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ABSTRACT 

 

OBJECTIVES 

Non-specific arm pain is a common clinical entity, the pathophysiological mechanisms of which are 

poorly understood.  The purpose of this study was to investigate sensory profiles in individuals with 

non-specific arm pain compared with cervical radiculopathy and controls.  

 

METHODS 

Forty office workers with non-specific arm pain, 17 people with cervical radiculopathy and 40 healthy 

controls were assessed by means of quantitative sensory testing (thermal and vibration detection 

thresholds; thermal and pressure pain thresholds), tests for neural tissue sensitivity and questionnaires.  

Between-group comparisons were conducted using Kruskal-Wallis tests.  Exploratory factor analysis 

was used to determine characteristic features in non-specific arm pain. 

 

RESULTS 

Both patient groups demonstrated cold and pressure pain sensitivity (p<0.003; p<0.05) as well as 

neural tissue sensitivity (p<0.001).  The non-specific arm pain group also demonstrated heat pain 

sensitivity (p<0.001).  Both groups demonstrated hypoaesthesia to vibration thresholds (p<0.05), 

whereas thermal hypoaesthesia was only evident in the cervical radiculopathy group (p<0.05).  

Exploratory factor analysis revealed pressure and thermal pain sensitivity as the key characteristics of 

this non-specific arm pain group.   

 

DISCUSSION 

Sensory profiles in non-specific arm pain and cervical radiculopathy differ.  Non-specific arm pain is 

characterised by widespread sensitivity to thermal and pressure pain in the absence of thermal 

hypoaesthesia, while cervical radiculopathy is characterised by the presence of thermal and vibratory 

hypoaesthesia as well as more localised cold and pressure pain sensitivity.  The identification of 

widespread sensory hypersensitivity in non-specific arm pain has important implications for clinical 

decision making. 
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INTRODUCTION 

Non-specific arm pain is a vague clinical entity, the prevalence of which has been estimated to be as 

high as 50% of all work related upper limb disorders.
1 2

  It is defined as diffuse pain in the forearm 

(which can also involve the neck, upper arm, wrist and hand) in the absence of evidence of a specific 

disorder.
3
  The pathophysiological mechanisms underlying non-specific arm pain remain unclear with 

a number of theories proposed, such as nociceptive/inflammatory pain (e.g. from muscle), neuropathic 

pain, central sensitization and important psychosocial contributions.
4-6

  

 

Previous studies of non-specific arm pain have identified hyperalgesia in response to clinical tests of 

neural sensitivity.
7-9

  The underlying mechanisms of this may relate to peripheral nerve sensitization 

or central sensitization.
9 10

  In addition, the presence of sensory hypoaesthesia to light touch
11

 and 

vibration have been recorded in this population.
4 12 13

  Proposed explanations for these findings include 

peripheral nerve dysfunction or minor neuropathy.
4 9

  However, the presence of widespread 

hypoaesthesia has also been explained by some researchers as indicative of changes in central 

processing, for example, in response to the presence of pain.
11 13

  

 

In many chronic pain conditions, the presence of sensory hyperalgesia has been reported, with 

findings of hyperalgesia to thermal and mechanical stimuli detected in cohorts with neck pain,
14 15

 

whiplash,
16 17

 patellofemoral pain
18

 and low back pain.
19

  These findings are important for our 

understanding of pathophysiological mechanisms with the finding of widespread sensory hyperalgesia 

likely reflective of central sensitization.
20

  The presence of sensory hyperalgesia has not been 

investigated in non-specific arm pain and therefore, further research is warranted to investigate 

sensory profiles in a more comprehensive manner in this group.    

 

Cervical radiculopathy is a condition of neuropathy of one or more cervical nerve roots.
21

 As some of 

the previous research relating to non-specific arm pain points to the presence of a nerve dysfunction 

or neuropathy in this group, cervical radiculopathy was selected as an appropriate comparison group 

to explore this further.  Therefore, the purpose of this study was twofold: first, to examine the sensory 

profiles and identify the presence of characteristic features in non-specific arm pain and second to 

ascertain the absence or presence of features of neuropathy and/or neuropathic pain in non-specific 

arm pain compared with cervical radiculopathy.  The results from this study could influence clinical 

decision making regarding interventions for patients with non-specific arm pain.   

 

 

MATERIALS AND METHODS 

Design 



A cross-sectional observational study investigating sensory profiles in participants with non-specific 

arm pain, cervical radiculopathy and healthy controls was undertaken.  Volunteers were screened for 

inclusion criteria for each particular group.  Subsequently, participants underwent a physical 

examination and quantitative sensory testing (QST) and were asked to complete a series of 

questionnaires of pain and disability measures.  The study design is outlined in Figure 1.  All aspects 

of group allocation and data collection were performed by one investigator (NM).  Aspects of the 

QST testing protocol were randomized.  The study was approved by the Human Research Ethics 

Committee for Life Sciences in University College Dublin and the involved hospitals.  All 

participants were unpaid volunteers and provided written informed consent before inclusion.  

 

Participants 

Non-specific arm pain: Participants with arm pain, aged between 18-65 years, were recruited from 

Dublin metropolitan hospitals, medical and physiotherapy practices and via a poster/email/newspaper 

campaign and were screened for inclusion in this study.  Screening involved taking a medical history 

and performing a physical examination.  Patients were assigned to the non-specific arm pain group if 

they had pain in the arm in the absence of a specific diagnosis,
22

 were office workers with significant 

upper limb pain as defined by a numerical pain rating of ≥3/10,
23

 for longer than 3 months, who spent 

more than 40% of their working week using desktop equipment
4
 and who had been employed using 

desk-top equipment for at least two years.
14

 

 

Cervical Radiculopathy: Participants with possible cervical radiculopathy were also recruited from 

Dublin metropolitan hospitals (primarily neurosurgical departments) as well as medical and 

physiotherapy practices.  They were assigned to the cervical radiculopathy group if they had radicular 

pain in the upper limb (≥3/10),
23

 a positive upper limb neurodynamic test (as defined by the 

reproduction of concordant symptoms and structural differentiation,
24

 a positive Spurling’s test, MRI 

confirmation of nerve compression
21 25 26

 as well as at least one concordant clinical sign of conduction 

loss
27

 (i.e. one of diminished/absent reflexes, myotomal weakness or sensory loss in a dermatomal 

pattern).   

 

Controls: Control participants were recruited from a general email/poster campaign.  They were age 

and gender matched with the non-specific arm pain group and were included in the control group 

providing they did not have a history of significant neck, scapular or shoulder pain over the previous 

12 months and did not use desktop equipment for more than 40% of their working week.
4
  

 

Volunteers were excluded from any of the three groups if they were seeking compensation for their 

injury or if they had any of the following: generalized neurological disorders, generalized 

musculoskeletal/inflammatory disorders, a history of low back pain and or low back related leg pain 



over the previous 6 months, a history of migraine over the previous 6 months, previous trauma to the 

upper quadrant, diabetes, endocrine disorders, epilepsy or any significant psychiatric disorders. 

 

Measurements 

A detailed description for the procedure for data collection in this study has previously been 

published.
28

   

 

Sensory Assessment 

A QST protocol was designed such that small and large diameter nerve fibers and their associated 

central pathways were assessed.
29

  Measures were taken of the following parameters using the method 

of limits: cold and warm detection thresholds; cold and heat pain thresholds and vibration thresholds.  

All measures were recorded on three sites on each arm.  Thermal and vibration tests were performed 

using a NeuroSensory Analyser (TSA 2001 II Medoc, Israel).  For thermal testing, a Peltier thermode 

(16 x 16mm) was attached directly over sites in the hand innervated by C6 (dorsum of the first 

metacarpal), C7 (dorsum of the second metacarpal) and C8 (dorsum of the fifth metacarpal).  A 

Vibrameter (VSA 3000 II 2001 Medoc, Israel) was used to measure vibration thresholds with readings 

taken over sites of the hand innervated by C6, C7 and C8.  Pressure pain thresholds were measured 

using a hand held pressure algometer with a probe size of 1cm² (Somedic AB, Farsta, Sweden) and an 

application rate of 40 kPa/s over the median, ulnar and radial nerves.
28

  Triplicate recordings were 

taken at each site for all QST parameters and the mean values used for analysis.  The tibialis anterior 

muscle was used as a distal reference point for thermal testing and pressure pain thresholds (recorded 

unilaterally).  All aspects of QST have been found to have acceptable reliability.
30-32

 

 

Neural tissue sensitization 

Neural tissue sensitization was measured using the upper limb neurodynamic test 1 and nerve 

palpation of the median, ulnar and radial nerves.  The neurodynamic test 1 is a passive brachial plexus 

provocation test, performed in supine lying which involves the following: gentle scapular depression, 

shoulder abduction, forearm supination combined with wrist and finger extension, shoulder external 

rotation and elbow extension.
24

  The test was considered positive with the reproduction of arm 

symptoms (at least in part) as well as structural differentiation tests, indicating a neural tissue source 

for the reproduced symptoms.
24

  The other variables recorded from the neurodynamic test 1 were 

range of motion of elbow extension, using a goniometer secured to the arm, and numerical pain rating 

at the onset of pain during the test.  Nerve palpation involved gentle digital palpation of the median 

nerve, medial to the tendon of biceps at the elbow, the radial nerve in the radial groove of the humerus 

and the ulnar nerve medial to the olecrenon.
10

  This was rated as either painful or not.  

 

Neuropathic pain 



All participants in the non-specific arm pain and cervical radiculopathy groups completed the 

LANSS, with a score of ≥12 (out of 24) indicating the possible presence of neuropathic pain.
33

 

 

Kinesiophobia 

All participants in the two clinical groups completed the TSK,
34

 with a score of ≥37 (out of 68) 

considered to indicate the presence of significant fear-avoidant pain beliefs.
35

 

 

Disability 

All participants in the two clinical groups completed the DASH questionnaire (0-100 with 0 

indicating no disability).
36

 

 

Pain 

All participants in the two clinical groups provided an average numerical pain rating for the previous 

24 hours and completed a short form McGill pain questionnaire which assesses sensory and affective 

dimensions of pain.
37

   

 

Statistical Analysis 

PASW Version 18 (SPSS equivalent) statistical package for Windows was used for analyses.  

Descriptive statistics were calculated for all measurements.  As most data were not normally 

distributed between-group comparisons were analysed using Kruskal-Wallis tests with post-hoc 

analyses conducted using Mann-Whitney U tests.  Bivariate correlation analyses were conducted 

between QST, clinical measures and results from questionnaires.   

Using significant between-group findings, exploratory factor analysis (principal component analysis 

model) was conducted in order to identify characteristic components of the non-specific arm pain 

group.  Comparisons of the resultant components between the three groups were conducted using one-

way ANCOVAs with Tukey’s post hoc analyses and with age as a co-variate.   

 

RESULTS 

Demographic details 

Details of participants are outlined in Table 1.  The mean age of the non-specific arm pain and control 

groups was 36 years while the cervical radiculopathy group were older at 53 years (F = 21.41, p < 

0.001).  There were a higher number of females in all groups. 

 

 

Side to side differences 

Significant side-to-side differences were identified for cold pain at the C8 site in the non-specific arm 

pain group and between the symptomatic and asymptomatic side in the cervical radiculopathy group 



for neurodynamic test measures of range of elbow extension and numerical pain rating (p < 0.05).  

Therefore, these measures were analysed separately in subsequent analyses.  No side-to-side 

differences were found for any other measure in any of the groups (p > 0.05) and therefore, the mean 

of right and left sides was used for analyses.  Thirty-two participants in the non-specific arm pain 

group presented with unilateral arm pain.  Significant differences were identified between the 

symptomatic and asymptomatic limb for vibration at the C7 site (p = 0.02) and pressure pain at the 

median nerve site only (p = 0.03).  Comparisons between asymptomatic limb, symptomatic limb and 

controls for all QST measures were also conducted. 

 

Sensory assessment 

All QST results are presented in Tables 2 and 3.  

Thermal detection thresholds  

Significant between group differences were found for cold detection and warm detection at all upper 

limb sites (p ≤ 0.02) and for cold detection at the tibialis anterior muscle site (p = 0.04).  Post-hoc 

analysis revealed that cold detection was elevated (participants detected the stimulus later) in the 

cervical radiculopathy group compared with both the control and non-specific arm pain groups at all 

sites including tibialis anterior muscle (p < 0.02).  Warm detection was elevated in the cervical 

radiculopathy group compared with the control group at all upper limb sites and compared with the 

non-specific arm pain group at the C6 site only (p = 0.01).  Warm detection was significantly elevated 

in the non–specific arm pain group compared to the control group at the C8 site only (p = 0.009).   

 

Thermal pain thresholds 

Significant between group differences were found for cold pain and heat pain at all upper limb sites (p 

≤ 0.011) and for heat pain at the Tibialis Anterior muscle site (p = 0.001).  Participants in the cervical 

radiculopathy and non-specific arm pain groups were more sensitive to cold pain than controls (p ≤ 

0.003) at all upper limb sites with no significant differences between the cervical radiculopathy and 

non-specific arm pain groups (p > 0.05).  In addition, cold pain sensitivity was evident at the Tibialis 

Anterior muscle site in the non-specific arm pain group compared with the control group (p = 0.02).   

Participants in the non-specific arm pain group were more sensitive to heat pain than controls (p ≤ 

0.001) and the cervical radiculopathy group (p ≤ 0.05) at all sites.  There were no significant 

differences between the cervical radiculopathy group and control group (p > 0.36).  

 

Vibration thresholds  

Significant group differences were identified between the 3 groups for vibration at the C7 site only (p 

= 0.01), although there was a trend towards significance at the C6 and C8 sites (p ≤ 0.07).  Post-hoc 

analyses revealed that the cervical radiculopathy group detected vibration significantly later than the 

control group at the C7 (p = 0.002) and C8 (p = 0.01) sites with C6 close to significance (p = 0.06).  



Vibration thresholds were also detected later in the non-specific arm pain group compared to controls 

at C6 and C7 sites (p ≤ 0.04), whereas the non-specific arm pain group did not differ significantly 

from the cervical radiculopathy group (p > 0.14).  

 

Pressure pain thresholds 

Significant group differences were found for pressure pain thresholds at all sites including Tibialis 

Anterior muscle (p ≤ 0.04).  The non-specific arm pain group were more sensitive to pressure pain 

compared to controls for all three upper limb nerves and Tibialis Anterior muscle (p <0.02), while the 

cervical radiculopathy group were more sensitive than controls at the median and radial nerve sites ( 

p≤ 0.03) with the ulnar nerve site close to significance (p = 0.06).  There were no differences between 

the non-specific arm pain and cervical radiculopathy groups for any site (p > 0.183). 

 

Sensory assessment  in non-specific arm pain participants with unilateral arm pain  

The results for comparisons between non-specific arm pain participants with unilateral arm pain 

(asymptomatic and symptomatic limbs) with controls are presented in Table 3.  Both limbs 

demonstrated significant cold, heat and pressure pain sensitivity when compared to controls.  

Vibration was detected later in the symptomatic limb of this group compared with controls (p ≤ 0.03).  

There was no difference between the asymptomatic limb and controls (p ≥0.07) although the C6 site 

was close to significance (p = 0.07) for vibration thresholds.  Detection of warm sensation was also 

significantly later in the symptomatic limb compared to controls but only at the C8 site (p = 0.02).   

 

Neural tissue sensitization 

Of the 40 participants with non-specific arm pain, 31 had a positive neurodynamic test i.e. 

reproduction of symptoms in the symptomatic limb.  Significant differences were identified for both 

range of elbow extension (p < 0.001) and numerical pain rating (p < 0.001) on neurodynamic testing 

between all three groups (Figures 2, 3).  Post-hoc analyses revealed that the non-specific arm pain 

group as well as both symptomatic and asymptomatic limbs of the cervical radiculopathy group were 

significantly different to the control group (non-specific arm pain median of both limbs = 47° (IQR = 

28) from full elbow extension p < 0.001; cervical radiculopathy symptomatic limb = 61°; (IQR = 20) 

p < 0.001; cervical radiculopathy asymptomatic limb = 46° (IQR = 35) p < 0.01; control group 

median of both limbs = 23°(IQR = 15).  The symptomatic limb of the cervical radiculopathy group 

demonstrated significantly reduced range of elbow extension (p = 0.008) and higher pain ratings (p = 

0.009) on the neurodynamic test compared with the non-specific arm pain group.  No differences were 

found between the non-specific arm pain group and the asymptomatic limb of the cervical 

radiculopathy group for either measure of the neurodynamic test (p > 0.70).  



Significant group differences were found for nerve palpation at all three sites, with both limbs of the 

cervical radiculopathy group and the non-specific arm pain group significantly different to the control 

group (p < 0.001).  There were no differences between the non-specific arm pain and cervical 

radiculopathy groups (p > 0.13). 

  

Pain, disability and kinesiophobia 

Results for measures of pain, disability and kinesiophobia are presented in Table 4.  There were 

significant differences between the cervical radiculopathy group and the non-specific arm pain group 

for all measures (p ≤ 0.01) except pain intensity (p = 0.37).  The cervical radiculopathy group 

recorded higher scores of kinesiophobia (p = 0.02) and disability (p = 0.02) as well as higher scores 

on the LANSS questionnaire (p ≤ 0.01).  Five (29%) of the cervical radiculopathy group recorded a 

score of ≥12 (out of 24) on the LANSS questionnaire, suggesting possible neuropathic pain compared 

with 4 (10%) of the non-specific arm pain group.  No significant correlations were found between 

results from QST and any measure of the following measures: neural tissue sensitization, self-reported 

measures of neuropathic pain, kinesiophobia, and disability or pain (p > 0.05).   

 

Exploratory Factor Analysis  

Exploratory factor analysis was conducted on the data from the non-specific arm pain group and 

revealed four components based on eigenvalues >1.  The weights of the extracted components (based 

on a significance level of p ≤ 0.05), identified four components which explained 79% of the variance.  

The first component was a measure of pressure pain sensitivity explaining 39% of the variance, the 

second component a measure of thermal pain sensitivity (heat and cold) explaining 20% of the 

variance, the third component a measure of vibration hypoaesthesia explaining 11% of the variance 

and the fourth component a measure of neural tissue sensitivity (neurodynamic test range of elbow 

extension and pain as well as nerve palpation) explaining 9% of the variance.  Between group 

comparisons, corrected for the effect of age, revealed significant differences for each component (p ≤ 

0.003) (Table 4).  Post-hoc analyses revealed that pressure and thermal pain sensitivity distinguished 

the non-specific arm pain group, while vibration hypoaesthesia was significantly different between the 

cervical radiculopathy group and the control group (p = 0.03) with no difference between the non-

specific arm pain group and healthy control group (p = 0.53) or cervical radiculopathy group (p = 

0.09).  

 

DISCUSSION 

The main findings of this study indicate that non-specific arm pain is characterised by widespread 

pressure and thermal hyperalgesia, which accounts for 59% of the variance in this group.  Thermal 

hyperalgesia was also found to be more characteristic of non-specific arm pain than cervical 

radiculopathy.  While vibration hypoaesthesia was evident in both groups compared to controls, 



results from factor analysis found it to be more characteristic of the cervical radiculopathy group, 

even when the difference in age was accounted for.  Hypoaesthesia to thermal stimuli was only 

evident in the cervical radiculopathy group and both groups demonstrated evidence of neural tissue 

sensitization.   

 

Two primary differences were identified in this study between the clinical groups.  First, the non-

specific arm pain group demonstrated more widespread hyperalgesia than cervical radiculopathy, with 

cervical radiculopathy participants only found to have pressure and cold sensitivity in the upper limb 

sites and not at the distal site of Tibialis Anterior muscle.  This is despite the fact that both groups had 

a mean duration of symptoms of between 4 and 5 years and reported similar levels of pain intensity.  

This result suggests that the pathophysiology underlying non-specific arm pain is more likely 

associated with central sensitization and/or widespread peripheral sensitization than in cervical 

radiculopathy.   

 

The second main difference between the groups relates to the presence of both thermal and vibration 

hypoaesthesia in cervical radiculopathy, whereas subjects with non-specific arm pain demonstrated 

vibration hypoaesthesia only.  Furthermore, the results from the factor analysis indicate that the 

vibration hypoaesthesia component accounted for only 11% of the variance in the non-specific arm 

pain and that it characterised cervical radiculopathy significantly more than non-specific arm pain, 

even when corrected for age.  Previous studies have reported the presence of hypoaesthesia to 

vibration, which has been interpreted as indicating a minor large fibre neuropathy 
4 38

 although others 

suggest it is consistent with altered central processing.
13

  The interpretation of the results for vibration 

data in this study is open to ambiguity.  On one hand, the presence of widespread hyperalgesia would 

lend weight to the argument that vibration hypoaesthesia is secondary to altered central processing, a 

scenario explained by Apkarian et al.
39

 as a reverse pain gate mechanism.  However, the fact that the 

symptomatic limb in those with unilateral non-specific arm pain demonstrated significantly more 

vibration hypoaesthesia compared with the asymptomatic limb lends credence to the argument for the 

presence of a minor large fibre neuropathy.  Finally, it is important to consider whether mean/median 

values of vibration thresholds as low as 0.5 to 0.8µm as recorded in this study and others
4 13 17

 are 

suggestive of a diagnosis of a neuropathy when compared with values recorded in carpal tunnel 

syndrome and diabetic neuropathy (0.9 to 1.1µm).
40 41

   

 

Neural tissue sensitization was demonstrated in both of the clinical groups tested, a finding consistent 

with many previous reports in non-specific arm pain
7-9 42

 but which in this study did not distinguish 

the two clinical groups from one another.  A positive neurodynamic test was recorded in 31 of the 40 

participants with non-specific arm pain, which demands that the symptoms are reproduced at least in 

part and that structural differentiation points to the neural tissue as the source of symptoms.  Despite 



this, it was most interesting to note that while differences were recorded in terms of pain and range of 

motion between the symptomatic and asymptomatic limbs in the cervical radiculopathy group, this 

was not the case in the non-specific arm pain group.  This would suggest that relying on side-to-side 

differences in range of motion to interpret the test as positive would likely be misleading in the non-

specific arm pain group.  This finding also supports the hypothesis that non-specific arm pain may be 

principally characterised by widespread hyperalgesia which includes neural tissue and that the 

reduction in range of motion associated with a positive responses reflects a protective flexor 

withdrawal response mediated by the central nervous system.
43

  Other hypotheses include 

sensitization of the nervi nervorum and inflammation of the neural tissue i.e. neuritis, both of which 

may lead to the finding of neural sensitization to movement or pressure.
44

   

 

In some previous studies, the assertion that the pathophysiology underlying non-specific arm pain 

relates to a neuropathy and/or neuropathic pain has been made.
4 45

  In this respect, it is interesting to 

note that only four participants presented with possible neuropathic pain as screened using the 

LANSS questionnaire.  Furthermore, considering recently proposed criteria for the classification of 

neuropathic pain,
46

 few of the non-specific arm pain group would have been considered for this 

classification as a history of a nerve lesion was impossible to identify.  The presence of vibration 

hypoaesthesia is ambiguous as previously outlined, while the presence of neural tissue sensitization 

could be interpreted as either evidence of a more generalised sensitization or a specific neural tissue 

disorder.  These results combined would imply that the results should be interpreted cautiously and 

while there may well be a degree of neurogenic pain, the presence of a neuropathy and/or neuropathic 

pain is unlikely to be the main pathology in the majority of this cohort.   

 

The presence of widespread hyperalgesia, while a novel finding in non-specific arm pain, has been 

observed in a multitude of other chronic musculoskeletal cohorts such as whiplash, 
47

 office workers 

with neck pain,
14

 low back pain,
19

 and lateral epicondylagia.
48

  Interestingly, the presence of cold 

hyperalgesia, particularly when present with other indicators of sensitivity, has been identified as 

predictive of poor outcomes in whiplash
47 49

 and characterises people with lateral epicondylalgia who 

have higher pain and disability levels.  Therefore, perhaps the presence of thermal hyperalgesia, as 

well as the other evidence of sensitization could explain some of the chronicity that has previously 

been reported in non-specific arm pain.
50

  While such widespread findings of hyperalgesia points to 

sensitization of the central nervous system, it is important to note that mechanisms of sensitization 

involve a complex interplay of peripheral and central events.  There is evidence that sensitization of 

primary sensory neurons to thermal or mechanical stimuli occurs secondary to inflammation,
51

 which 

would lower the threshold of primary sensory neurons to these stimuli, allowing lower temperatures 

and lighter pressure to be registered as painful.  This is relevant in work related upper limb disorders, 

considering findings from animal studies, whereby animals performing repetitive low or negligible 



load tasks demonstrated widespread expression of inflammatory mediators.
52 53

  Another mechanism 

of peripheral sensitization is hyperalgesic priming, which is a form of nociceptor plasticity that causes 

nociceptors to become hyper-responsive to input that normally does not evoke pain.
54

  The initial 

event is thought to be a response to an acute inflammatory event or an environmental stressor and 

subsequently these nociceptors demonstrate hyperalgesic responses to further repeated (mild) 

stimuli.
54

  As exposure to environmental stressors may be one of the causes of hyperalgesic priming, 

psychosocial factors are important to consider in conditions like non-specific arm pain as previously 

demonstrated.
5
  The non-specific arm pain group in this study, on the whole, demonstrated low levels 

of disability and kinesiophobia and none of the pain or disability measures correlated with any 

sensory measures.  This finding is in line with previous research by Johnston and colleagues;
55

 

however, measures such as stress, anxiety and workstyle, which weren’t assessed in this study, may 

be important features to examine. 

 

There are a number of limitations associated with this study.  Participants in the cervical 

radiculopathy group were older than the other groups, which may have affected detection thresholds.  

However, interestingly, an effect of age was only identified for the component neural sensitization 

during between group comparisons of the components identified in factor analysis. There may also 

have been some validity in testing other measures of neural sensitivity, such as the straight leg raise, 

to facilitate differentiation between local neural sensitivity of the upper limb and more generalised 

sensitization.  

In conclusion, the findings from this study are important in providing a better understanding of the 

possible pathophysiological mechanisms in non-specific arm pain.  These results should guide 

clinicians to assess for the possible presence of general sensitization e.g. to cold, heat and pressure as 

well as neural sensitization in these patients, alongside screening for neuropathic pain.  The basis for 

the classification of neuropathic pain in the majority of non-specific arm pain participants should be 

carefully considered.  Finally, in terms of intervention, this research would support the basis for 

interventions which target widespread sensitization and neural tissue sensitization, while those which 

potentially aggravate an already sensitised state should be avoided.  However, further research is 

warranted into the effectiveness of various interventions in this group.  

 



Competing Interests  

No conflict of interests exists. 

 

Acknowledgements 

The authors would like to thank Mr Max Zusman for his input regarding pain neurobiology and Dr 

Tim Grant for statistical advice. The authors would also like to acknowledge the valuable feedback 

provided by Professor Louise Ada, Professor Kathryn Refshauge and Dr Andrew Leaver during 

manuscript preparation.  

This research was funded by the Irish Research Council for Science, Engineering and Technology, 

Chartered Physiotherapists in Musculoskeletal Therapy, Ireland and Chartered Physiotherapists in 

Occupational Health and Ergonomics, Ireland. 

 

 

 

References  
 

1. Huisstede BM, Bierma-Zeinstra SM, Koes BW, Verhaar JA. Incidence and prevalence of upper-

extremity musculoskeletal disorders. A systematic appraisal of the literature. BMC 
Musculoskeletal Disorders 2006;7(7). 

2. Walker-Bone K, Palmer KT, Reading I, Coggon D, Cooper C. Prevalence and impact of 

musculoskeletal disorders or the upper limb in the general population. Arthritis and 
Rheumatism 2004;51(4):642-51. 

3. Harrington J, Carter J, Birrell L, Gromptez D. Surveillance case definitions for work related upper 

limb pain syndromes. Occupational and Environmental Medicine 1998;55:264-71. 

4. Greening J, Lynn B, Leary R. Sensory and autonomic function in the hands of patients with non-
specific arm pain (NSAP) and asymptomatic office workers. Pain 2003;104:275-81. 

5. Henderson M, Kidd BL, Pearson RM, White PD. Chronic Upper Limb Pain: An Exploration of the 

Biopsychosocial Model. The Journal of Rheumatology 2005;32(1):118-22. 
6. Moloney N, Hall T, Doody CM. Pathophysiology in non-specific arm pain. Physical Therapy 

Reviews 2011. 

7. Byng J. Overuse syndromes of the upper limb and the upper limb tension test: a comparison 
between patients, asymptomatic keyboard workers and asymptomatic non-keyboard workers. 

Manual Therapy 1997;2(3):157-64. 

8. Elvey RL, Quintner JL. A clinical study of RSI. Australian Family Physician 1986;15:1312-14. 

9. Greening J, Dilley A, Lynn B. In vivo study of nerve movement and mechanosensitivity of the 
median nerve in whiplash and non-specific arm pain patients. Pain 2005;115:248-53. 

10. Sterling M, Treleaven J, Jull G. Responses to a clinical test of mechanical provocation of nerve 

tissue in whiplash associated disorder. Manual Therapy 2002;7(2):89-94. 
11. Voerman VF, van Egmond J, Crul BJP. Elevated detection thresholds for mechanical stimuli in 

chronic pain patients: support for a central mechanism. Archives of physical and medical 

rehabilitation 2000;81. 

12. Jensen BR, Pilegaard M, Momsen A. Vibrotactile sense and mechanical functional state of the 
arm and hand among computer users compared with a control group 

. International Archives of  Occupational and Environmental Health 2002;75:332-40. 

13. Tucker AT, White PD, Kosek E, Pearson RM, Henderson M, Coldrick AR, et al. Comparison of 
vibration perception thresholds in individuals with diffuse upper limb pain and carpal tunnel 

syndrome. Pain 2007;127:263-69. 



14. Johnston V, Jimmieson NL, Jull G, Souvlis T. Quantitative sensory measures distinguish office 

workers with varying levels of neck pain and disability. Pain 2008;137:257-65. 
15. Chien A, Sterling M. Sensory hypoaesthesia is a feature of chronic whiplash but not chronic 

idiopathic neck pain. Manual Therapy 2010;15:48-53. 

16. Chien A, Eliav E, Sterling M. Hypoesthesia occurs in acute whiplash irrespective of pain and 

disability levels and the presence of sensory hypersensitivity. Clinical Journal of Pain 
2008;24(9):759-66. 

17. Chien A, Eliav E, Sterling M. Whiplash (grade II) and cervical radiculopathy share a similar 

sensory presentation: An investigation using quantitative sensory testing. Clinical Journal of 
Pain 2008;24(7):595- 603. 

18. Jensen R, Hystad T, Kvale A, Baerheim A. Quantitative sensory testing of patients with long 

lasting patellofemoral pain syndrome. European Journal of Pain 2007;11(6):665-76. 
19. Freynhagan R, Rolke R, Baron R, Tolle TR, Rutjes A, Schu S, et al. Pseudoradicular and radicular 

low- back pain- A disease continuum rather than different entities? Answers from quantitative 

sensory testing. Pain 2008;135(1-2):65-74. 

20. Nijs J, Van Houdenhove B, Oostendorp RAB. Recognition of central sensitization in patients with 
musculoskeletal pain: Application of pain neurophysiology in manual therapy practice 

. Manual Therapy 2010;15(3):135-41. 

21. Wainner LR, Fritz JM, Irrgang JJ, Boninger ML, Delitto A, Allison CS. Reliability and diagnostic 
accuracy of the clinical examination and patient self-report measures for cervical 

radiculopathy. Spine 2003;28(1):52-62. 

22. Boocock MG, Collier JM, McNair PJ, Simmonds M, Larmer PJ, Armstrong B. A Framework for 
the Classification and Diagnosis of Work- Related Upper Extremity Conditions: Systematic 

Review. Seminars in Arthritis and Rheumatism 2009;38:296-311. 

23. Agostinho CMS, Scherens A, Richter H, Schaub C, Rolke R, Treede R-D, et al. Habituation and 

short-term repeatability of thermal testing in healthy human subjects and patients with chronic 
non-neuropathic pain. European Journal of Pain 2009;13:779-85. 

24. Butler DS. The Sensitive Nervous System. Adelaide: Noigroup Publications, 2000. 

25. Radhakrishnan K, Litchy W, O’Fallon W, Kurland L. Epidemiology of cervical radiculopathy. A 
population- based study from Rochester, Minnesota, 1976 through 1990. Brain 1994;117(Pt 

2): 325-35. 

26. Rubinstein SM, Pool JJM, van Tulder MW, Riphagen II, de Vet HCW. A systematic review of the 

diagnostic accuracy of provocative tests of the neck for diagnosing cervical radiculopathy 
. Eur Spine J 2007;16:307-19 

. 

27. Bono CM, Ghiselli G, Gilbert TJ, Kreiner DS, Reitman C, Summers JT, et al. An evidence-based 
clinical guideline for the diagnosis and treatment of cervical radiculopathy from degenerative 

disorders. THe Spine Journal 2011;11:64-72. 

28. Moloney N, Hall T, Doody C. An investigation of somatosensory profiles in work related upper 
limb disorders: A case control observational study protocol. BMC Musculoskeletal Disorders 

2010;11(22). 

29. Hansson P, Backonja M, Bouhassira D. Usefulness and limitations of quantitative sensory testing: 

Clinical and research application in neuropathic pain states. Pain 2007;129:256-59. 
30. Moloney N, Hall T, Doody C. Reliability of thermal quantitative sensory testing: A systematic 

review. Journal of Rehabilitation, Research and Development 2012;49(2):191-208. 

31. Moloney N, O'Sullivan T, Hall T, Doody C. Reliability in thermal quantitative sensory testing of 
the hand in a cohort of young healthy adults. Muscle and Nerve 2011;44(4):547-52. 

32. Geber C, Klein T, Azad S, Birklein F, Gierthmühlen J, Huge V, et al. Test-retest and interobserver 

reliability of quantitative sensory testing according to the protocol of the German Research 
Network on Neuropathic Pain (DFNS): a multi-centre study. Pain 2011;152(3):548-56. 

33. Bennett M. The LANSS Pain Scale: the Leeds assessment of neuropathic symptoms and signs. 

Pain 2001;92(1-2):147-57. 

34. Kori S, Miller R, Todd D. Kinesphobia: a new view of chronic pain behaviour. Pain Management 
1990;3(35-43). 



35. Vlaeyen JWS, Kole-Snijders AMJ, Boeren RGB, van Eek H. Fear of movement/( re) injury in 

chronic low back pain and its relation to behavioral performance. Pain 1995;62:363-72. 
36. Kitis A, Celik E, Aslan UB, Zencir M. DASH questionnaire for the analysis of musucloskeletal 

symptoms in industrial workers: A validity and reliability study. Applied Ergonomics 

2009;40:251-55. 

37. McGill R. The short - form McGill pain questionnaire. Pain 1987;30:191-97. 
38. Greening J, Lynn B. Vibration sense in the upper limbs of patients with RSI and at risk workers. 

International Archives of Occupational and Environmental Health 1998;71:29-34. 

39. Apkarian A, Stea R, Bolanowski S. Heat-induced pain diminishes vibrotactile perception: a touch 
gate. Somatosensory Motor Research 1994;11(3):259-67. 

40. Schmid AB, Soon BT, Wasner G, Coppieters MW. Can widespread hypersensitivity in carpal 

tunnel syndrome be substantiated if neck and arm pain are absent? European Journal of Pain 
2011;Article in Press. 

41. Martin CL, Waberski BH, Pop-Busui R, Cleary PA, Catton S, Albers JW, et al. Vibration 

Perception Threshold as a Measure of Distal Symmetrical Peripheral Neuropathy in Type 1 

Diabetes: Results from the DCCT/EDIC study. Diabetes Care 2010;33:2635-41. 
42. Jepsen JR. Upper limb neuropathy in computer operators? A clinical case study of 21 patients. 

BMC Musculoskeletal Disorders 2004;5(26). 

43. Hall T, Quintner JL. Responses to mechanical stimulation of the upper limb in painful cervical 
radiculopathy. Australian Journal of Physiotherapy 1996;42(4):277-85. 

44. Dilley A, Lynn B, Pang SJ. Pressure and stretch mechanosensitivity of peripheral nerve fibres 

following local inflammation of the nerve trunk. Pain 2005;117:462-72. 
45. Quintner JL, Elvey RL. Understanding "RSI": A review of the role of peripheral neural pain and 

hyperalgesia. The Journal of Manual and Manipulative Therapy 1993;1(3):99-105. 

46. Haanpää M, Attal N, Backonja M, Baron R, Bennett M, Bouhassira D, et al. NeuPSIG guidelines 

on neuropathic pain assessment. Pain 2011;152(1):14-27. 
47. Sterling M, Jull G, Vicenzino B, Kenardy J. Sensory hypersensitivity occurs soon after whiplash 

injury and is associated with poor recovery. Pain 2003;104:509-17. 

48. de la Llave-Rincon A, Fernandez-de-Las-Penas C, Fernandez-Carnero J, Padua L, Arendt-Nielsen 
L, Pareja JA. Bilateral hand/wrist heat and cold hyperalgesia, but not hypoaesthesia, in 

unilateral carpal tunnel syndrome. Experimental Brain research 2009;198:455-63. 

49. Goldsmith R, Wright C, Bell SF, Rushton A. Cold hyperalgesis as a prognostic factor in whiplash 

disorders: A systematic review. Manual Therapy 2012;17:402-10. 
50. van Eijsden-Besseling MDF, van der Bergh KA, Staal JB, De Bie RA, van der Heuvel WJ. The 

course of non-specific work-related upper limb disorders and the influence of demographic 

factors, psychologic factors and physical fitness on clinical status and disability. Arch Phys 
Med Rehabil 2010;91:862-67. 

51. Eisenhut M, Wallace H. Ion channels in inflammation. European Journal of Physiology 

2011;461:401-21. 
52. Barbe MF, Elliott MB, Abdelmagid SM, Amin A, Popoff S, Safadi F, et al. Serum and tissue 

cytokines and chemokines increase with repetitive upper extremity tasks. Journal of 

Orthopaedic Research 2008;26:1320-26. 

53. Elliott MB, Barr AE, Clark BD, Amin M, Amin S, Barbe MF. High force reaching task induces 
widespread inflammation, increased spinal cord neurochemical and neuropathic pain. 

Neuroscience 2009;158:922-31. 

54. Reichling DB, Levine JD. Critical role of nociceptor plasticity in chronic pain. Trends in 
Neuroscience 2009;32(12):611-18. 

55. Johnston V, Jimmieson NL, Jull G, Souvlis T. Contribution of individual, workplace, 

psychosocial and physiological factors to neck pain in female office workers. European 
Journal of Pain 2009;13:985-91. 

 

 



Figure Legends 

Figure 1 Study design 
 

Figure 2 Neurodynamic testing: range of elbow extension 

 

Figure 3 Neurodynamic testing: numerical pain rating 

 

 

Table Legends 
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Table 2 QST comparisons between groups non-specific arm pain, cervical radiculopathy and controls 
 

Table 3 QST comparisons between unilateral non-specific arm pain (asymptomatic and symptomatic 

limbs) (n = 32) and controls (n = 40) 

 
Table 4 Self reported pain and disability questionnaires: Median (IQR) and results from Mann-
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