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 Abstract. Repetitive strain injury (RSI) is a form of neuropathic pain which 
closely mimics carpal tunnel syndrome (CTS). The incidence and the recognition of RSI 
are on the rise. Due to lack of training regarding RSI, and lack of familiarity with the 
syndrome, the clinicians usually do not include the RSI in their list of differential 
diagnosis. Careful history taking, neurological evaluation, along with such tests as 
quantitative sensory testing (QST) and infrared thermal imaging (ITI) is helpful to 
differentiate RSI from other causes of complex regional pain syndrome (CRPS). Proper 
treatment with epidural and paravertebral nerve blocks, I.V. Mannitol for inflammation, 
and physical therapy spared these patients from unnecessary surgery. 
 
 Descriptors. carpal tunnel syndrome (CTS), complex regional pain syndrome 
(CRPS), repetitive strain injury (RSI) 
 
 

INTRODUCTION 
 

 Repetitive strain injury (RSI) also known as “Cumulative Trauma 
Disorders”(CTD), has been recognized by the International Labor Organization as an 
occupational Cumulative Trauma Disorder resulting from working in mechanized 
occupations as far back as 1960 (1-4). It affects the factory workers processing, 
machining, and fabricating jobs, as well as construction workers. Recent literature 
shows the disease to occur more commonly among typists, musicians, computer 
operators, and word processors (Table I) (5-12). The risk of occupational RSI is greater 
for women in all jobs (4). 
 
 The incidence and the recognition of RSI are on the rise. The sharp increase in 
the number of personal computers (PC), and the rapidly increasing demand for meeting 
deadlines, has exposed the computer operators to RSI with acceleration of medical care 
cost on these patients (13-19). 
 
 

REPETITIVE STRAIN INJURY (RSI)  
 

 Repetitive strain injury (RSI) is a form of neuropathic pain which closely mimics 
carpal tunnel syndrome (CTS) (20-22).  RSI is seen among keyboard operators, such as 
transcribers, court reporters, and data entry processors. The major risk factors are 
meeting deadlines and rushing through the data entry. The symptoms consist of 
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frequent cramps in the flexor muscles of the hand, cold hyperhydrosis, neuropathic 
pain, and weakness of grip.  These patients are invariably mistaken for CTS.  
 
 According to Allen et al, standard sympathetic nerve blocks are not helpful in 
these patients (23).  Sharma et al, have applied five minute typing stress test in 21 RSI 
patients.  All 21 had pain after 5 minutes of typing.  The mean  temperature reading after 
typing was significantly reduced to 2.11º C with  95%  confidence  interval 1.35 to 2.26ºC 
(P<0.001)(24). 
       

CARPAL TUNNEL SYNDROME (CTS) 
 
 Carpal tunnel syndrome (CTS) was first reported by James Paget in 1854(25). 
Marie and Foix first performed surgical release for CTS (26).  Rothnagel in (1867-quoted 
by Marie and Foix), and later Sudeck reported “vasomotor neurosis” inflammatory form 
of median nerve entrapment (26, 27). This inflammatory form is frequently seen as a 
complication of complex regional pain syndrome (CRPS) (28). When properly applied, 
nerve conduction velocity (NCV) test easily identifies the CTS.  Unfortunately, surgeons 
frequently skip the NCV test, and proceed with surgery - in spite of neuroinflammatory 
manifestation at the wrist and hand. Surgery on the inflammatory form of CTS 
invariably aggravates this condition. 
 
 CTS is the most commonly diagnosed neurological syndrome after migraine. The 
true CTS with characteristics of sensory loss limited to the median nerve distribution, 
and with delayed distal nerve conduction at the wrist, are essential minimal diagnostic 
requirements. Other diseases such as cervical spondylosis, cervical sprain, and diabetic 
neuropathy, RSI, and mononeuropathy multiplex, should not be mistaken for CTS. 
Otherwise, the patient will end up with surgery as an additional iatrogenic pathology.  
 
 The large majority of chronic pain patients suffer from somatic type nerve 
dysfunction, with no neurovascular involvement, such as seen in CTS. In a small 
minority of chronic pain patients, neuropathic pain with neurovascular pain, such as 
seen in CRPS patients, the disease mimics the CTS. The surgeon tends to explain away 
the neuropathic aspect of the pain even in the face of normal electromyography 
EMG/NCV tests, abnormal asymmetric hyperhydrosis, and purplish discoloration of the 
hand. The loser is the patient who develops more pain and neuroinflammation after 
surgery. 
 
 According to the occupational studies by US West Communications, 15% of all 
employees had tendon injuries and disorders vs. 1% suffering from CTS. This severe 
discrepancy between clinical diagnosis of CTS and the unbiased statistics by US West 
Communications, explains the poor results of CTS treatment in RSI patients (29). 
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MATERIALS AND METHODS 
 

 From January 1996 through August 2002, Twenty-one patients were identified as 
suffering from RSI (Table II). The patients were evaluated by: (i) careful detailed history 
taking; (ii) detailed neurological examination; (iii) dynamic and static evaluation of 
muscle strength and range of motion using a jamar dynamometer (30); (iv) nerve 
conduction velocity (NCV) not limited to only median nerve conduction, but to include 
ulnar nerve conduction test; (v) Phelan’s and Tinel’s tests at the wrist; (vi) quantitative 
sensory testing (QST); (vii) infrared thermal imaging (ITI)(31);  (viii) pain threshold 
and strength measurement by Lovett and Martin scale of  0-5 and measurement of 
strength ½ hour before and ½ hour after reproduction of rapid performance of the job 
duty (32).   
 
       
 

Table I. Sources of reported causes of Repetitive Stress Injury (RSI). 
 

1. Editors 
    1a. Journalist 
    1b. Keyboard Operators  
    1c. Musicians 
    1d. Programers 
    1e. Telephone Operators 
    1f. Typesetters 
    1g. Word Processors  
    1h. Writers 

2. Game “Keeper’s Thumb” or 
“Skiers Thumb” 

3. Compartment Syndrome 
3a. Repeated cast application or 
surgical closure of fascial 
defects. 

4. Sports activities 
4a.Occupational RSI leading to 
tennis elbow or TOS. 
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Table II. Causes reported in our patients. 
 

Job 
Description  

Number of 
Cases 

Computer 
Operator  

7 

Court Reporter 2 

Dairy Farmer  1 

Heavy 
Equipment 
Operator 

1 

Massage 
Therapist 

1 

Nurse 5 

Pathologist  
(using a 

microscope) 

1 

Plumber 1 

Stock Trader 1 

Telephone 
Operator 

1 

 
 

SYMPTOMS AND SIGNS 
 

 The patients suffered from neuropathic pain, which were hyperpathic and 
allodynic (18 of  21  patients), burning pain (13 of 21 patients), stabbing or sharp pain (4 
of 21 patients) which was present as one pain modality, or two or more modalities, on 
the same patient. 
 
 The pain was regional (21 of 21 patients) involving not only the extremity, but 
showing regional spread to the rest of the extremity and craniocervical regions (19 of 21 
patients).  
 
 The spread of pain, edema, tremor, vasoconstriction, and flexor spasm was 
present in all surgical and cryotherapy patients (33). 
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DIAGNOSIS 
 
  Due to cursory training regarding RSI and lack of familiarity with the syndrome, 
the clinicians usually do not include the RSI in their list of differential diagnosis. As a 
result, RSI is commonly diagnosed as CTS, fibromyalgia (FM), tendinitis, thoracic outlet 
syndrome (TOS), or rotator cuff syndrome (7, 34). The other common syndromes 
mistaken for RSI are, Raynaud’s Phenomenon, and CRPS (12, 20, 35).   
 
 
REPETITIVE STRAIN INJURY (RSI) VS CARPAL TUNNEL SYNDROME 
(CTS): Careful history taking, neurological evaluation, QST and ITI are helpful to 
differentiate RSI from other causes of CRPS.  In our study of 824 CRPS patients, we 
found a tendency for over - and under - diagnosis of CTS (35). In spite of the fact that 
NCV test was normal, the patients showed the typical four principles of CRPS, i.e., (i) 
Neuropathic and hyperpathic pain in a regional pattern rather than exclusively involving 
the median sensory nerve distribution; (ii) Neurovascular dysfunction; (iii) 
Neuroinflammation in the form of edema or skin rash; and (iv) Dysfunction of Limbic 
system. Unfortunately, surgery on the 93 patients mistaken for CTS resulted in marked 
aggravation of the disease.  In the study of 824 CRPS patients, 93 underwent CTS 
surgery. Only 32 patients had undergone NCV studies and only 8 of the 32 had 
undergone comprehensive comparison of right and left ulnar and median NCV studies 
(35). Clinical correlation and comprehensive neurophysiological tests are the keys to the 
diagnosis of CRPS due to RSI. 

 
 

 REPETITIVE STRAIN INJURY (RSI) VS COMPLEX REGIONAL PAIN 
SYNDROME (CRPS): In the 21RSI patients, the clinical picture was very similar in 
both diseases. The consistent major difference was the fact that RSI patients, while 
staying away from work, showed no constant pain, no skin discoloration, no 
asymmetrical sweating, and no neuroinflammation. This was in contrast to CRPS 
patients who had practically constant neuropathic pain, neurovascular dysfunction, and 
tendency for flexor spasms (Table III). The RSI patients invariably showed recurrence of 
neuropathic pain when they tried to go back to the same job without having had proper 
treatments (such as ergonomic changes and nerve blocks). 
     

 
 REPETITIVE STRAIN INJURY (RSI) VS FIBROMYALGIA (FM): This 
differentiation was quite easily due to the fact that the RSI patients suffered from 
regional pain and sensory loss in the distribution of branches of brachial artery below 
the elbow in contrast to FM patients who had multiple areas of pain and tenderness with 
no circulatory changes. The FM patients did not suffer from hyperpathic and allodynic 
pain. In addition, the FM patients showed no neurovascular instability due to 
sympathetic nervous system (SNS) dysfunction. 
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 REPETITIVE STRAIN INJURY (RSI) VS RAYNAUD’S PHENOMENON: 
Raynaud’s Phenomenon causes skin discoloration usually due to female hormonal 
imbalance. There is no hyperpathia or allodynia, no weakness of grip, no flexor spasms, 
no mottling which is the sign of sympathetic neurovascular insatiability, and no 
asymmetrical sweating (35, 36). 
 

 
CARPAL TUNNEL SURGERY 

 
 In our series of 21 RSI patients, 6 out of 21 had undergone CTS surgery with 
marked aggravation and spread of the disease to the contralateral extremity. Only 2 of 
the 6 patients had undergone NCV. Neither one showed any evidence of CTS. 
 
 Kleinert et al, noted that CRPS followed CTS surgery in 1/4 of their post-
traumatic CRPS cases (37, 38).  In our experience, usually the original trauma causing 
CRPS precedes the CTS surgery (35). Then the disease flares up secondary to surgical 
trauma resulting in a new source of neuropathic pain in the surgical scar, and flexion 
deformity of the hand and spread of CRPS (39-42) (Table III). The CTS and surgery 
share the blame, resulting in ultimate delay in diagnosis of the CRPS which originated 
the symptoms of CTS (12).   
 

TREATMENT 
 

 Excluding the RSI patient who have undergone invasive treatment such as 
application of ice (Cryotherapy), surgery, or repetitive cast applications, the three forms 
that cause damage to myelinated nerves (ice), as well as damage to sensory nerves 
(surgery), and ischemia (cast  application). The rest of RSI patients faired better, and 
were less prone to suffer from long standing disability.  The neuropathic pain was 
different from the CRPS pain prior to surgical procedures, and in the cases that did not 
undergo surgery, the RSI patients did not demonstrate the full clinical picture seen in 
CRPS.  
 
 The difference was the fact that the patients would go into remission after 
stopping their repetitive strain work duties. The RSI would recur if the patient returned 
to work without correcting the extrinsic (i.e., improper key board, or other types of 
equipments), and intrinsic (i.e., improper position of the extremity, or perusing 
repetitive and rapid cumulative trauma) defective ergonomics.  
 
 In the non-invasive RSI patients, while in remission, there was no constant pain, 
no skin discoloration, no asymmetrical sweating, and no neuroinflammation. This was 
in contrast to CRPS patients who had practically constant neuropathic pain, 
neurovascular dysfunction, and tendency for flexor spasms (Table III).  
 
 Treatment with epidural and paravertebral nerve blocks, I.V. Mannitol for 
inflammation, and physical therapy spared these patients from surgery (35, 43). 
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Table III. Somatic RSI vs. Neuropathic RSI  
The neuroinflammation due to CRPS may lead to entrapment neuropathies.    

 Surgery may aggravate the CRPS. Somatic entrapment is usually helped with surgery. 
 

 A-Somatic RSI 
69 Patients 

B- Neuropathic RSI 
21 of 824 Cases (35) 

Pain 1. Proportionate to 
impingement 

2. Limited to sensory branches 
of median nerve 

Allodynic and regional 
hyperpathic pain, and 

edema 

Trophic changes Thenar atrophy in late stages 
 

Edema, dystrophy 
(hair and skin changes); 
neurovascular instability 

(Blotching)  

Tinel’s sign Limited to carpal tunnel Indiscriminative: 
Entire wrist 
Hyperpathic 

Movement Disorder 
(Tremor) 

None Completely seen in late 
stages of the disease 

 Muscle tonus Weak, atrophic in advanced 
stages 

Dystonic flexor spasm 
and deformity of digits 

NCV Delayed sensory and motor 
distal latency 

Normal or borderline  
sensory delay 

Thermographic 
Changes 

Usually no change. In advanced 
stages with over 6 millisecond 

distal delay, mild hyperthermia 
in the first three fingers 

distribution pointing to vasa 
neuronum damage. 

Thermographic changes 
are in thermatomal (distal 

vascular) 
distribution involving the 
entire hand and wrist, but 

not limited to median 
nerve distribution. 

Neurovascular 
instability :  

Mottling, color 
changes: 

(Chameleon sign) 

 
None 

 
Present off and on 

Surgical findings No inflammation Diffuse inflammation; 
edema; osteonecrosis 
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RESULTS 

 
 Careful examination revealed the presence of trophic and inflammatory changes, 
manifested by hyperthermia on ITI. NCV studies showed normal or borderline test 
results.  There was a major contrast between the somatic, classical CTS versus 
neuroinflammatory entrapment of the median, radial, and ulnar nerves in CRPS. The 
CTS patients showed normal thermographic distribution. Only in advanced, severe, and 
atrophic CTS patients with distal sensory latency on nerve conduction velocity of 6ms or 
longer the ITI showed mild hyperthermia in sensory median nerve distribution pointing 
to a dermatomal temperature change. This was in contrast to the CRPS group of 
patients who showed moderate hypo-or hyperthermia in the entire hand and wrist 
pointing to a thermatomal change in the distribution of brachial nerves and arterioles. 
Ammer et al have also shown similar thermal changes in late stage CTS patients with 
distal latency of 6 ms (44). The inflammatory nature of the CRPS mimicking CTS is best 
treated conservatively with physiotherapy, epsom salt bath, and alpha blockers such as 
terazosin, catapres patch, calcium channel blockers, and I.V. Mannitol, rather than 
surgical treatment (12). 
 

SUMMARY AND CONCLUSION 
 
 We studied a series of 21 patients: Age range 26-43; Sex: 17 females and 4 males; 
Occupation: Computer operator 7; Court reporter: 2; Dairy farmer: 1; Heavy Equipment 
operator: 1; Massage Therapist: 1; Nurse: 5; Pathologist using a microscope: 1; Plumber: 
1; Stock trader: 1; Telephone operator: 1. The NCV was normal in all but two patients. 
These two patients had borderline slowing of the median nerve distal latency. The ITI 
showed moderate bilateral hypothermia from the wrist down in 17 of the 19 patients 
with mean delta-T of forearm minus palm being 1.8± .91.  
 
 Treatment with epidural and paravertebral nerve blocks, I.V. Mannitol for 
inflammation, and physical therapy spared these patients from unnecessary surgery (35, 
43). 
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