then subside to a background level, but
maximum grip is recorded, then the patient asked tocan affect sleep and affect all other activities requiring
squeeze the bulb at a rate of ~40 times/min for 3 minuse of the arm. Symptoms such as tingling, colour
or until the pain obliges them to stop, to about halfchange, numbness, swelling and diffuse tenderness in
their indicated initial maximum grip strength each time.the forearm are variably present. Since the hand is
Immediately after cessation of the exercise, the bloodentirely normal in appearance and mobility, as well as
flow is measured again, and the exercise repeated on thebeing virtually painfree, dfps differs from reflex sympa-
left arm.thetic dystrophy (RSD) where a painful, stiff and often

In a supplementary study, seven patients with dfpsdiscoloured hand is usual. In six patients, technetium
took part in another standard blood flow test in whichbone scans were performed. Pooling was found in the
the arterial diameter of the brachial artery at the elbowearly vascular phase, but no increased bone uptake in
is measured in a similar manner to that described above.the third phase, as would be expected in RSD. We feel
The technique has been described in detail elsewherethat these two conditions, although both may be second-
[4], but in summary after the initial reading a bloodary regional pain syndromes, are separate entities.
pressure cuff is put over the forearm, inflated to arterialPatients were classified into three groups.
pressure, deflated after 5 min, and the arterial diameterGroup 1 (19 patients): control group, localized arm
again measured. This test is in routine local use forpain. Any specific local chronic painful condition of the
evaluating endothelial nitric oxide (eNO) activity inarm such as epicondylitis (2), tenosynovitis including
cardiovascular disorders, and these results have beende Quervain’s syndrome (2), joint and ligament strains
compared with age- and sex-matched normal controls(2), carpal tunnel compression syndrome (4), degenera-
from published data, from the source, i.e. same operator,tive joint disease of thumb (2), focal muscle dystonia
method and equipment [5], but not otherwise part of(1), local muscle injury (1), fibromyalgia (1), and
this study.referred pain from the shoulder or trapezius (2), but

Data are shown as radial artery diameter (Table 1)not RSD or inflammatory joint disease. In two patients,
and blood flow (Fig. 1) at rest and after exercise, in sixthe diagnosis was not identified.
groups, namely:Group 2 (seven patients): unilateral dfps. Two patients

had a history of uncomplicated forearm fracture, one 1. Group 1a, left arm; Group 1b, right arm.
an acute tenosynovitis, as triggering events but all had 2. Unilateral dfps: Group 2a, asymptomatic arm; Group
the symptoms of dfps as described above. The rest were 2b, painful arm.
work related. 3. Bilateral dfps: Group 3a, left arm; Group 3b, right

Group 3 (13 patients): bilateral dfps. One patient who arm.
was unable to work because of dfps was included, but

It can be seen that the results in Groups 1a, 1b andwithout a history of repetitive work. She was taking
2a are very similar to each other, as are 2b with Groupscabergoline (Dostinox), an ergometrine derivative, for
3a and 3b. For further analysis, the first three have beena prolactinoma. In the others, the symptoms of dfps
combined as ‘control data’ and the latter three aswere all work related.
‘dfps data’.

Methods
ResultsBlood flow rate and arterial diameter were measured by

Colorflow Doppler ultrasound scanning (Toshiba Four consistent differences were found between patients
Powervision) with a 7.5 MHz linear array transducer. with dfps compared with the controls (Table 1): (1) the
This technique is in routine local use for the evaluation mean resting artery diameter was much smaller, indicat-
of vascular disease, including peripheral arteriopathies ing a relative vasoconstriction; (2) there was minimal
and Raynaud’s phenomenon. The procedures were vasodilatation on exercise; (3) exercise-related blood
standardized and carried out blind by the same experi- flow increase was much less; (4) there was no correlation
enced physicist or specialist research nurse. After resting between diameter and blood flow in the dfps group
for 10 min at room temperature, the blood flow in (r2= 0.008, t= 0.5, not significant), while there was
millilitres per minute at the radial artery at the wrist at good correlation in the control group (r2 = 0.4, t= 6.3,
rest is measured in the right arm, being calculated P< 0.001). Blood flow is highly dependent on arterial
automatically from the product of the arterial diameter, diameter, resistance to flow being inversely proportional
the angle of the transducer relative to the artery and the to radius [4], so this loss of relationship is unexpected.
mean flow rate. The arterial diameter can be seen on Dfps patients who underwent the ischaemia/reperfusion

test showed a reduced vasodilatation response to thisthe visual display, enlarged ~10-fold, and the record is
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T 1. Changes in diameter (mm) and blood flow (ml/min) in the six groups of patients as described. Data are expressed as mean and ..

Group

1a 1b 2a 2b 3a 3b
Localized pain, Localised pain, Asymptomatic Painful dfps dfps

left arm right arm arm arm left arm right arm

Resting diameter (mm) 1.88± 0.31 1.91± 0.40 1.90± 0.44 1.69± 0.41 1.63± 0.52 1.63± 0.53
Post-exercise diameter (mm) 2.24± 0.35 2.33± 0.40 2.14± 0.43 1.64± 0.30 1.56± 0.41 1.55± 0.50
% change 19.30 22.30 13.90 −0.20 −0.17 −3.60
Resting blood flow (ml/mm) 9.21± 7.8 10.75± 11.11 11.38± 11.05 7.61± 6.73 6.65± 4.71 4.45± 3.34
Post-exercise blood flow (ml/min) 29.42± 11.67 31.79± 16.14 27.15± 19.67 7.77± 6.33 9.83± 6.77 9.55± 5.25

t-test values, combined results.
Groups 1a, 1b and 2a (pooled control data) vs 2b, 3a and 3b (pooled dfps data): resting mean diameters (mm) 1.89 vs 1.62 (P= 0.012); post-

exercise mean diameters (mm) 2.25 vs 1.58 (P< 0.0001).
Groups 1a, 1b and 2a (pooled control data) vs 2b, 3a 3b (pooled dfps data): resting mean blood flow 10.2 ml/min vs 6.02 (P= 0.03); post-

exercise mean blood flow 29.9 ml/min vs 9.25 (P< 0.0001).

industrial rheumatology to bring some clinical logic to
work-related disorders, but many clinicians and lawyers,
given the lack of unambiguous pathological data, deny
the existence of RSI at all [10]. In spite of this, the
concept of RSI remains in the public consciousness and
the best that clinicians can do is to realize its limitations
and add as specific a clinical description as possible to
individual situations.

Dfps has been described in other papers on work-
acquired arm pain [11, 12], but usually lumped together
with other arm pains rather than being considered
separately [13]. By defining dfps as a clinically specific
entity, it has been possible to examine it for reproducible
physiological abnormalities, and by evaluating the vas-
cular response to exercise in real time with a simple and

F. 1. Changes in arterial diameter in seven patients and non-invasive technique, a new diagnostic approach to
controls following ischaemia and glyceryl trinitrate (GTN ). this condition is possible, based not on appearance or
Seven patients with dfps compared with normal controls tested parameters at rest, but on the arm’s dynamic responsefor eNO responsiveness by the ischaemia/reperfusion test.

to specific exercise. We have shown that although theControls were not part of the current study, but from an age/
arm is clinically normal at rest, there is a substantialsex-matched control group using the same operator, equipment
and reproducible physiological abnormality in both theand conditions.
resting artery and in its response to exercise. Patients
with dfps develop progressive and disabling pain in thetest as well (Fig. 1), although all responded normally to
forearm muscles identical to the symptoms of claudica-inhaled glyceryl trinitrate (GTN).
tion seen under other, better known, circumstances. ThisWe were concerned that the data might be influenced
observation, taken with the demonstrated failure inby patients failing to exert maximum grip strength, but
appropriate vasodilatation, suggests that dfps may bewe found that there was no significant difference between
due to physiological claudication.the mean grip strength exerted by each of the three

This may be a secondary phenomenon which can begroups. Also, the resting diameters and the post-
triggered by a variety of painful conditions in theischaemia/reperfusion data are outside the patient’s con-
forearm. In most cases, dfps is associated with prolongedtrol, so the results are consistent.
muscle fatigue and overuse, but some patients had a
specific acute pre-existing arm lesion, two a definiteDiscussion but uncomplicated injury, one an acute tenosynovitis.
Support for a vascular phenomenon is suggested by theArm pain in those engaged in repetitive tasks is as old
one patient who was taking cabergoline, with the sameas industry itself, but has rediscovered and renamed
work-related arm pain as the others in the group.itself on many occasions. In Japan, it is called occupa-

While physiological claudication is a logical explana-tional cervicobrachial syndrome [6 ], in Australia and
tion of the work-related crescendo pain, the situation isNew Zealand RSI, in the USA national cumulative
more complex since patients also complain of a chronictrauma disorder [7] and in the UK work-related upper
resting pain and, usually at night, of episodes when theirlimb disorder [8], but the terminology remains confusing
hands are hot, oedematous and red. The latter situationsince it is based on the cause rather than the nature of

the complaint. In 1977, Hadler [9] coined the term may be due to inappropriate reflex vasodilatation,
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2. National Occupational Health & Safety Commission.possibly the explanation of the hot areas seen in the
Repetition strain injury (RSI). A report and model codeblood pool phase of the technetium bone scan in this
of practice. Canberra: Australian Government Publishingcondition. This implies, as does the normal GTN
Service, 1986.response, that the artery is capable of vasodilating, but

3. Sharma JD, Smith FM, Hazleman BI, Jenner JR.is being inhibited from doing so under specific pain-
Thermographic changes in keyboard operators withrelated circumstances. chronic forearm pain. Br Med J 1997;314:118.

It is possible that eNO dysfunction is the key to all 4. Ramsey MW, Goodfellow J, Jones CJH, Luddington LA,
the abnormalities found in patients with dfps. eNO is Lewis MJ, Henderson AH. Endothelial control of arter-
the essential local vasodilator, synthesized in the vascular ial distensibility is impaired in chronic heart failure.
endothelium by nitric oxide synthase (NOS 111) in Circulation 1995;92:3213–9.

5. Bellamy MF, Gorman ST, Brownlee M, Ramsey MW,response to increased local blood flow and pulsatility,
Goodfellow J, Lewis MJ et al. Non-invasive assessmentand is the basic mechanism for maintaining efficient
of endothelial function: normal values and effect of age.blood flow in local vasculature. In its absence, the
Eur Heart J 1996;17:Abstract P1039.resting artery constricts and organ perfusion is patchy

6. Aoyama H, Ohara H, Oze Y, Itani T. Recent trends inand inefficient [14, 15]. If eNO vasodilates the artery in
research on occupational cervical brachial disorder. J Humresponse to increased blood flow, then its loss could Ergon Tokyo 1979;8:39–45.

also explain the absence of the expected relationship 7. Association of Schools of Public Health/National Institute
between blood flow and artery diameter in dfps. eNO for Occupational Safety and Health. Proposed national
dysfunction occurs in several atherogenic disorders [16 ] strategies for the prevention of leading work related dis-
such as diabetes, smoking and hypercholesterolaemia, eases and injuries. Part 1. Washington, DC: Association
as well as cardiac syndrome X [17], none of which of Schools of Public Health, 1986:19.

8. Harrington JM. Occupational medicine and rheumaticapplied to our patients. Although eNO dysfunction,
disease. [Editorial ] Br J Rheumatol 1997;36:153–4.possibly due to pain-related inhibition of NOS 111, is

9. Hadler NM. Industrial rheumatology. Clinical investi-thus an attractive and unifying explanation for dfps,
gations into the influence of the pattern of usage on thethis remains unproven and the neurophysiological path-
pattern of regional musculoskeletal disease. Arthritisways unknown. Since dfps can exist unilaterally, it
Rheum 1977;20:1019–25.appears to be an acquired local defect, not an inherent 10. Barton NJ, Hooper G, Noble J, Steel WM. Occupational

one. causes of disorders in the upper limb. Br Med
While it is clear that dfps can be initiated by a variety J 1992;304:309–11.

of painful triggers, ischaemic muscle itself is a further 11. Champion GD, Cornell J, Browne CD, Garrick R, Herbert
potent cause of chronic pain. This may be the basis of TJ. Clinical observations in patients with the syndrome

repetitive strain injury. J Occup Health Safety (Aust NZ)a pain/ischaemia/pain feedback mechanism, responsible
1986;2:107–13.for the chronicity of this syndrome.
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