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Abstract 

 

There is no clear understanding of the mechanisms causing persistent pain in patients with 

whiplash associated disorder (WAD). The aim of this systematic review was to assess the 

evidence for nerve pathology and neuropathic pain in patients with WAD. EMBASE, 

PubMed, CINAHL (EBSCO), and MEDLINE were searched from inception to 1st September 

2020. Study quality and risk of bias were assessed using the Newcastle-Ottawa Quality 

Assessment Scales. Fifty-four studies reporting on 390,644 patients and 918 controls were 

included. Clinical questionnaires suggested symptoms of predominant neuropathic 

characteristic in 34% of patients (range 25-75%). Mean prevalence of nerve pathology 

detected with neurological examination was 13% (0-100%) and 32% (10-100%) with 

electrodiagnostic testing. Patients independent of WAD severity (Quebec Task Force grades 

I-IV) demonstrated significantly impaired sensory detection thresholds of the index finger 

compared to controls, including mechanical (SMD 0.65 [0.30;1.00] p< 0.005), current (SMD 

0.82 [0.25;1.39] p=0.0165), cold (SMD -0.43 [-0.73;-0.13] p=0.0204) and warm detection 

(SMD 0.84 [0.25;1.42] p=0.0200). Patients with WAD had significantly heightened nerve 

mechanosensitivity compared to controls upon median nerve pressure pain thresholds (SMD -

1.10 [-1.50;-0.70], p<0.0001) and neurodynamic tests (SMD 1.68 [0.92;2.44], p=0.0004). 

Similar sensory dysfunction and nerve mechanosensitivity was seen in WAD grade II, which 

contradicts its traditional definition of absent nerve involvement. Our findings strongly 

suggest a subset of patients with WAD demonstrate signs of peripheral nerve pathology and 

neuropathic pain. Although there was heterogeneity among some studies, typical WAD 

classifications may need to be reconsidered and include detailed clinical assessments for 

nerve integrity.  
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Introduction 

Whiplash associated disorders (WAD) commonly occur after motor vehicle crashes and often 

include signs and symptoms of pain, psychological distress, and sensory/motor dysfunction 

[97]. Currently, there is not a clear understanding of the mechanisms of persistent pain that 

occurs in approximately 50% of patients with WAD. Additionally, routine clinical testing and 

imaging do not typically identify a specific structural lesion causing pain or symptoms [24]. 

These clinical challenges are reflected by the overall small effects of current treatment 

strategies for these patients [122].  

 

WAD is commonly classified using the Quebec Task Force severity grading scale [71] that 

grades severity from O (no pain and physical signs of injury) to IV (neck 

fracture/dislocation). The most common type is WAD grade II [49; 95], which includes neck 

symptoms and musculoskeletal signs (e.g., tenderness and impaired neck movement) in the 

absence of a frank nerve injury on routine diagnostic testing (electrodiagnostic tests, 

traditional neurological examination). However, individual WAD grades can include a 

diverse range of clinical signs and symptoms [16; 49; 95].  

 

There is increasing evidence of nerve involvement and neuropathic pain in patients with 

chronic WAD. This includes sensory hypoaesthesia [17; 18], signs of nerve inflammation on 

magnetic resonance imaging (MRI) [44], and structural degeneration of small nerve fibres in 
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skin biopsies [32]. Additionally, clinical questionnaires have identified some patients 

reporting neuropathic pain characteristics after whiplash injury [89; 106]. In line with these 

findings, a recent feasibility trial using a first-line neuropathic pain medication (pregabalin) 

for patients after acute whiplash injury showed short-term improvements in neck pain 

intensity when compared to placebo [70].  

 

The presence of nerve pathology would have important implications for the management of 

patients with WAD. Compared to other chronic pain conditions, people with neuropathic pain 

experience greater impairments to quality of life and emotional wellbeing [3; 37]. 

Neuropathic pain and nerve pathology would also require targeted treatment approaches (e.g., 

neuropathic pain medication, specific physiotherapy methods) compared to non-neuropathic 

pain conditions [4]. Although there is emerging evidence, the involvement of nerve injury 

and neuropathic pain in WAD is not well understood. Thus, this systematic review aimed to 

assess whether there are indications of nerve pathology and neuropathic pain in patients after 

a whiplash injury. 

 

 

Methods 

This review was preregistered on Prospero CRD42020211255; 

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020211255) and was 

reported following the updated guidance for the Preferred Reporting Items for Systematic 

reviews and Meta-Analyses (PRISMA 2020) statement [74]. 

 

1. Eligibility 
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This review included observational studies (cross-sectional, cohort, and case-control) 

including measures of neuropathic pain and/or peripheral nerve pathology following motor 

vehicle crashes resulting in whiplash injuries. Studies were included if they reported on both 

1) participants with WAD of any severity grade or duration; and  2) participants in whom 

measures of peripheral nerve pathology or neuropathic pain were reported. These could 

include a. Electrodiagnostic testing (e.g., nerve conduction, electromyography studies); b. 

Clinical examination findings of nerve pathology indicating loss of function (e.g., bedside 

neurological examination including muscle testing, sensory testing, reflexes); c. Quantitative 

sensory testing (specifically sensory measures of loss of function: mechanical, thermal, 

electrical detection); d. sympathetic reflexes (e.g., sympathetic skin responses); e. tests 

evaluating nerve mechanosensitivity (e.g., neurodynamic tests, pressure pain thresholds over 

peripheral nerves); f. imaging of neural structures (e.g., MRI, ultrasound); g. clinical 

questionnaires indicative of neuropathic pain (e.g., Self-complete Leeds Assessment of 

Neuropathic Symptoms and Signs (S-LANSS), Douleur Neuropathique 4 (DN4), 

Neuropathic Pain Symptom Inventory (NPSI)); h. grading systems or diagnostic codes 

suggesting the presence of nerve injury or neuropathic pain (e.g., NeuPSIG grading system, 

International Classification of Diseases (ICD) codes). Measures of peripheral nerve 

pathology or neuropathic pain had to be reported such that they could be either interpreted as 

stand-alone measures (e.g, bedside neurological testing, diagnostic codes), compared to a 

control group (e.g., QST) or previously published normative values (e.g., electrodiagnostic 

testing). 

 

Exclusion criteria comprised studies not published in English, case series, conference 

abstracts and randomised controlled trials. Additionally, articles reporting on any of the 

following participant characteristics were excluded: 1) participants diagnosed with a central 
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nervous system disorder or pathology (e.g., spinal cord injury, traumatic brain injury); 2) 

participants less than 18 years old; 3) participants with a previous diagnosis of peripheral 

neuropathy. 

 

2. Search Strategy 

EMBASE, PubMed, CINAHL (EBSCO), and MEDLINE were searched from inception to 1st 

September 2020. A search strategy was developed by the study team in consultation with a 

medical librarian. The search strategies are provided in Supplemental Table S1 (available at 

http://links.lww.com/PAIN/B520). 

 

3. Screening 

Initial study eligibility was screened by one reviewer (JF) using titles/abstracts. Full texts 

were then reviewed by two independent reviewers (JF and MK). Disagreements in selection 

were resolved by consensus or consultation with a third reviewer (AS). Grey literature was 

searched for any additional articles by screening reference lists, theses (EThOS database), 

and policy documents. All studies were downloaded into EndNote referencing software 

(Clarivate, US) and duplicates were removed.  

  

4. Data extraction 

Data were extracted into a standardised excel spreadsheet developed and piloted by the study 

team. Extracted data included study characteristics (author, year, study design), sample size 

(WAD and controls), type and chronicity of WAD, the instrument or tool used to identify 

neuropathic pain/nerve pathology, as well as the type of outcome measures of neuropathic 

pain/nerve pathology in patients and healthy controls.  
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When possible, mean values and standard deviations (SD) relating to measures of 

neuropathic pain and nerve pathology were extracted for patients and healthy controls. 

Extracted data lacking a control group was compared to published normative values (e.g, 

questionnaire cut-off scores, electrodiagnostic testing) or to referenced diagnostic criteria 

(e.g., ICD codes). Where included information was unclear, we attempted to contact the 

authors to obtain the necessary information. If studies reported alternative summary statistics, 

means and SD were transformed using recommended calculations [117]. Graphically 

reported means and SD were estimated using Plot Digitizer software [54], as recommended 

by the Cochrane Handbook [52]. Data were extracted by one reviewer (JF) and independently 

checked by another reviewer (MK).  

 

We further categorised studies (not individual patients) according to the Neuropathic Pain 

Grading System published by the Neuropathic Pain Special Interest Group of the 

International Association for the Study of Pain [37] to gather information about the certainty 

of neuropathic pain. Data extraction included details regarding each criterion on the grading 

system. Possible neuropathic pain included a history suggesting relevant neurologic lesion 

and a neuroanatomically plausible pain distribution. We assumed the history of a whiplash 

injury itself has the potential to include nerve involvement for a subset of patients [71] and 

that pain referral to the neck or upper limbs is neuroanatomically plausible as the forces 

acting on the neck could affect neural structures multisegmentally [12; 24]. Probable 

neuropathic pain included negative sensory signs in the same neuroanatomically plausible 

distribution, such as identified with quantitative sensory testing or bedside neurological 

examination. Definite neuropathic pain included a diagnostic test confirming a lesion or 

disease of the somatosensory nervous system explaining the pain, such as electrodiagnostic 

tests and imaging of neural structures. A grading of the next higher category could only be 
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reached if the previous categories were met. If diagnostic tests confirmed a nerve lesion on 

diagnostic tests (e.g., MRI) but sensory signs were not assessed, we classed these studies into 

a separate category of ‘nerve pathology’.  

 

5. Quality assessment  

Study quality and risk of bias were assessed using the Newcastle-Ottawa Quality Assessment 

Scales (NOS) for case-control and longitudinal cohort studies. These are scored from zero to 

nine for the categories of study selection, comparability, and exposure or outcome. For cross-

sectional studies, an adapted NOS [120] was used, which is scored out of 10. The NOS 

classifies the risk of bias of observational studies on an increasing scale, with higher scores 

reflecting a lower risk of bias. Whereas no recommended cut-offs exist for case-control and 

cohort studies, NOS cross-sectional studies were interpreted using a previously described 

method [120] with scores from 0–3 indicating high risk, 4–7 as moderate risk, and 8–10 as 

low risk. Two independent reviewers assessed each study for risk of bias (JF and MK). 

Disagreements between reviewers were resolved through consensus or by mediation of a 

third reviewer (AS). 

 

6. Data synthesis and analysis 

Results not included in the meta-analyses are described using narrative synthesis of nerve 

pathology or neuropathic pain measures. We used the Guidance on the Conduct of Narrative 

Synthesis in Systematic Reviews: A Product from the ESRC Methods Programme (2006) to 

report our findings [77].  

 

If data were available for the same outcome measure from at least 2 studies using similar 

assessment methodology, meta-analysis was performed. Two meta-analyses were performed: 
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1) summarising overall data from all studies independent of WAD grade and 2) summarising 

studies only including patients with WAD I-II who per definition should not demonstrate 

nerve pathology [71]. If outcome measures from at least two studies examined more than one 

anatomical site (e.g., detection thresholds at finger and neck), each site was meta-analysed 

separately. If studies reported outcome measures for both right and left sides in the same 

participants, pooled means and SD were reported to avoid inflation during meta-analysis.  

 

All statistical calculations were performed using the freely available software R [113] and 

RStudio [114] using the packages ‘Meta’ and ‘Metafor’ [47]. For estimated prevalence data, 

means and ranges were reported. For continuous data, group means, SD, and sample sizes 

were used to calculate standardised mean differences (SMD) and 95% confidence intervals 

(CI). P-values and I2 heterogeneity were also reported.  

 

Random effects models and inverse variance weighting methods were used to account for the 

variability of included studies. Statistical significance between patients and healthy control 

participants was determined using t-tests with a pre-registered significance cut-off of p-value 

< 0.05. The Hartung-Knapp adjustment for random effects model and Hedges’ g bias 

correction for standardised mean difference were used. Sidik-Johnkman estimator for tau2 

adjusted for between study variance. As a very small number of studies can make it 

impossible to estimate the between-studies variance with precision, a fixed effects model was 

used if only 2 studies were meta-analysed [9]. Heterogeneity was calculated using I2 statistics 

and interpreted as ‘might not be important’ (0-40%), ‘moderate’ (30-60%), ‘substantial ‘(50-

90%), and ‘considerable’ (75-100%) [52].  
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Results 

The search identified 1,914 non-duplicate citations for abstract/titles screening. A total of 178 

articles were screened for full-text eligibility. A total of 54 studies reporting on n=390,644 

patients and n=918 controls were included in this review (Figure 1). The main reason for 

study exclusion was the absence of a direct measure of nerve pathology or neuropathic pain 

(82 studies). We attempted to contact the authors of two studies for details regarding 

inclusion criteria and study methodology [85; 116]. As we did not receive any responses, 

these studies were not included in this review. 

 

Detailed study characteristics can be seen in Table 1 and Supplemental Table S2 (available at 

http://links.lww.com/PAIN/B520). The studies included a range of observational designs (22 

cross-sectional, 28 cohort, four case-control), and reported on sample sizes between n=9 and 

n=384,539 patients/controls. The average age of WAD participants was 37.67 (SD 2.25) 

years and 42.7% were female. 

  

Thirty-two of the 54 included studies (59%) reported the grade of WAD severity using the 

Quebec Task Force grading scale (0-4) [71]. The most commonly reported was WAD grade 

II (7 studies, n=307 total patients) followed by the combination of grades II-III (6 studies, 

n=408 total patients) and grades I-III (5 studies, n=283 total patients).  

 

Sensory detection measures were identified for six major body sites. We grouped outcomes 

recorded over the thenar eminence, phalange I and metacarpophalangeal joint I into a meta-

analysis for ‘thumb’; the phalanges II and metacarpophalangeal joint II into a meta-analysis 

for ‘index finger’; and the phalanges V and hypothenar muscle into a meta-analysis for ‘little 
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finger’. Two studies [90; 121] reported outcome measures using separated values for right 

and left sides, which were pooled to avoid inflation during meta-analysis.   

 

Quality assessment 

NOS is summarised in Supplemental Table S3 (available at 

http://links.lww.com/PAIN/B520). The median score was 7 (range 3-10) for cross-sectional 

studies, 5 (range 3-8) for cohort studies, and 5.5 (range 5-6) for case-control studies 

indicating a moderate risk of bias on average, with studies ranging from low to high risk of 

bias. The comparability of subjects and controls based on study design was the most common 

limitation. The total score agreement between raters was 87.7%.   

 

Evidence of nerve pathology and neuropathic pain in WAD I-IV 

In total, 19 assessments were utilised to assess neuropathic pain or peripheral nerve 

pathology. The use of normative values was not required as all meta-analysed studies 

included their own control groups.  

 

The findings of studies including all WAD severity grades (I-IV) are categorised by type of 

outcome measure (Figure 2 and Supplemental Table S4, available at 

http://links.lww.com/PAIN/B520).  Mechanical, current, and thermal detection thresholds 

were measured at multiple sites including the thumb, index finger, little finger, upper 

trapezius muscle, and anterior tibialis muscle and were meta-analysed separately. Neural 

mechanosensitivity of the median nerve included data on upper limb neurodynamic testing 

(measured as degrees of elbow flexion) and pressure pain thresholds measured over 

peripheral nerves (PPT; using an algometer). Individual studies that reported participant 
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subcategories (e.g., mild pain vs moderate/severe pain, recovered vs non-recovered, etc) were 

indicated in the analyses.  

 

The most commonly used assessments for nerve pathology after whiplash injury were PPT 

over peripheral nerves and nerve palpation (17 studies, [2; 15-18; 44; 45; 75; 88; 90; 91; 96; 

101-105]), electrodiagnostic testing (16 studies, [2; 11; 12; 19; 20; 22; 50; 56; 57; 62; 67; 68; 

73; 83; 94; 115]), and clinical neurological examination (16 studies, [2; 32; 44; 55; 58; 62; 

66; 73; 76; 79; 80; 92; 107-110]. Four studies [101; 102; 104; 105] assessed sympathetic 

vasoconstrictor responses. Two studies used diagnostic ICD-9 coding for nerve injury and 

involvement [7; 83]. Additional assessments of nerve pathology from single studies included 

cutaneous silent periods [62], laser evoked potentials [43], intraepidermal nerve fibre density 

[32], MRI [44], and ultrasound [45] (Table 1 and Supplemental Table S4, available at 

http://links.lww.com/PAIN/B520). 

 

Prevalence of neuropathic pain 

The prevalence of neuropathic pain signs and symptoms was determined in five studies by 

two questionnaires (S-LANSS and DN4). The prevalence scores indicating the presence of 

neuropathic pain characteristics had a mean of 34% (range 25-75%, n=208 in all grades of 

WAD severity [32; 44; 89; 90; 106]. Two studies used the NPSI to evaluate the severity of 

neuropathic pain symptoms with a median score of 3 out of 10 (interquartile range: 6, n=20) 

[89] and mean score of 26.1 out of 100 (SD 18.3, n=24) [32]. See Table 1 and Supplemental 

Table S4 for a summary of study assessments and outcomes (available at 

http://links.lww.com/PAIN/B520). 

 

ACCEPTED

8 8Copyright � by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.            2021



 13

Table 2 includes a summary of the certainty of neuropathic pain for each study according to 

the neuropathic pain grading system. Five studies (9.3%) included sufficient tests so that a 

grading of definite neuropathic pain could be reached at least in a subgroup of patients. 

Nineteen studies (35.2%) could reach a grading of probable and 18 (33.3%) of possible 

neuropathic pain. Results from 12 studies (22.2%) were classed as ‘nerve pathology’ as the 

absence of sensory testing in the presence of a confirmatory diagnostic tests prevented a firm 

conclusion of definite neuropathic pain. 

 

 

Prevalence of nerve pathology 

The mean prevalence of nerve pathology identified by clinical examination varied according 

to the assessment used: neurological examination was 13% (range 0-100%, n=1,885)  [2; 32; 

44; 55; 58; 62; 66; 73; 76; 79; 80; 92; 107-110]) and electrodiagnostic testing was 32% 

(range 10-100%, n=3,921) [2; 11; 12; 19; 20; 22; 50; 56; 57; 62; 67; 68; 73; 83; 94; 115]). 

ICD-9 codes related to nerve pathology and nerve injury included n=384,617 patients from 

two studies with a nerve injury mean prevalence of 1% (range 1-100%) [7; 83].  

 

Mechanical Detection 

All three locations where vibration detection thresholds were reported demonstrated 

significantly impaired vibration thresholds in patients compared to controls (Figure 2a). This 

difference was significant at all locations measured in the hand, including the thumb (SMD 

0.51 [0.29; 0.74] p=0.0032, I2 = 0%), index finger (SMD 0.65 [0.30; 1.00] p<0.005, I2 = 

25%), and little finger (SMD 0.45 [0.13; 0.78] p=0.0183, I2 = 7%) compared to controls with 

heterogeneity that may not be considered important. One study showed a statistically 
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significant decrease in mechanical detection thresholds using von Frey hairs but not 

mechanical pain threshold at the index finger compared to healthy controls (Table 1) [32]. 

 

Current Detection 

Studies measuring current detection thresholds found significant differences at the index 

finger (SMD 0.82 [0.25; 1.39] p=0.0165, I2 =67%), little finger (SMD 0.84 [0.05; 1.64] 

p=0.0425, I2 =82%), and elbow (SMD  0.49 [0.06; 0.92] p=0.0337, I2 = 43%). However, the 

current detection threshold over the tibialis anterior muscle was not statistically significant 

between patients and controls (SMD 0.58 [-0.60; 1.75] p=0.2435, I2 = 91%). All current 

detection measures had moderate to considerable between study heterogeneity (Figure 2b).  

 

Thermal Detection 

In total, six studies measured thermal detection in multiple upper extremity locations (Figure 

2c). Cold detection thresholds were significantly impaired at the thumb (SMD     -0.66 [-1.08; 

-0.24] p=0.0023, I2=57%), index finger (SMD -0.43 [-0.73; -0.13] p=0.0204, I2 =0%), and 

trapezius muscle (SMD -0.51 [-0.93; -0.10] p= 0.0154, I2=0%), but not at the little finger 

(SMD -0.46 [-0.96; 0.04] p=0.0574, I2 = 0%) in patients compared to controls. 

Warm detection thresholds showed significant impairments at the thumb (0.51 [0.10; 0.93] 

p=0.0161, I2=0%), index finger (SMD 0.84 [0.25; 1.42] p=0.0200, I2 = 49%), and trapezius 

muscle (SMD 0.45 [0.04; 0.87] p=0.0329, I2=0%), but not at the little finger (SMD 0.68 [-

0.24; 1.61] p=0.0866, I2 = 53%). Between-study heterogeneity ranged from not considered 

important to moderate. Thermal detection thresholds at the tibialis anterior muscle were 

measured in one study [121], which found a significant impairment in left-sided but not right-

sided warm detection compared to controls. 
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Neural Mechanosensitivity 

Eight studies and a total of n=527 patients and n=389 healthy controls were included in the 

neural mechanosensitivity meta-analysis. A significant difference is seen in both elbow range 

of motion during median nerve neurodynamic testing (SMD 1.68 [0.92; 2.44], p=0.0004, I2 = 

91%) and PPT over the median nerve at the elbow (SMD -1.10 [-1.50; -0.70], p<0.0001, I2 

=78%) compared to controls (Figure 2d); both with considerable between-study 

heterogeneity. The average proportion of patients who reported symptom reproduction upon 

median nerve palpation was 91% (range 67-100%, n=56 total patients) [2; 44; 45] and 94% 

(range 78-100%, n=50 total patients) upon brachial plexus palpation [44; 45; 65]. 

 

Other assessments 

Four studies (n=293) [101; 102; 104; 105] assessed sympathetic vasoconstrictor response 

with a mean quotient of integral of 59.42 (SD 7.13) and sympathetic reflex quotient of 0.72 

(SD 0.70) listed in Supplemental Table S4 (available at http://links.lww.com/PAIN/B520). 

One study (n=20) assessing cutaneous silent periods found abnormalities suggestive of 

peripheral nerve involvement [62]. In contrast, another study (n=21) measuring laser evoked 

potentials did not find a difference between patients with WAD I-III and healthy controls 

[43]. Five additional studies used sensory testing parameters that were not comparable for 

meta-analysis [53; 69; 75; 108; 119] but most findings consistent with the presence of a 

sensory deficit; complete outcome details provided in Table 1. 

Two imaging studies both reported signs of nerve involvement. Using MRI, one study found 

greater T2 weighted signal intensity of the brachial plexus and median nerve at the wrist 

compared to controls [44]. Another imaging study using high frequency ultrasound identified 

biomechanical changes to median nerve excursion at the forearm and wrist [45]. Lastly, a 
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significant decrease in intraepidermal nerve fibre and dermal nerve bundle densities were 

apparent in skin biopsies of the index finger compared to controls [32].  

  

 

Evidence of nerve pathology and neuropathic pain in WAD II 

Eight studies reported separate data for patients classified as only WAD grade II and were 

sub-grouped for meta-analysis (Figure 2 and Supplemental Table S4, available at 

http://links.lww.com/PAIN/B520). Additional assessments of peripheral nerve pathology in 

WAD II included mechanical detection using von Frey hairs [32]; T2 weighted signal 

intensity of the peripheral nerves using MRI [44]; biomechanical changes to nerve excursion 

using high frequency ultrasound [45]; and structural intraepidermal nerve fibre and dermal 

nerve bundle density using skin biopsies [32].  

 

Prevalence of Neuropathic Pain 

Using the S-LANSS, mean prevalence scores indicating the presence of neuropathic pain 

characteristics were 34% (range 25-36%, n=123) in WAD II [32; 44; 90]. One study used the 

NPSI and reported a mean (SD) of 26.1 (18.3) out of 100 (n=24) [32].  

 

Using the IASP neuropathic pain grading system, two of the 8 studies (25%) had sufficient 

tests to reach the grade of definite neuropathic pain in at least a subgroup of patients. Results 

from three studies (38%) reached a grade of probable neuropathic pain and another three 

studies (38%) could reach a grade of possible neuropathic pain. As all studies included 

reports of pain and sensory testing, no studies were classed as ‘nerve pathology’ (Table 2). 

 

Mechanical Detection 

ACCEPTED

8 8Copyright � by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.            2021



 17

Vibration detection thresholds were measured at the thumb, index and little fingers (Figure 

2a). Overall, there were significantly impaired vibration detection thresholds at the thumb 

(SMD 0.55 [0.05; 1.06] p=0.0422, I2 = 0%) and index finger (SMD 0.71 [0.03; 1.38] p= 

0.0446, I2 = 53%), but no difference at the little finger (0.33 [-0.28; 0.94] p=0.1448, I2 =2%) 

compared to controls. Heterogeneity ranged from might not be important to moderate. As 

previously reported, one study including only WAD II found a significant reduction in 

mechanical detection using von Frey hairs but preserved mechanical pain at the index finger 

compared to controls [32].  

 

Current Detection 

Current detection thresholds of WAD II were significantly higher at the index finger (SMD 

0.52 [0.04; 1.00] p=0.0427, I2 = 0%) and elbow (SMD 0.26 [0.05; 0.47] p=0.0332; I2 = 0%), 

but not at the the little finger (SMD 0.42 [-0.18; 1.02] p=0.0961, I2 = 0%) or tibialis anterior 

muscle (SMD -0.06 [-0.57; 0.44] p=0.6537, I2 = 0%) compared to healthy controls (Figure 

2b). Overall heterogeneity was very low.  

 

Thermal Detection 

The previously described thermal detection thresholds for the index and little fingers included 

only WAD II and can be seen in Figure 2c.  

 

Neural Mechanosensitivity 

Six studies reported PPT of the median nerve at the elbow and four studies reported median 

nerve neurodynamic testing (Figure 2d). Compared to controls, there was significantly 

restricted elbow range of motion during median nerve neurodynamic testing (SMD 1.44 

[0.33; 2.55] p=0.0225, I2 = 90%) and lower median nerve PPT (SMD -1.23 [-1.78; -0.67] 
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p=0.0016, I2 =79%) in patients with WAD II. Both analyses demonstrate substantial 

heterogeneity. The proportion of patients who reported symptom reproduction upon nerve 

palpation of the brachial plexus and median nerve ranged from 78-88.9% and 55.6-66.7%, 

respectively in two studies (n=18) [44; 45].  

 

Other assessments 

Single studies using MRI, high frequency ultrasound and skin biopsies all found indications 

of nerve involvement (Table 1 and Supplemental Table S4, available at 

http://links.lww.com/PAIN/B520).  

 

 

Discussion  

Our systematic review including 54 studies in 390,644 patients suggests that after whiplash 

injury, a subset of people demonstrate signs of peripheral nerve injury and/or neuropathic 

pain. These findings were seen irrespective of whiplash severity grading, and importantly, 

were also present in WAD II. These data contradict the traditional definition of WAD II, 

which is defined by an absence of nerve involvement. The included studies utilised a varied 

set of clinical measures and questionnaires to identify signs of nerve pathology and 

neuropathic pain. The mean prevalence estimates of nerve pathology in WAD ranged from 

1% (ICD-9 codes) to 32% (electrodiagnostic testing). The prevalence of neuropathic pain 

determined with questionnaires ranged from 34% to 75%. Measures of nerve function 

revealed abnormalities in large nerve fibres apparent by the presence of muscle weakness, 

hyporeflexia, hypoaesthesia to light touch and vibration, and abnormal electrodiagnostic 

testing. Small nerve fibre pathology was recognised via reduced temperature, pin prick, 

current detection thresholds, and decreased intraepidermal nerve fibre density. Several studies 
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demonstrated heightened nerve mechanosensitivity, and imaging studies suggested altered 

nerve movement and structural abnormalities using high frequency ultrasound and MRI, 

respectively.  

 

 

Neuropathic pain is reported by a significant group of patients with WAD 

Pooled from four studies and 208 patients, the S-LANSS identified 34% of patients with 

predominant neuropathic pain characteristics. When using the DN4 questionnaire, one study 

found estimates of neuropathic pain as high as 75% in a smaller sample size (n=20) [89]. The 

prevalence of neuropathic pain appears in contrast to the low prevalence of nerve pathology 

from ICD-9 codes (1%). This disparity, though, is primarily based on one large retrospective 

study (n=384,539) using ICD-9 codes which only included peripheral nerve injuries in WAD 

that were present with an accompanying upper or lower extremity fracture [7]. Conversely, 

estimates of neuropathic pain from questionnaires closely align with clinical signs of nerve 

pathology identified during electrodiagnostic testing (32%). 

 

The neuropathic pain grading system [37] helps to determine the certainty of neuropathic 

pain. Unfortunately, no study used the grading system at individual patient level. We 

therefore performed retrospective grading at study level, thus providing information about at 

least a subset of patients. Thirty-five percent of studies reached a grading of probable 

neuropathic pain by providing evidence of sensory signs in the upper extremity or neck 

predominantly through quantitative sensory testing which is considered as an examination to 

detect sensory signs in the grading system [37]. Although sensory signs and symptoms were 

reported from neuroanatomically plausible areas, retrospective analysis cannot conclusively 

confirm these findings were a result of direct nerve involvement. Intriguingly though, 31% of 
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studies confirmed a lesion of the somatosensory nervous system through diagnostic tests 

(e.g., electrodiagnostic tests, MRI). As many of these studies (22%) did not include sensory 

testing, we took a conservative approach and only classified five (9.3%) as ‘definite’ 

neuropathic pain.   

 

Taken together, the data from questionnaires and retrospective neuropathic pain grading at 

study level suggest that a significant portion of patients with WAD experience at least 

probable neuropathic pain. This illustrates the importance of clinical screening for 

neuropathic pain symptoms in this population. 

 

 

Sensory loss of function is apparent across a range of modalities  

A hallmark of nerve pathology and peripheral neuropathic pain is the presence of sensory loss 

of function in the anatomical territory of the suspected lesion of the peripheral nervous 

system [37]. We did not include gain of function measures (thermal and mechanical pain 

thresholds, wind-up ratios, etc) as hyperalgesia is not only a feature of neuropathic but also 

nociceptive [14; 36] or nociplastic pain [8; 21]. Overall, the sensory testing results show a 

loss of function affecting both large (vibration, light touch) and small nerve fibres 

(temperature) in patients with WAD compared to healthy controls. Sensory dysfunction was 

present throughout the entire upper extremity, but most consistently seen in the thumb and 

index finger. Lower extremity sensory assessment included current and thermal detection 

thresholds at the tibialis anterior, which was not significantly different from controls. This 

suggests there is reduced sensory function in the upper extremity in at least a subset of 

patients after whiplash injury.  

 

ACCEPTED

8 8Copyright � by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.            2021



 21

Similar findings of loss of function dominate a range of focal nerve injuries, including lumbar 

radiculopathy [112], carpal tunnel syndrome [6], and various traumatic peripheral nerve 

lesions [51]. As such, a direct nerve injury resulting from the collision may explain the 

identified loss of function. The theory that whiplash injury causes peripheral nerve injury in 

some patients is supported by sensory testing, neurological examination, and 

electrodiagnostic testing [15; 50; 80]. Both preclinical and clinical data suggest sensory 

hypoaesthesia [84] can occur as early as one week after peripheral nerve injury. These 

sensory abnormalities may indicate functional or structural nerve pathology, such as 

ischaemia [23; 111], demyelination or axon degeneration [46; 63]. In line with this 

hypothesis, a single study taking skin biopsies demonstrated structural nerve fibre loss in 

chronic WAD [32]. 

 

 

Alternatively, upper extremity sensory loss of function may be a downstream effect that 

develops from secondary mechanisms rather than from a direct nerve injury. Indeed, subtle 

sensory hypoaesthesia has been identified in non-neuropathic conditions [40; 64]. It has been 

speculated that such hypoaesthesia in the absence of an apparent nerve lesion could be 

attributed to central mechanisms [30], which are known to not only modulate painful but also 

non-painful sensory input [29; 64]. 

 

Another potential secondary mechanism that might explain sensory loss of function is 

inflammatory processes triggered after a motor vehicle crash [61; 99; 100]. Elevated systemic 

inflammation has previously been linked with widespread sensory hypoaesthesia in other 

painful conditions such as fibromyalgia [33] and complex regional pain syndrome [41]. 

Preclinical models of traumatic nerve injury suggest that pathological neuroinflammation has 
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a role in inducing axonal degeneration [48; 59]. This hypothesis is supported by radiological 

findings of increased T2 signal intensity of the brachial plexus and median nerve in patients 

with chronic WAD [44], which has been  interpreted as a clinical correlate of 

neuroinflammation [93]. Additionally, increased levels of serum inflammatory markers have 

been identified from patients with chronic WAD [99; 100]. 

As such, systemic or central mechanisms, in addition to direct traumatic nerve injury, may 

explain the reported sensory abnormalities in WAD. Further studies evaluating the temporal 

development and spatial distribution of neural loss of function could shed light on the nature 

of mechanisms driving the consistent sensory hypoaesthesia.  

 

Clinical findings of nerve mechanosensitivity are present in some patients after 

whiplash injury  

This review identified the presence of heightened median nerve mechanosensitivity to nerve 

elongation or pressure. Such nerve mechanosensitivity in patients is consistent with findings 

of nociceptive axonal mechanical sensitivity reported in animal models of localised 

peripheral neuroinflammation [10; 26; 42]. Although these findings may demonstrate nerve 

involvement, they do not necessarily confirm direct nerve pathology or neuropathic pain as 

nerve mechanosensitivity can also be present in patients without apparent nerve injury. 

Consistent with this, PPT over peripheral nerves has shown heightened sensitivity in both 

neuropathic [16; 34; 35] and traditionally non-neuropathic pain conditions, such as tension-

type headache [13] and epicondylalgia [35]. Furthermore, upper limb neurodynamic tests do 

not demonstrate diagnostic accuracy in detecting peripheral neuropathic pain [60] as they can 

be negative in patients with clear nerve involvement [5] or positive in patients with 

traditionally non-neuropathic conditions such as non-specific neck and arm pain [72] and 
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fibromyalgia [118]. Therefore, although the findings of heightened nerve mechanosensitivity 

in WAD are intriguing and warrant further exploration, care must be taken in their 

interpretation regarding neuropathic pain or structural nerve pathology. 

 

 

Neuropathic pain and nerve dysfunction is present irrespective of WAD severity 

grading  

Whereas the presence of nerve pathology and neuropathic pain may not be surprising in 

patients with WAD III (defined by the presence of neurological signs), our findings suggest 

there is nerve involvement even in some patients with WAD II. This was apparent by the 

self-reports of neuropathic pain in 34% of WAD II patients (LANSS) [32; 44; 90]. In 

addition, multiple measures showed abnormal findings, including reduced neural excursion 

on ultrasound [45] and increased T2 weighted signal intensity on MRI [44], reduced nerve 

fibre density from skin biopsy [45], and measures of sensory hypoaesthesia [16-18; 32]. Of 

note, the findings in the WAD II cohort were comparable to the analysis including all WAD 

grades, suggesting that the findings are not purely driven by more severe WAD grades.  

 

Our findings directly challenge the widely used Quebec Task Force definition, in which 

patients with WAD II are characterised by musculoskeletal signs including decreased range 

of motion and point tenderness in the absence of neurological deficits [71]. The Quebec Task 

Force classification system has long received criticism regarding its over-simplified 

classifications [25; 38] with suggestions to modify grade II [49]. Alternative classifications 

have been proposed incorporating recent advances in psychological and physiological 

variables related to recovery [28; 95]. Nevertheless, the original Quebec Task Force grading 

system remains popular because of its simplicity [98]. This may be contributing to the 
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diagnostic difficulties and challenges of targeting treatment especially for patients with WAD 

II, which is the most prevalent group of WAD severity [95]. Taking our findings into 

account, the current grading system likely oversimplifies a heterogenous group of patients 

which may require distinct treatment approaches.  

 

Clinical implications 

This review suggests that not all patients may fit the traditionally defined categories of WAD 

I–IV [71]. As we identified dysfunction in both the large and small nerve fibres, a 

comprehensive clinical neurological examination extending beyond the traditional light 

touch, muscle strength and reflex testing and including small fibre tests (e.g., thermal 

thresholds) is critical for these patients. Small fibre pathology has been shown to precede 

findings of inherent large fibre pathology in patients with focal nerve injury [86; 87], but this 

remains to be shown for patients with WAD. Furthermore, we may have to consider the 

sensitivity of the traditional neurological examination in detecting sensory loss. Our findings 

suggest that quantitative sensory testing methods demonstrate dysfunction in patients who are 

classified as having no neurological deficit upon routine clinical neurological examination 

(WAD II). It remains to be explored whether more sensitive detection of sensory changes 

impacts the prediction of patient outcomes or choice of intervention. Importantly, sensory 

changes in patients with WAD must be interpreted in the context of a careful clinical 

examination, taking other mechanisms such as nociplastic changes into account. 

 

An incomplete clinical assessment may also create dissonance between subjective reports of 

neuropathic symptoms that lack corresponding objective findings. Qualitative reports of 

patient challenges highlight difficulties with feeling understood or properly treated, which 

contribute to prolonged distress and trauma [81]. Similarly, some patients reported their 
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WAD symptoms did not match the management strategies suggested by their healthcare 

provider [82]. Including a detailed evaluation may improve personal patient challenges and 

may also help direct more targeted management strategies.  

 

Importantly, the management of neuropathic pain differs from nociceptive pain [27]. Current 

treatment guidelines for WAD II do not include management strategies for nerve-related 

pathology or neuropathic pain [1; 31]. Our findings suggest that this may need to be 

considered for a subset of patients. There are currently several efforts underway to examine 

the benefit of targeted neuropathic treatments for patients with WAD [39; 70] and results 

from preliminary studies may be promising [70]. Such studies are required to determine 

whether interventions targeting neuropathic pain and nerve pathology may be beneficial in a 

subset of patients.  

 

 

Limitations 

The primary limitations of this study are the overall risk of bias and some data heterogeneity. 

Many studies had a risk of bias, which was often due to small sample sizes and comparability 

of selected outcome groups. High data heterogeneity was seen in some meta-analyses, 

particularly regarding nerve mechanosensitivity. It is also important to consider potential 

publication bias. Negative findings for nerve pathology and neuropathic pain might be less 

likely to be reported. Lastly, limitations in generalisability involve the inclusion of only 

English language articles, single author screening for initial abstract eligibility, and that some 

meta-analyses included studies from only one research group. 

 

Conclusions 
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Our data suggest that nerve pathology and signs of neuropathic pain are present in a subset of 

patients after whiplash injury. Importantly, this included patients categorised as WAD grade 

II, who are traditionally classified by the lack of neurological signs. Therefore, including 

detailed clinical assessments and clinical screening for neuropathic pain and nerve pathology 

is recommended for patients with WAD. Future research including large prospective cohorts 

is needed to identify underlying mechanisms of nerve pathology and neuropathic pain and to 

evaluate whether targeting treatments at neuropathic pain and nerve pathology improves 

clinical outcomes of this specific subgroup of patients with whiplash injuries.  
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Figure legends 

 

 

Figure 1. PRISMA Flow Diagram 

 

 

Figure 2. Meta-analysis of detection threshold measures and neural mechanosensitivity. 

Studies are subgrouped based on the Quebec Task Force grading scale. Overall effects, 

standardised mean differences (SMD), 95% confidence intervals (CI), and I2 heterogeneity 
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are summarised for two meta-analyses: 1) including the overall data from all studies 

independent of WAD grades (“All”) and 2) for studies only including patients with grade II 

(“WAD II”). 

 

 

References: 

[1] State Insurance Regulatory Authority: Guidelines for the management of 

acute whiplash-associated disorders – for health professionals.  2014(Sydney - Third edition). 

[2] Alpar EK, Onuoha G, Killampalli VV, Waters R. Management of chronic pain in 

whiplash injury. J Bone Joint Surg Br 2002;84(6):807-811. 

[3] Attal N, Lanteri-Minet M, Laurent B, Fermanian J, Bouhassira D. The specific disease 

burden of neuropathic pain: results of a French nationwide survey. Pain 

2011;152(12):2836-2843. 

[4] Baron R, Binder A, Wasner G. Neuropathic pain: diagnosis, pathophysiological 

mechanisms, and treatment. Lancet Neurol 2010;9(8):807-819. 

[5] Baselgia LT, Bennett DL, Silbiger RM, Schmid AB. Negative Neurodynamic Tests Do 

Not Exclude Neural Dysfunction in Patients With Entrapment Neuropathies. Arch 

Phys Med Rehabil 2017;98(3):480-486. 

[6] Baskozos G, Sandy-Hindmarch O, Clark AJ, Windsor K, Karlsson P, Weir GA, 

McDermott LA, Burchall J, Wiberg A, Furniss D, Bennett DLH, Schmid AB. 

Molecular and cellular correlates of human nerve regeneration: ADCYAP1/PACAP 

enhance nerve outgrowth. Brain 2020;143(7):2009-2026. 

[7] Bekelis K, Missios S, Spinner RJ. Restraints and peripheral nerve injuries in adult victims 

of motor vehicle crashes. J Neurotrauma 2014;31(12):1077-1082. 

ACCEPTED

8 8Copyright � by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.            2021



 28

[8] Berwick RJ, Siew S, Andersson DA, Marshall A, Goebel A. A Systematic Review Into 

the Influence of Temperature on Fibromyalgia Pain: Meteorological Studies and 

Quantitative Sensory Testing. J Pain 2021. 

[9] Borenstein M, Hedges LV, Higgins JP, Rothstein HR. A basic introduction to fixed-effect 

and random-effects models for meta-analysis. Res Synth Methods 2010;1(2):97-111. 

[10] Bove GM, Ransil BJ, Lin HC, Leem JG. Inflammation induces ectopic mechanical 

sensitivity in axons of nociceptors innervating deep tissues. J Neurophysiol 

2003;90(3):1949-1955. 

[11] Bowles AO, Graves DE, Chiou-Tan FY. Distribution and extent of involvement in 

brachial plexopathies caused by gunshot wounds, motor vehicle crashes, and other 

etiologies: a 10-year electromyography study. Arch Phys Med Rehabil 

2004;85(10):1708-1710. 

[12] Braddom RL, Spitz L, Rivner MH. Frequency of radiculopathies in motor vehicle 

accidents. Muscle Nerve 2009;39(4):545-547. 

[13] Caamaño-Barrios LH, Galán-Del-Río F, Fernández-de-Las-Peñas C, Plaza-Manzano G, 

Arendt-Nielsen L, Ortega-Santiago R. Widespread Pressure Pain Sensitivity over 

Nerve Trunk Areas in Women with Frequent Episodic Tension-Type Headache as a 

Sign of Central Sensitization. Pain Med 2020;21(7):1408-1414. 

[14] Carlesso LC, Neogi T. Identifying pain susceptibility phenotypes in knee osteoarthritis. 

Clin Exp Rheumatol 2019;37 Suppl 120(5):96-99. 

[15] Chien A, Eliav E, Sterling M. Hypoesthesia occurs in acute whiplash irrespective of pain 

and disability levels and the presence of sensory hypersensitivity. Clin J Pain 

2008;24(9):759-766. 

ACCEPTED

8 8Copyright � by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.            2021



 29

[16] Chien A, Eliav E, Sterling M. Whiplash (grade II) and cervical radiculopathy share a 

similar sensory presentation: an investigation using quantitative sensory testing. Clin J 

Pain 2008;24(7):595-603. 

[17] Chien A, Eliav E, Sterling M. Hypoaesthesia occurs with sensory hypersensitivity in 

chronic whiplash--further evidence of a neuropathic condition. Man Ther 

2009;14(2):138-146. 

[18] Chien A, Sterling M. Sensory hypoaesthesia is a feature of chronic whiplash but not 

chronic idiopathic neck pain. Man Ther 2010;15(1):48-53. 

[19] Chuang TY, Chiou-Tan FY, Vennix MJ. Brachial plexopathy in gunshot wounds and 

motor vehicle accidents: comparison of electrophysiologic findings. Arch Phys Med 

Rehabil 1998;79(2):201-204. 

[20] Chuang TY, Chiu FY, Tsai YA, Chiang SC, Yen DJ, Cheng H. The comparison of 

electrophysiologic findings of traumatic brachial plexopathies in a tertiary care center. 

Injury 2002;33(7):591-595. 

[21] Clauw DJ. Fibromyalgia: A Clinical Review. JAMA 2014;311(15):1547-1555. 

[22] Coert JH, Dellon AL. Peripheral nerve entrapment caused by motor vehicle crashes. J 

Trauma 1994;37(2):191-194. 

[23] Coppieters MW, Schmid AB, Kubler PA, Hodges PW. Description, reliability and 

validity of a novel method to measure carpal tunnel pressure in patients with carpal 

tunnel syndrome. Man Ther 2012;17(6):589-592. 

[24] Curatolo M, Bogduk N, Ivancic PC, McLean SA, Siegmund GP, Winkelstein BA. The 

role of tissue damage in whiplash-associated disorders: discussion paper 1. Spine 

(Phila Pa 1976) 2011;36(25 Suppl):S309-315. 

ACCEPTED

8 8Copyright � by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.            2021



 30

[25] Côté P, Cassidy JD, Carroll L, Frank JW, Bombardier C. A systematic review of the 

prognosis of acute whiplash and a new conceptual framework to synthesize the 

literature. Spine (Phila Pa 1976) 2001;26(19):E445-458. 

[26] Dilley A, Lynn B, Pang SJ. Pressure and stretch mechanosensitivity of peripheral nerve 

fibres following local inflammation of the nerve trunk. Pain 2005;117(3):462-472. 

[27] Dworkin RH, O’Connor AB, Backonja M, Farrar JT, Finnerup NB, Jensen TS, Kalso 

EA, Loeser JD, Miaskowski C, Nurmikko TJ, Portenoy RK, Rice ASC, Stacey BR, 

Treede R-D, Turk DC, Wallace MS. Pharmacologic management of neuropathic pain: 

Evidence-based recommendations. Pain 2007;132(3):237-251. 

[28] Elliott J, Walton D. An Integrated Model of Chronic Whiplash-Associated Disorder. J 

Orthop Sports Phys Ther 2017;47(7). 

[29] Ellrich J, Andersen OK, Treede RD, Arendt-Nielsen L. Convergence of nociceptive and 

non-nociceptive input onto the medullary dorsal horn in man. Neuroreport 

1998;9(14):3213-3217. 

[30] Enax-Krumova E, Attal N, Bouhassira D, Freynhagen R, Gierthmühlen J, Hansson P, 

Kuehler B, Maier C, Sachau J, Segerdahl M, Tölle T, Treede R-D, Ventzel L, Baron 

R, Vollert J. Contralateral Sensory and Pain Perception Changes in Patients With 

Unilateral Neuropathy. Neurology 2021:10.1212/WNL.0000000000012229. 

[31] Excellence NIfHC. Management: Neck pain - whiplash injury. 

[32] Farrell SF, Sterling M, Irving‐Rodgers H, Schmid AB, Irving-Rodgers H. Small fibre 

pathology in chronic whiplash-associated disorder: A cross-sectional study. Eur J Pain 

2020;24(6):1045-1057. 

[33] Fasolino A, Di Stefano G, Leone C, Galosi E, Gioia C, Lucchino B, Terracciano A, Di 

Franco M, Cruccu G, Truini A. Small-fibre pathology has no impact on 

somatosensory system function in patients with fibromyalgia. Pain 2020;161(10). 

ACCEPTED

8 8Copyright � by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.            2021



 31

[34] Fernandez-de-las-Penas C, de la Llave-Rincon AI, Fernandez-Carnero J, Cuadrado ML, 

Arendt-Nielsen L, Pareja JA. Bilateral widespread mechanical pain sensitivity in 

carpal tunnel syndrome: evidence of central processing in unilateral neuropathy. Brain 

2009;132(Pt 6):1472-1479. 

[35] Fernández-de-Las-Peñas C, Ortega-Santiago R, Ambite-Quesada S, Jiménez-Garcí AR, 

Arroyo-Morales M, Cleland JA. Specific mechanical pain hypersensitivity over 

peripheral nerve trunks in women with either unilateral epicondylalgia or carpal 

tunnel syndrome. J Orthop Sports Phys Ther 2010;40(11):751-760. 

[36] Fingleton C, Smart K, Moloney N, Fullen BM, Doody C. Pain sensitization in people 

with knee osteoarthritis: a systematic review and meta-analysis. Osteoarthritis 

Cartilage 2015;23(7):1043-1056. 

[37] Finnerup NB, Haroutounian S, Kamerman P, Baron R, Bennett DLH, Bouhassira D, 

Cruccu G, Freeman R, Hansson P, Nurmikko T, Raja SN, Rice ASC, Serra J, Smith 

BH, Treede RD, Jensen TS. Neuropathic pain: an updated grading system for research 

and clinical practice. Pain 2016;157(8):1599-1606. 

[38] Freeman MD, Croft AC, Rossignol AM. "Whiplash Associated Disorders: Redefining 

Whiplash and Its Management" by the Quebec Task Force: A Critical Evaluation. 

Spine 1998;23(9):1043-1049. 

[39] G N. Cervical Plexus Block (CPB) in Whiplash Associated Disorder (WAD). 

ClinicalTrials.gov: University Hospitals, Leicester, 2020. 

[40] Geber C, Magerl W, Fondel R, Fechir M, Rolke R, Vogt T, Treede R-D, Birklein F. 

Numbness in clinical and experimental pain – A cross-sectional study exploring the 

mechanisms of reduced tactile function. PAIN 2008;139(1):73-81. 

[41] Gierthmühlen J, Maier C, Baron R, Tölle T, Treede R-D, Birbaumer N, Huge V, 

Koroschetz J, Krumova EK, Lauchart M, Maihöfner C, Richter H, Westermann A, 

ACCEPTED

8 8Copyright � by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.            2021



 32

group tGRNoNPs. Sensory signs in complex regional pain syndrome and peripheral 

nerve injury. Pain 2012;153(4):765-774. 

[42] Goodwin G, Bove GM, Dayment B, Dilley A. Characterizing the Mechanical Properties 

of Ectopic Axonal Receptive Fields in Inflamed Nerves and Following Axonal 

Transport Disruption. Neuroscience 2020;429:10-22. 

[43] Goudman L, Daenen L, Mouraux A, Nijs J, Cras P, Roussel N, Moens M, Coppieters I, 

Huysmans E, De Kooning M. Processing of Laser-Evoked Potentials in Patients with 

Chronic Whiplash-Associated Disorders, Chronic Fatigue Syndrome, and Healthy 

Controls: A Case-Control Study. Pain Med 2020;21(10):2553-2563. 

[44] Greening J, Anantharaman K, Young R, Dilley A. Evidence for Increased Magnetic 

Resonance Imaging Signal Intensity and Morphological Changes in the Brachial 

Plexus and Median Nerves of Patients With Chronic Arm and Neck Pain Following 

Whiplash Injury. J Orthop Sports Phys Ther 2018;48(7):523-532. 

[45] 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(3). 

[46] Gupta R, Rowshan K, Chao T, Mozaffar T, Steward O. Chronic nerve compression 

induces local demyelination and remyelination in a rat model of carpal tunnel 

syndrome. Exp Neurol 2004;187(2):500-508. 

[47] Harrer M, Cuijpers P, Furukawa T, Ebert D. Doing Meta-Analysis in R: A Hands-n 

Guide, 2019. 

[48] Hartlehnert M, Derksen A, Hagenacker T, Kindermann D, Schäfers M, Pawlak M, 

Kieseier BC, Meyer zu Horste G. Schwann cells promote post-traumatic nerve 

inflammation and neuropathic pain through MHC class II. Sci Rep 2017;7(1):12518. 

ACCEPTED

8 8Copyright � by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.            2021



 33

[49] Hartling L, Brison RJ, Ardern C, Pickett W. Prognostic value of the Quebec 

Classification of Whiplash-Associated Disorders. Spine (Phila Pa 1976) 

2001;26(1):36-41. 

[50] Hashish R, Badday H. Frequency of acute cervical and lumbar pathology in common 

types of motor vehicle collisions: a retrospective record review. BMC Musculoskelet 

Disord 2017;18(1):437. 

[51] Held M, Karl F, Vlckova E, Rajdova A, Escolano-Lozano F, Stetter C, Bharti R, 

Förstner KU, Leinders M, Dušek L, Birklein F, Bednarik J, Sommer C, Üçeyler N. 

Sensory profiles and immune-related expression patterns of patients with and without 

neuropathic pain after peripheral nerve lesion. Pain 2019;160(10):2316-2327. 

[52] Higgins J, Thomas J, Cumpston M, Li T, Page M, Welch Ve. Coachrane Handbook for 

Systematic Reviews of Interventions version 6.1. Cochrane, 2020. 

[53] Häggman-Henrikson B, Lampa E, Nordh E. Altered thermal sensitivity in facial skin in 

chronic whiplash-associated disorders. Int J Oral Sci 2013;5(3):150-154. 

[54] Jelicic Kadic A, Vucic K, Dosenovic S, Sapunar D, Puljak L. Extracting data from 

figures with software was faster, with higher interrater reliability than manual 

extraction. J Clin Epidemiol 2016;74:119-123. 

[55] Jónsson H, Jr., Cesarini K, Sahlstedt B, Rauschning W. Findings and outcome in 

whiplash-type neck distortions. Spine (Phila Pa 1976) 1994;19(24):2733-2743. 

[56] Kaiser R, Mencl L, Haninec P. Injuries associated with serious brachial plexus 

involvement in polytrauma among patients requiring surgical repair. Injury 

2014;45(1):223-226. 

[57] Kaiser R, Waldauf P, Haninec P. Types and severity of operated supraclavicular brachial 

plexus injuries caused by traffic accidents. Acta Neurochir (Wien) 2012;154(7):1293-

1297. 

ACCEPTED

8 8Copyright � by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.            2021



 34

[58] Karlsborg M, Smed A, Jespersen H, Stephensen S, Cortsen M, Jennum P, Herning M, 

Korfitsen E, Werdelin L. A prospective study of 39 patients with whiplash injury. 

Acta Neurol Scand 1997;95(2):65-72. 

[59] Ko KW, Milbrandt J, DiAntonio A. SARM1 acts downstream of neuroinflammatory and 

necroptotic signaling to induce axon degeneration. J Cell Biol 2020;219(8). 

[60] Koulidis K, Veremis Y, Anderson C, Heneghan NR. Diagnostic accuracy of upper limb 

neurodynamic tests for the assessment of peripheral neuropathic pain: A systematic 

review. Musculoskelet Sci Pract 2019;40:21-33. 

[61] Linnman C, Appel L, Fredrikson M, Gordh T, Söderlund A, Långström B, Engler H. 

Elevated [11C]-D-deprenyl uptake in chronic Whiplash Associated Disorder suggests 

persistent musculoskeletal inflammation. PLoS One 2011;6(4):e19182. 

[62] Lo YL, Tan YE, Fook-Chong S, Boolsambatra P, Yue WM, Chan LL, Tan SB. Role of 

spinal inhibitory mechanisms in whiplash injuries. J Neurotrauma 2007;24(6):1055-

1067. 

[63] Mackinnon SE, Dellon AL, Hudson AR, Hunter DA. Chronic human nerve 

compression--a histological assessment. Neuropathol Appl Neurobiol 

1986;12(6):547-565. 

[64] Magerl W, Treede R-D. Secondary tactile hypoesthesia: a novel type of pain-induced 

somatosensory plasticity in human subjects. Neuroscience Letters 2004;361(1):136-

139. 

[65] Mailis A, Papagapiou M, Vanderlinden RG, Campbell V, Taylor A. Thoracic outlet 

syndrome after motor vehicle accidents in a Canadian pain clinic population. Clin J 

Pain 1995;11(4):316-324. 

[66] Maimaris C, Barnes MR, Allen MJ. 'Whiplash injuries' of the neck: a retrospective 

study. Injury 1988;19(6):393-396. 

ACCEPTED

8 8Copyright � by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.            2021



 35

[67] Midha R. Epidemiology of brachial plexus injuries in a multitrauma population. 

Neurosurgery 1997;40(6):1182-1188; discussion 1188-1189. 

[68] Miranda GE, Torres RY. Epidemiology of Traumatic Peripheral Nerve Injuries 

Evaluated with Electrodiagnostic Studies in a Tertiary Care Hospital Clinic. P R 

Health Sci J 2016;35(2):76-80. 

[69] Moog M, Quintner J, Hall T, Zusman M. The late whiplash syndrome: a psychophysical 

study. Eur J Pain 2002;6(4):283-294. 

[70] Nikles J, Keijzers G, Mitchell G, Farrell SF, Perez S, Schug S, Ware RS, McLean SA, 

Connelly LB, Sterling M. Pregabalin versus placebo to prevent chronic pain after 

whiplash injury in at-risk individuals: results of a feasibility study for a large 

randomised controlled trial. Pain 2021. 

[71] O. SW, Skovron ML, Salmi LR, Cassidy JD, Duranceau J, Suissa S, Zeiss. Scientific 

monograph of the Quebec Task Force on Whiplash-Associated Disorders: redefining 

"whiplash" and its management. Spine 1995;20(8 Suppl). 

[72] Ottiger-Boettger K, Ballenberger N, Landmann G, Stockinger L, Tampin B, Schmid A. 

Somatosensory profiles in patients with non-specific neck-arm pain with and without 

positive neurodynamic tests. Musculoskelet Sci Pract 2020;50:102261. 

[73] Ovadia D, Steinberg EL, Nissan MN, Dekel S. Whiplash injury--a retrospective study on 

patients seeking compensation. Injury 2002;33(7):569-573. 

[74] Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, Shamseer 

L, Tetzlaff JM, Moher D. Updating guidance for reporting systematic reviews: 

development of the PRISMA 2020 statement. J Clin Epidemiol 2021. 

[75] Pedler A, Motlagh H, Sterling M. Laterality judgments are not impaired in patients with 

chronic whiplash associated disorders. Man Ther 2013;18(1):72-76. 

ACCEPTED

8 8Copyright � by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.            2021



 36

[76] Pettersson K, Hildingsson C, Toolanen G, Fagerlund M, Björnebrink J. MRI and 

neurology in acute whiplash trauma. No correlation in prospective examination of 39 

cases. Acta Orthop Scand 1994;65(5):525-528. 

[77] Popay J, Roberts H, Sowden A, Petticrew M, Arai L, Rodgers M, Britten N, Roen K, 

Duffy S. Guidance on the Conduct of Narrative Synthesis in Systematic review: A 

Product from the ESRC Methods Programme. 

[78] Raak R, Wallin M. Thermal thresholds and catastrophizing in individuals with chronic 

pain after whiplash injury. Biol Res Nurs 2006;8(2):138-146. 

[79] Radanov BP, Sturzenegger M, De Stefano G, Schnidrig A. Relationship between early 

somatic, radiological, cognitive and psychosocial findings and outcome during a one-

year follow-up in 117 patients suffering from common whiplash. Br J Rheumatol 

1994;33(5):442-448. 

[80] Radanov BP, Sturzenegger M, Di Stefano G. Long-term outcome after whiplash injury. 

A 2-year follow-up considering features of injury mechanism and somatic, radiologic, 

and psychosocial findings. Medicine (Baltimore) 1995;74(5):281-297. 

[81] Ravn SL, Eskildsen NB, Johnsen AT, Sterling M, Andersen TE. There's Nothing 

Broken. You've Had a Whiplash, That's It: A Qualitative Study of Comorbid 

Posttraumatic Stress Disorder and Whiplash Associated Disorders. Pain Med 

2020;21(8):1676-1689. 

[82] Ritchie C, Ehrlich C, Sterling M. Living with ongoing whiplash associated disorders: a 

qualitative study of individual perceptions and experiences. BMC Musculoskelet 

Disord 2017;18(1):531. 

[83] Saadat S, Eslami V, Rahimi-Movaghar V. The incidence of peripheral nerve injury in 

trauma patients in Iran. Ulus Travma Acil Cerrahi Derg 2011;17(6):539-544. 

ACCEPTED

8 8Copyright � by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.            2021



 37

[84] Samuelsson L, Lundin A. Thermal quantitative sensory testing in lumbar disc herniation. 

Eur Spine J 2002;11(1):71-75. 

[85] Santana MV, Bina MT, Paz MG, Santos SN, Teixeira MJ, Raicher I, Martins JV, 

Andrade DC, Baptista AF. High prevalence of neuropathic pain in the hand of 

patients with traumatic brachial plexus injury: a cross-sectional study. Arq 

Neuropsiquiatr 2016;74(11):895-901. 

[86] Schmid AB, Bland JD, Bhat MA, Bennett DL. The relationship of nerve fibre pathology 

to sensory function in entrapment neuropathy. Brain 2014;137(Pt 12):3186-3199. 

[87] Schmid AB, Coppieters MW, Ruitenberg MJ, McLachlan EM. Local and remote 

immune-mediated inflammation after mild peripheral nerve compression in rats. J 

Neuropathol Exp Neurol 2013;72(7):662-680. 

[88] Scott D, Jull G, Sterling M. Widespread sensory hypersensitivity is a feature of chronic 

whiplash-associated disorder but not chronic idiopathic neck pain. Clin J Pain 

2005;21(2):175-181. 

[89] Serrano-Muñoz D, Galán-Arriero I, Ávila-Martín G, Gómez-Soriano J, Florensa J, 

García-Peris A, Romero-Muñoz LM, Barriga-Martín A, Taylor. Deficient Inhibitory 

Endogenous Pain Modulation Correlates With Periaqueductal Gray Matter 

Metabolites During Chronic Whiplash Injury. Clin J Pain 2019;35(8). 

[90] Smith AD, Jull G, Schneider G, Frizzell B, Hooper RA, Sterling M. A comparison of 

physical and psychological features of responders and non-responders to cervical 

facet blocks in chronic whiplash. BMC Musculoskelet Disord 2013;14:313. 

[91] Smith AD, Jull G, Schneider G, Frizzell B, Hooper RA, Sterling M. Cervical 

radiofrequency neurotomy reduces central hyperexcitability and improves neck 

movement in individuals with chronic whiplash. Pain Med 2014;15(1):128-141. 

ACCEPTED

8 8Copyright � by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.            2021



 38

[92] Squires B, Gargan MF, Bannister GC. Soft-tissue injuries of the cervical spine. 15-year 

follow-up. J Bone Joint Surg Br 1996;78(6):955-957. 

[93] Stanisz GJ, Webb S, Munro CA, Pun T, Midha R. MR properties of excised neural tissue 

following experimentally induced inflammation. Magn Reson Med 2004;51(3):473-

479. 

[94] Steinberg EL, Ovadia D, Nissan M, Menahem A, Dekel S. Whiplash injury: is there a 

role for electromyographic studies? Arch Orthop Trauma Surg 2005;125(1):46-50. 

[95] Sterling M. A proposed new classification system for whiplash associated disorders—

implications for assessment and management. Man Ther 2004;9(2):60-70. 

[96] Sterling M. Differential development of sensory hypersensitivity and a measure of spinal 

cord hyperexcitability following whiplash injury. Pain 2010;150(3):501-506. 

[97] Sterling M. Whiplash-associated disorder: musculoskeletal pain and related clinical 

findings. J Man Manip Ther 2011;19(4):194-200. 

[98] Sterling M. Physiotherapy management of whiplash-associated disorders (WAD). 

Journal of Physiotherapy 2014;60(1):5-12. 

[99] Sterling M, Elliott JM, Cabot PJ. The Course of Serum Inflammatory Biomarkers 

Following Whiplash Injury and Their Relationship to Sensory and Muscle Measures: 

a Longitudinal Cohort Study. PLoS One 2013;8(10):e77903. 

[100] Sterling M, Head J, Cabot PJ, Farrell M. Serum C-reactive protein levels predict 

regional brain responses to noxious cold stimulation of the hand in chronic whiplash 

associated disorders. Scand J Pain 2016;11:19-26. 

[101] Sterling M, Jull G, Kenardy J. Physical and psychological factors maintain long-term 

predictive capacity post-whiplash injury. Pain 2006;122(1-2):102-108. 

[102] Sterling M, Jull G, Vicenzino B, Kenardy J. Sensory hypersensitivity occurs soon after 

whiplash injury and is associated with poor recovery. Pain 2003;104(3):509-517. 

ACCEPTED

8 8Copyright � by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.            2021



 39

[103] Sterling M, Jull G, Vicenzino B, Kenardy J. Characterization of acute whiplash-

associated disorders. Spine (Phila Pa 1976) 2004;29(2):182-188. 

[104] Sterling M, Jull G, Vicenzino B, Kenardy J, Darnell R. Physical and psychological 

factors predict outcome following whiplash injury. Pain 2005;114(1-2):141-148. 

[105] Sterling M, Kenardy J. The relationship between sensory and sympathetic nervous 

system changes and posttraumatic stress reaction following whiplash injury--a 

prospective study. J Psychosom Res 2006;60(4):387-393. 

[106] Sterling M, Pedler A. A neuropathic pain component is common in acute whiplash and 

associated with a more complex clinical presentation. Man Ther 2009;14(2):173-179. 

[107] Sterling M, Treleaven J, Jull G. Responses to a clinical test of mechanical provocation 

of nerve tissue in whiplash associated disorder. Man Ther 2002;7(2):89-94. 

[108] Sterner Y, Toolanen G, Knibestöl M, Gerdle B, Hildingsson C. Prospective study of 

trigeminal sensibility after whiplash trauma. J Spinal Disord 2001;14(6):479-486. 

[109] Sturzenegger M, DiStefano G, Radanov BP, Schnidrig A. Presenting symptoms and 

signs after whiplash injury: the influence of accident mechanisms. Neurology 

1994;44(4):688-693. 

[110] Sturzenegger M, Radanov BP, Di Stefano G. The effect of accident mechanisms and 

initial findings on the long-term course of whiplash injury. J Neurol 1995;242(7):443-

449. 

[111] Takahashi K, Shima I, Porter RW. Nerve root pressure in lumbar disc herniation. Spine 

(Phila Pa 1976) 1999;24(19):2003-2006. 

[112] Tampin B, Slater H, Jacques A, Lind CRP. Association of quantitative sensory testing 

parameters with clinical outcome in patients with lumbar radiculopathy undergoing 

microdiscectomy. Eur J Pain 2020;24(7):1377-1392. 

ACCEPTED

8 8Copyright � by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.            2021



 40

[113] Team RC. R: A Language and Environment for Statistical Computing. Vienna, Austria: 

R Foundation for Statistical Computing, 2020. 

[114] Team RS. RStudio: Integrated Development for R. Bostom, MA: RStudio, 2020. 

[115] Terzis JK, Barmpitsioti A. Wrist fusion in posttraumatic brachial plexus palsy. Plast 

Reconstr Surg 2009;124(6):2027-2039. 

[116] Tomlinson PJ, Gargan MF, Bannister GC. The fluctuation in recovery following 

whiplash injury 7.5-year prospective review. Injury 2005;36(6):758-761. 

[117] Tong XW, Wenqian W, Jiming L, Tiejun. Estimating the sample mean and standard 

deviation from the sample size, median, range and/or interquartile range. BMC Med 

Res Methodol 2014;14(1):1-13. 

[118] Torres JR, Martos IC, Sánchez IT, Rubio AO, Pelegrina AD, Valenza MC. Results of 

an Active Neurodynamic Mobilization Program in Patients With Fibromyalgia 

Syndrome: A Randomized Controlled Trial. Arch Phys Med Rehabil 

2015;96(10):1771-1778. 

[119] Vaegter HB, Andersen TE, Harvold M, Andersen PG, Graven-Nielsen T. Increased 

Pain Sensitivity in Accident-related Chronic Pain Patients With Comorbid 

Posttraumatic Stress. Clin J Pain 2018;34(4):313-321. 

[120] van den Berg R, Jongbloed EM, de Schepper EIT, Bierma-Zeinstra SMA, Koes BW, 

Luijsterburg PAJ. The association between pro-inflammatory biomarkers and 

nonspecific low back pain: a systematic review. Spine Journal 2018;18(11). 

[121] Wallin M, Liedberg G, Börsbo B, Gerdle B. Thermal detection and pain thresholds but 

not pressure pain thresholds are correlated with psychological factors in women with 

chronic whiplash-associated pain. Clin J Pain 2012;28(3):211-221. 

[122] Wiangkham T, Duda J, Haque S, Madi M, Rushton A. The Effectiveness of 

Conservative Management for Acute Whiplash Associated Disorder (WAD) II: A 

ACCEPTED

8 8Copyright � by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.            2021



 41

Systematic Review and Meta-Analysis of Randomised Controlled Trials. PLoS One 

2015;10(7):e0133415. 

 

 

ACCEPTED

8 8Copyright � by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.            2021



 1

Table 1. Study characteristics and outcome measures 
Author & Date Study 

Participants 
WAD 
Grade 
(QTF) 

Study 
Measures 

Outcomes: mean (SD) 

Sterling 
(2009)106 

WAD n=85 I-III S-LANSS (0-24) n=12 patients scoring ≥12 

Smith (2013)90 WAD n=90, 
controls n=30 

II S-LANSS (0-24) WAD (R; n=58): 11 (IQR 8-17), 
(NR; n=32): 13 (IQR 8-16) 

ULNT (degrees 
of elbow flexion)* 

WAD (R): 29.33 
(16.30), 
NR: 34 (14.81)  

Controls: 4 
(6.67) 

PPT (kPa)* WAD (R): 236 
(78.15), 
WAD (NR): 229.34 
(85.92) 

Controls: 375.17 
(134.38) 

Karlsborg 
(1997)58 

WAD n=34 II-IV Neurological 
Examination 

n=5 patients (positive findings of nerve 
pathology) 

Henrikson 
(2013)53 

WAD n=20, 
controls n=10 

II-III Thermal 
detection 
(Thermotest) 

No group mean values provided. 
n=6 with reduce temperature sensitivity; 
n=5 with increased temperature 
sensitivity (facial skin) 
 

Chuang 
(2002)20 

WAD n=85 NA Electrodiagnostic 
testing 

n=7 patients (positive findings of nerve 
pathology) 

Smith (2014)92 WAD n=53, 
controls n=30 

II ULNT (degrees 
of elbow flexion)* 

WAD: 28.67 
(15.56)  

Controls: 4 (6.67) 

PPT (kPa)* WAD: 185.33 
(63.70) 

Controls: 365.33 
(98.27) 

Sterling 
(2004)104 

WAD n=80, 
controls n=20 

II-III ULNT (degrees 
of elbow flexion) 

mild: 26.7 (17.7), 
moderate: 31.3 
(14.9), severe: 36.5 
(11.8)  

Controls: 21.4 
(10.8) 

Serrano-Munoz 
(2019)89 

WAD n=20, 
control n=15 

I-III DN4 (0-10) No Pain (n=5): median 3 (IQR 1.5), Pain 
(n=15): median 4 (IQR 3) out of 10.  

NPSI (0-10) No Pain (n=5): median 0 (IQR 2), Pain 
(n=15): median 3 (IQR 6) out of 10. 

Sterling 
(2010)96 

WAD n=62, 
controls n=22 

II-III PPT (kPa) (R) 197.6 (71)  
Mild: 220 (77)  
Moderate/severe: 
140.3 (77)  
(measures from 3 
weeks) 

Controls: 235 (70) 
(time 1) 

Bowles (2004)11 WAD n=25 NA Electrodiagnostic 
testing 

N=25 patients (positive findings of nerve 
pathology) 

Greening 
(2018)44 

WAD n=9, 
controls n=13 

II S-LANSS (0-24) Mean: 12.7 (7.5) 
n=4 scores ≥12 

ULNT Symptomatic side: median n=9, ulnar 
n=6; Less symptomatic side: median n=4, 
ulnar n=1 (symptom reproduction) 

Neurologic 
examination 

n=4 (44.4%) reduced cutaneous 
sensation in median nerve 

Magnetic 
resonance 
imaging 

Greater T2 signal intensity (brachial 
plexus, median nerve -wrist): WAD 
mean= 0.52 ± 0.13 and 2.09 ± 0.33, 
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respectively) compared to the control 
group (mean= 0.45 ± 0.07 and 1.38 ± 
0.31, respectively; p<.05). 

Nerve palpation symptomatic side: brachial plexus n=8, 
median nerve n=5, cubital tunnel n=7, 
Guyon's canal n=6 
less symptomatic side: brachial plexus 
n=4, median nerve n=1, cubital tunnel n= 
3, Guyon's canal n=2 
(+ for local or referred pain &/or paresthesia) 

Hashish 
(2017)50 

WAD n=903 NA Electrodiagnostic 
testing 

cervical radiculitis: n= 315; lumbar 
radiculitis n= 216  

Chien (2009)17 WAD n=31, 
controls n=31 

II ULNT (degrees 
of elbow flexion) 

WAD: 22.3 (27.4) Controls: 11.0 (5.9) 

PPT (kPa) WAD: 212.67 
(99.17) 

Controls: 00.97 
(61.26) 

Thermal 
detection 
thresholds (°C) 

WAD heat index 
finger: 34.91 (2.29), 
little finger: 34.43 
(2.2),  
Cold index finger: 
28.99 (1.55), little 
finger: 28.62(2.05) 

Controls heat index 
finger: 32.35 (1.43), 
little finger: 32.32 
(1.12), Cold index: 
29.58 (.85), little 
finger: 29.56 (.82) 

Vibration 
detection 
thresholds (µm) 

WAD dorsal 5th: 
0.48 (0.4), dorsal 
2nd: 0.4 (0.27), 
palmar 2nd: 0.46 
(0.31), palmar 1st: 
0.79 (0.62) 

Controls dorsal 5th: 
0.29 (0.12), dorsal 
2nd: 0.26 (0.09), 
palmar 2nd: 0.28 
(0.16), palmar 1st: 
0.41 (0.25) 

Current 
detection 
threshold 2,000 
Hz (mA) 

WAD elbow: 106.9 
(26.64), index 
finger: 254.44 
(55.84), little finger: 
193.53 (40.96), 
tibialis anterior: 
186.92 (78.15) 

Controls elbow: 
88.82 (22.33), 
index finger: 180 
(45.08), little finger: 
145.46 (31.88), 
tibialis anterior: 
151.52 (56.24) 

Current 
detection 
threshold 250 Hz 
(mA) 

WAD elbow: 41.84 
(34.1), index finger: 
84.79 (32.23), little 
finger: 83.65 
(40.31), tibialis 
anterior: 37.26 
(14.64) 

Controls elbow: 
32.61 (8.68), index 
finger: 62.16 
(25.88), little finger: 
60.5 (21.89), tibialis 
anterior: 41.94 
(14.45) 

Current 
detection 
threshld 5 Hz 
(mA) 

WAD elbow: 22 
(9.15), index finger: 
46.35 (20.49), little 
finger: 42.53 
(25.79), tibialis 
anterior: 27.89 
(17.38) 

Controls elbow: 
22.16 (10.15), 
index finger: 35.23 
(16.36), little finger: 
34.84 (14.02), 
tibialis anterior: 
23.11 (10.03) 

Chien (2008b)15 WAD n=52, 
controls n=31 

NA ULNT (degrees 
of elbow flexion) 

WAD high risk: 
51.65 (21.15),  
low risk: 29.72 
(21.83) 

Controls: 11.62 
(5.96) 

PPT (kPa) WAD high risk: 
173.21 (68.45), low 
risk: 246.66 (91.57) 

Controls: 300.97 
(61.26) 
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Thermal 
detection 
thresholds (°C) 

WAD index finger 
heat: low risk 32.65 
(1.42), High risk 
32.78 (1.98) 
Little finger heat: 
low risk 33.20 
(1.94), high risk 
33.14 (2.10)  
 
Index finger cold: 
low risk 28.93 
(0.75), high risk 
28.73 (0.84),  
little finger cold: low 
risk 28.68 (0.90), 
high risk 28.63 
(0.93)  

Controls index 
finger heat: 32.35 
(1.43), little finger 
heat: 32.32 (1.12)  
 
Index finger cold: 
29.32 (0.52), little 
finger cold: 29.29 
(0.50) 

Vibration 
detection 
thresholds (µm) 

WAD dorsal 5th: 
low risk 0.41 (0.24), 
high risk 0.56 
(0.57). Palmar 2nd: 
low risk 0.38 (0.23),  
high risk 0.56 
(0.69). Palmar 1st: 
low risk 0.51 (0.33), 
high risk 0.64 
(0.54) 

Controls dorsal 5th: 
0.29 (0.12), 
Palmar 2nd: 0.28 
(0.16), 
Palmar 1st: 0.41 
(0.25) 

Current 
detection 
thresholds 250 
Hz (mA)* 

WAD elbow:  low 
risk 40.96 (10.19), 
high risk 50.44 
(29.62) 
Index finger: low 
risk 101.16 (26.84), 
high risk 124.88 
(50.59) 
Little finger: low 
risk 99.14 (22.59), 
high risk 125.09 
(82.12), 
Tibia: low risk 
80.23 (24.62), high 
risk 93.68 (60.96)  

Controls elbow: 
32.61 (8.68), index 
finger: 62.16 
(25.88), little finger: 
58.82 (22.40), tibia: 
41.94 (14.45) 

Vaegter 
(2018)119 

WAD n=108 NA Warm detection 
thresholds (°C) 

WAD PTSD group = 34.0 (1.3) 
WAD Non-PTSD group = 34.7 (1.1) 

Greening 
(2005)45 

WAD n=9, 
controls n=8 

NA ULNT (degrees 
of elbow flexion) 

WAD: n=9 (positive 
for symptom 
reproduction) 

Controls: n=0 
(positive for symptom 
reproduction) 

Nerve palpation WAD carpal tunnel: 
n=6, proximal 
carpal tunnel n=5, 
brachial plex n=7 
(positive for symptom 
reproduction) 

Controls: n=0 
(positive for symptom 
reproduction) 

Ultrasound WAD: significantly reduced longitudinal 
(mean=0.38 (0.08) mm, (95% CI=0.20–
0.56 mm)) and transverse nerve 
movement (2.57 (0.80) mm, (95% 
CI=0.61–4.54 mm)) on the symptomatic 
side compared to the control group. 
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Pedler (2013)75 WAD n=64, 
controls n=24 

I-II PPT (kPa) No group mean values provided. 
Reported significant difference between 
left and right sides for median nerve PPT 
(p<0.01) 

Radanov 
(1995)80 

WAD n=117 I-III Neurological 
examination 

n=17 (tests positive findings of nerve 
pathology) 

Alpar (2002)2 WAD n=38, 
controls n=30 

NA Neurological 
examination 

n=38 with hypoaesthesia to light touch 
and pin prick (median nerve distribution)  

Nerve palpation n=36 (positive symptom reproduction) 

Electrodiagnostic 
testing 

n=11 patients had abnormal EMG and 
NCV results 

Pettersson 
(1994)76 

WAD n=39 NA Neurological 
examination 

Trigeminal nerve hypoaesthesia n=9 
Reduced myotomal strength n=4 
UE hypoaesthesia light touch n=15 
UE hyporeflexia n=6 
At least one abnormal finding n=19  

Midha (1997)67 WAD n=16 NA Electrodiagnostic 
testing 

n=16 positive studies for nerve pathology 

Miranda 
(2016)68 

WAD n=20 NA Electrodiagnostic 
testing 

n=20 positive studies for nerve pathology 

Jonsson 
(1994)55 

WAD n=24 NA Neurological 
examination 

n=19 patients (positive neurologic 
findings) 

Braddom 
(2009)12 

WAD n=1,334 NA Electrodiagnostic 
testing 

n=1,248 positive for nerve pathology 

Kaiser (2014)56 WAD n=12 NA Electrodiagnostic 
testing 

n=12 positive for nerve pathology 

Coert (1994)22 WAD n=157 NA Electrodiagnostic 
testing 

n=157 total positive for nerve pathology 
carpal tunnel syndrome=68, cubital tunnel 
syndrome = 64, radial sensory nerve = 25 

Sterling 
(2006b)101 

WAD n=65 II-III PPT (kPa) Median nerve (recovered, mild, 
moderate/severe; >1 month): 197.6 
(70.6), 231.8 (65.1), 210.5 (74.7) 
6 months: 244 (64.6); 140.9 (50.5), 169.9 
(54.7) 

Sympathetic 
vasoconstrictor 
reflex 

QI (recovered, mild, moderate/severe; >1 
month): 58.4 (17.2), 55.7 (16.9); 52.19 
(16.9) 
6 months: 56.1 (15); 69.68 (18.2), 69.44 
(17) 
SRF (recovered, mild, moderate/severe; 
>1 month): 0.75 (0.17), 0.75 (0.2); 0.76 
(0.18) 
6 months: 0.76 (0.17); 0.61 (0.15), 0.63 
(0.14) 

Sterling 
(2005)104 

WAD n=76 II-III PPT (kPa) Recovered, mild, moderate/severe, (>1 
month): 197.6 (70.6), 210.5 (74.7), 140.9 
(50.5) 
 
Recovered, mild, mod/severe, (6 
months): 231.8 (65.1); 244 (64.6); 169.9 
(54.7) 

Sympathetic 
vasoconstrictor 
reflex 

QI (recovered, mild, moderate/severe; >1 
month): 58.4 (17.2), 52.19 (16.9), 69.68 
(18.2) 
6 months: 55.7 (16.9); 56.1 (15); 69.44 
(17) 
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SFR (recovered, mild, moderate/severe; 
>1 month): 0.75 (0.17), 0.76 (0.18), 0.61 
(0.15) 
6 months: 0.75 (0.2); 0.76 (0.17); 0.63 
(0.14) 

Sturzenegger 
(1994)109 

WAD n=137 I-III Neurological 
examination 

N=17 patients (positive findings of nerve 
pathology) 

Goudman 
(2020)43 

WAD n=21, 
controls n=18 

I-III Laser evoked 
potential  

WAD hand 
(amplitudes,µV): 
n1: -4.67 (2.81); 
N2: -2.54 (1.70), 
P2: 4.27 (3.11), 
N2P2: 6.81 (4.32) 
 
Latency (msec): 
N1: 224 (53), N2 
(225 (50), P2: 388 
(70) 

Controls hand 
(amplitudes,µV): 
N1 -4.47 (2.37), 
N2: -3.41 (3.25), 
P2: 5.56 (2.83), 
N2P2: 8.97 (5.29) 
 
Latency (msec): 
N1: 252 (56), N2: 
229 (54), P2: 374 
(59)   

Sterner 
(2001)108 

WAD n=43 NA Thermal 
detection 
threshold  

n=14 patients with abnormal results 
(trigeminal nerve) 

Vibration 
detection 
threshold 

n=11 patients with abnormal results 
(trigeminal nerve) 

Radanov 
(1994)79 

WAD n=117 NA Neurological 
examination 

N=17 patients (positive findings of nerve 
pathology) 

Sterling 
(2002)107 

WAD n=156, 
controls n=95 

II-III ULNT (degrees 
of elbow flexion)* 

WAD: 26.21 
(11.73) 

Controls: 12.92 
(14.78) 

Neurological 
examination 

n=23 patients (positive findings of nerve 
pathology) 

Bekelis (2014)7 WAD 
n=384,539 

NA ICD-9 codes n=3,086 patients (peripheral nerve injury) 

Lo (2007)62 WAD n=20 I-III Neurological 
examination 

n=10 patients (positive findings of nerve 
pathology) 

Electrodiagnostic 
testing 

n=2 patients (positive findings of nerve 
pathology) 

Cutaneous silent 
period 

n=18 patients with abnormal findings of at 
least one recording (measured at hand 
and foot). 

Sterling 
(2003)102 

WAD n=76, 
controls n=20 

II-III ULNT (degrees 
of elbow flexion)* 

WAD: 26.21 
(11.73) 

Controls: 12.92 
(14.78) 

Sympathetic 
vasoconstrictor 
reflex* 

WAD recovered QI: 
54 (149.98), SRF: 
0.79 (1.48) 
mild QI: 53.1 
(147.37), SRF: 
0.79 (1.57), 
mod/severe QI: 
64.8 (158.70), 
SRF: 0.69 (1.31)  

Controls  
QI: 52.3 (82.25) 
SRF: 0.71 (0.80) 

Chien (2010)18 WAD n=50, 
controls n=31 

II Thermal 
detection 
threshold (°C)* 

WAD heat 
detection index 
finger: 34.93 (4.81), 
little finger: 34.70 
(4.94) 
 
Cold detection 
index finger: 28.24 
(1.20), little finger: 

Controls heat 
detection index 
finger: 32.32 (3.29) 
little finger: 32.32 
(3.73) 
 
Cold detection 
index finger: 29.30 
(3.23), little finger: 
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27.80 (1.98) 29.28 (3.28) 
Vibration 
detection 
threshold (µm)* 

WAD palmar 1st: 

0.83 (0.92), palmar 
2nd: 0.54 (0.57),  
dorsal 5th: 0.51 
(0.57) 

Controls palmar 
1st: 0.41 (0.45), 
palmar 2nd: 0.28 
(0.33), dorsal 5th: 
0.42 (0.45) 

Current 
detection 
threshold 250 Hz 
(mA)* 

WAD elbow: 46.93 
(87.60), index 
finger: 94.27 
(170.46), little 
finger: 87.06 
(159.08), tibialis 
anterior: 44.30 
(79.04) 

Controls elbow: 
32.48 (29.97), 
Index finger: 32.38 
(34.53), little finger: 
58.88 (59.26), 
tibialis anterior: 
41.84 (38.32) 

PPT (kPa) WAD: 187.9 (87.9) Controls: 301.0 
(45.0) 

Farrell (2020)32 WAD n=24, 
controls n=24 

II S-LANSS (0-24) 7.5 (6.5)  
NPSI (0-100) 26.1 (18.3) 
Neurological 
examination 

N=0 patients (positive for nerve 
pathology) 

Thermal 
detection 
threshold (°C) 

WAD cold index 
finger: 30.17 (1.16),  
warm detection 
index finger: 35.02 
(1.55) 

Controls cold index 
finger: 30.75 (0.36),  
warm index finger: 
33.85 (0.47) 

Vibration 
detection 
threshold 
(disappearance) 

WAD index: 7.88 
(0.27) 
 

Controls index: = 
7.96 (0.16) 

Mechanical pain 
threshold (mN) 

WAD index: 205.42 
(142.47) 

Controls index: 
161.68 (96.41) 

Mechanical 
detection 
threshold (mN) 

WAD index: 1.06 
(0.82) 

Controls index: 
0.48 (0.18) 

Intraepidermal 
nerve fibre 
density 
(fibres/mm) 

WAD index finger 
(median (IQR)): 4.5 
(4.9)  
 
WAD ankle: 7.3 
(3.7)  

Controls index 
(median (IQR)): 7.3 
(3.9)  
 
Ankle: 9.3 (3.8)  

Dermal 
innervation 

WAD index finger 
(median (IQR)): 3.7 
(2.8) bundles/ mm2 
 
Meissner 
corpuscles density: 
(median (IQR)): 
0.41 (0.51) 
corpuscles/mm 

Controls index 
finger (median 
(IQR)): 4.9 (2.1) 
bundles/ mm2 
 
Meissner 
corpuscles density: 
(median (IQR)): 
0.61 (0.52) 
corpuscles/mm 

Squires (1996)92 WAD n=37 NA Neurological 
examination 

n=4 patients (positive for nerve 
pathology) 

Chuang 
(1998)19 

WAD n=14 NA Electrodiagnostic 
testing 

n=14 patients (positive for nerve 
pathology) 

Sturzenegger 
(1995)110 

WAD n=117 NA Neurological 
examination 

n=17 patients (positive for nerve 
pathology) 

Saadat (2011)83 WAD n=78 NA ICD-9 codes n=78 patients (positive peripheral nerve 
injury) 

ACCEPTED

8 8Copyright � by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.            2021



 7

Moog (2002)69 WAD n=43, 
controls n=43 

I-II Sensation 
detection 

n=0 patients with inability to detect light 
touch, punctate pressure, warm and cold 
detection 

Vibration 
detection 

No mean values provided. All participants 
reported detection within 10-15% of 
available frequency. 

Sterling 
(2006a)105 

WAD n=76 I-III PPT (kPa)* Median nerve (mean/SEM): 
<1 month, PTSR: 155.12 (80.82), 
resPTSR: 187.55 (105.77), nonPTSR: 
201.72 (76.25) 
6 months, PTSR: 166.53 (82.12), 
resPTSR: 242.78 (76.25), nonPTSR: 
230.56 (74.79)  

Sympathetic 
vasoconstrictor 
reflex* 

QI (<1 month), PTSR: 70.78 (19.62), 
resPTSR: 59.75 (20.1), nonPTSR: 55.42 
(19.61) 
QI (6 months), PTSR: 70.66 (19.14), 
resPTSR: 57.48 (19.86), nonPTSR: 57.48 
(19.86) 
 
SFR (<1 month), PTSR: 0.56 (.20), 
resPTSR: 0.70 (.20), nonPTSR: 0.75 
(0.20) 
SFR (6 months), PTSR: 0.60 (0.20), 
resPTSR: 0.74 (0.20), nonPTSR: 0.74 
(0.20) 

Wallin (2012)121 WAD n=28,  II-III Thermal 
detection 
threshold (°C)* 

WAD cold: 
thenar 29.8 (1.3), 
trapezius=29.8 
(2.3), tibialis 
anterior= 28.2 (3.6) 
 
Warm thenar: 34.1 
(2.0), trapezius: 
35.9 (2.5), tibialis 
anterior: 37.8 (4.7)  

Controls cold:  
thenar: 30.7 (0.4), 
trapezius=30.9 
(1.4), tibialis 
anterior=29.1 (1.4) 
 
Warm thenar: 33.5 
(0.4), trapezius: 
35.1 (1.4), tibialis 
anterior: 37.2 (2.7) 

Raak (2006)78 WAD n=17, 
controls n=18 

NA Thermal 
detection 
threshold (°C) 

WAD thenar warm: 
35.03 (2.67), cold 
29.42 (2.12). 
trapezius warm 
37.94 (4.39), cold 
28.75 (4.94)  

Controls thenar 
warm: 33.71 (0.57), 
cold: 29.88 (1.26). 
trapezius warm: 
35.80 (3.13), cold: 
30.28 (1.17) 

Mailis (1995)65 WAD n=32 NA Nerve palpation N=32 patients (positive for symptom 
reproduction upon pressure) 

Kaiser (2012)57 WAD n=75 NA Electrodiagnostic 
testing 

n=75 studies (positive for nerve injury) 

Chien (2008a)16 WAD n=50, 
controls n=31 

II ULNT (degrees 
of elbow flexion) 

WAD: 21.3 (25.5) Controls: 11.0 
(5.21) 

Thermal 
detection 
threshold (°C)* 

WAD (mean, 95% 
CI), heat, index 
finger: 34.91 
(34.05, 35.63), little 
finger: 34.71 
(33.78, 35.63) 
 
Cold index finger: 
28.27 (27.32, 
29.22), little finger: 
27.82 (26.75, 

Controls (mean, 
95% CI), heat, 
index finger: 32.35 
(31.83, 32.88), 
Little finger: 32.32 
(31.91, 32.73) 
 
Cold index finger:  
29.32 (29.13, 
29.51), little finger: 
29.29 (29.10, 
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28.90) 29.47) 

Current 
detection 
threshold 250 Hz 
(mA)* 

WAD (mean, 95% 
CI) elbow: 47.13 
(36.24, 58.02). 
index finger: 94.15 
(80.78, 107.52) 
little finger: 86.81 
(74.98, 98.64) 
tibialis anterior: 
44.43 (37.03, 
51.83) 

Controls (mean, 
95% CI) elbow: 
32.61 (29.43, 
35.80), index 
finger: 62.16 
(52.67, 71.65),  
little finger: 58.82 
(50.61, 67.04), 
tibialis anterior: 
41.94 (36.64, 
47.24) 

Vibration 
detection 
threshold (µm)* 

WAD (mean, 95% 
CI): palmar 1st: 
0.83 (0.64, 1.02), 
palmar 2nd: 0.54 
(0.38, 0.65), dorsal 
5th: 0.51 (0.36, 
0.65) 

Controls (mean, 
95% CI): palmar 
1st: 0.41 (0.32, 
0.50),palmar 2nd: 
0.28 (.022, 0.34), 
dorsal 5th: 0.29 
(0.43, 0.71) 

PPT (kPa)* WAD (mean, 95% 
CI): 196.00 
(171.35, 220.66) 

Controls (mean, 
95% CI): 300.97 
(278.5, 323.44) 

Maimaris 
(1988)66 

WAD n=102 NA Neurological 
examination 

n=18 patients (positive for nerve 
pathology) 

Ovadia (2002)73 WAD n=866 NA Neurological 
examination 

n=20 patients (positive for nerve 
pathology) 

Electrodiagnostic 
testing 

n=127 studies with abnormal findings 
(EMG) 

Steinberg 
(2005)94 

WAD n=330 I-II Electrodiagnostic 
testing 

n=104 studies with abnormal findings 
(EMG) 

Terzis (2009)115 WAD n=25 NA Electrodiagnostic 
testing 

n=25 studies positive test for nerve 
pathology 

Scott (2005)88 WAD n=29 II PPT (kPa)* WAD median: 
162.68 (243.90) 
ulnar: 281.55 
(263.94) 
radial: 191.04 
(243.90) 

Controls median: 
274.55 (255.47) 
ulnar: 373.22 
(285.19) 
radial: 296.80 
(232.17) 

*mean/sd estimated from graph or transformed from alternatively reported summary statistic.   
Abbreviations: (NR): non-recovered; (R): recovered; DN4: Douleur Neuropathique 4; EMG: 
electromyography; ICD: International Classification of Diseases; IQR: interquartile range; NCV: nerve 
conduction velocity; nonPTSR: non-posttraumatic stress reaction; NPSI: Neuropathic Pain Symptom 
Inventory; PPT: pressure pain threshold; PTSD: Posttraumatic Stress Disorder; PTSR: Posttraumatic 
stress reaction; QI: quotient interval; QTF: Quebec Task Force; NA: not available; resPTSR: resolved 
posttraumatic stress reaction; S-LANSS: Self-complete Leeds Assessment of Neuropathic Symptoms 
and Signs; SEM: standard error of the mean; SRF: sympathetic reflex; UE: upper extremity; ULNT: 
upper limb neurodynamic test: WAD: whiplash associated disorders. ACCEPTED
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Table 2. Certainty of neuropathic pain at study level according to the IASP 
Neuropathic Pain Grading System. 
 

Possible Probable Definite 

Outcome Article 
History neurologic lesion & 
neuroanatomically plausible Sensory signs  Diagnostic tests 

Sterling 2009 Patients after whiplash 
injury reporting neck pain, 
S-LANSS (34% positive) 

NA NA 

Possible 
Smith 2013 Patients after whiplash 

injury reporting neck pain, 
S-LANSS (36% positive) 

NA NA 

Possible 
Karlsborg 
1997 

Patients after whiplash 
injury reporting neck pain 

n=5/34 patients 
with upper 
extremity sensory 
loss (light touch) 

NA 

Probable 
Henrikson 
2013 

Patients after whiplash 
injury reporting neck pain 

n=5/20 reduced 
temperature 
sensitivity 

NA 

Probable 
Chuang 2002 Included patients after 

whiplash injury measuring 
the brachial plexus  

NA n=7/85 positive 
NCV and EMG 
findings of nerve 
pathology 

Nerve 
pathology 

Smith 2014 Patients after whiplash 
injury reporting neck pain, 
21% reporting upper 
extremity symptoms 

NA NA 

Possible 
Sterling 2004 Patients after whiplash 

injuring reporting neck pain 
NA NA 

Possible 
Serrano-
Munoz 2019 

Pain after whiplash injury, 
DN4 (n=15/20 indicating 
neuropathic pain), and 
NPSI questionnaires 
(median score pain group: 
3/10) 

NA NA 

Possible 
Sterling 2010 Patients after whiplash 

injuring reporting neck pain, 
48% reporting upper limb 
symptoms 

NA NA 

Possible 
Bowles 2004 Included patients after 

whiplash injury measuring 
the brachial plexus 

NA n=25/25 patients 
with positive 
EMG findings of 
nerve pathology 

Nerve 
pathology 

Greening 
2018 

Patients after whiplash 
injury reporting painful 
symptoms in upper limb, S-
LANSS questionnaire 
(n=4/9 patients indicating 
neuropathic pain) 

n=4/9 (44.4%) 
reduced cutaneous 
sensation in 
median nerve 

MRI: increased 
T2 signal 
intensity brachial 
plexus and 
median nerve at 
wrist 

Definite 
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Hashish 
2017 

Patient after whiplash injury 
referred to pain clinic for 
cervical and lumbar nerve 
assessment 

NA Positive EMG 
testing: cervical 
radiculitis: n= 
315/903; lumbar 
radiculitis n= 
216/903 

Nerve 
pathology 

Chien 2009 Patients after whiplash 
injury reporting neck pain, 
45% reporting arm pain 

Abnormal upper 
extremity thermal, 
vibration, and 
current detection 
thresholds  

NA 

Probable 
Chien 2008b Patients after whiplash 

injury reporting neck pain 
Abnormal upper 
extremity thermal, 
vibration, and 
current detection 
thresholds 

NA 

Probable 
Vaegter 2018 Patients after whiplash 

injury reporting spinal pain 
Abnormal upper 
extremity warm 
detection 
thresholds  

NA 

Probable 
Greening 
2005 

Patients after whiplash 
injury reporting neck and 
arm pain 

NA NA 

Possible 
Pedler 2013 Patients after whiplash 

injury reporting pain 
NA NA 

Possible 
Radanov 
1995 

Patients with pain after 
whiplash injury, 49% 
reporting shoulder pain, 
92% reporting neck pain, 
15% reporting dermatomal 
paraesthesia, tingling 

n=17/117 patients 
neurologic deficit 
(sensory loss, 
reflex loss, 
paresis) 

NA 

Probable 
Alpar 2002 Patients after whiplash 

injury reporting neck and 
shoulder pain 

n=38/38 with 
hypoaesthesia to 
light touch 
and pin prick 
(median nerve 
distribution) 

n=11/38 patients 
had abnormal 
EMG and NCV 
results 

Definite 
Pettersson 
1994 

Patients after whiplash 
injury reporting neck pain, 
69% shoulder pain 

Trigeminal nerve 
hypoaesthesia 
n=9/39 
Reduced 
myotomal strength 
n=4/39 
UE hypoaesthesia 
light touch n=15/39 
UE hyporeflexia 
n=6/39 

NA 

Probable 
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Midha 1997 Included patients after 
whiplash injury measuring 
the brachial plexus 

NA n= 16/16 
abnormal EMG 
or NCV results Nerve 

pathology 
Miranda 2016 Included patients after 

whiplash injury 
NA n=20/20 

abnormal EMG 
and NCV studies 
for nerve 
pathology 

Nerve 
pathology 

Jonsson 
1994 

Patients after whiplash 
injury reporting neck pain, 
79% radiating arm pain 

n=19/24 patients 
with decreased 
strength, 
sensation, or 
reflexes 

NA 

Probable 
Braddom 
2009 

Patients after whiplash 
injury referred to pain clinic 
for cervical and lumbar 
nerve assessment 

NA n=1,248/1,334 
abnormal EMG 
studies for nerve 
pathology Nerve 

pathology 
Kaiser 2014 Included patients after 

whiplash injury measuring 
the brachial plexus 

NA n=12/12 
abnormal EMG 
and NCV studies 
for nerve 
pathology 

Nerve 
pathology 

Coert 1994 Included patients after 
whiplash injury measuring 
the median, radial, or ulnar 
nerves 

NA n=157/157 
abnormal EMG 
or NCV for nerve 
pathology 

Nerve 
pathology 

Sterling 
2006b 

Patients after whiplash 
injury reporting neck pain, 
20% reported shoulder pain 

NA NA 

Possible 
Sterling 2005 Patients after whiplash 

injury reporting neck pain, 
30% reporting shoulder 
pain 

NA NA 

Possible 
Sturzenegger 
1994 

Patients after whiplash 
injury reporting pain, 35% 
reported neurologic 
symptoms, 49% reported 
shoulder pain 

N=17/137 patients 
had neurologic 
deficit (sensory 
loss, reflex loss, or 
paresis with 
radicular 
distribution) 

NA 

Probable 
Goudman 
2020 

Patients after whiplash 
injury reporting pain 

NA No significant 
differences in 
laser evoked 
potentials Possible 
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Sterner 2001 Patients after whiplash 
injury reporting pain, 47% 
report radiating pain in 
arms and hands, 59% 
report paraesthesia in arms 
and hands 

n=14/43 patients 
abnormal thermal 
detection and 
n=11/43 patients 
abnormal vibration 
detection 
(trigeminal nerve) 

NA 

Probable 
Radanov 
1994 

Patients after whiplash 
injury reporting neck pain, 
49% reported shoulder pain 

N=17/117 patients 
neurologic deficit 
in radicular pattern 
(weakness, 
hyporeflexia, or 
hypoaesthesia) 

NA 

Probable 
Sterling 2002 Patients after whiplash 

injury reporting pain 
n=23/156 patients 
(weakness, 
hyporeflexia, or 
hypoaesthesia) 

NA 

Probable 
Bekelis 2014 Patients after whiplash 

injury, n=3,086 patients 
ICD-9 codes for peripheral 
nerve injury 

NA NA 

Possible 
Lo 2007 Patients after whiplash 

injury reporting neck pain 
n=10/20 patients 
(weakness, 
hyporeflexia, or 
hypoaesthesia) 

n=2/20 with 
abnormal EMG 
testing, n=18 with 
at least one 
abnormal 
recording of 
cutaneous silent 
periods Definite 

Sterling 2003 Patients after whiplash 
injury reporting neck pain 

NA NA 

Possible 
Chien 2010 Patients after whiplash 

injury reporting neck pain, 
45% reported radiating arm 
pain 

Reduced thermal, 
vibration, and 
current detection 
thresholds 

NA 

Probable 
Farrell 2020 Patients after whiplash 

injury reporting neck pain, 
46% shoulder or arm pain, 
17% forearm or hand pain, 
S-LANSS and NPSI 
questionnaires  

N=0/24 patients 
with abnormal 
strength, reflexes, 
and light touch 
sensation. 
Findings of 
reduced thermal 
and mechanical 
pain thresholds 

Reduced dermal 
and 
intraepidermal 
nerve fibre 
density (skin 
biopsy) 

Definite 
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Squires 1996 Patients after whiplash 
injury reporting pain, 45% 
report paraesthesia 

n=4/37 patients 
(weakness, 
hyporeflexia, or 
hypoaesthesia) 

NA 

Probable 
Chuang 1998 Included patients after 

whiplash injury measuring 
the brachial plexus 

NA n=14/14 
abnormal EMG 
and NCV studies 
for nerve 
pathology 

Nerve 
pathology 

Sturzenegger 
1995 

Patients after whiplash 
injury reporting neck pain 

n=17/117 patients 
(weakness, 
hyporeflexia, or 
hypoaesthesia) 

NA 

Probable 
Saadat 2011 Included patients after 

whiplash injury, n=78 
patients positive for 
peripheral nerve injury 
using ICD-9 codes 

NA NA 

Possible 
Moog 2002 Patients after whiplash 

injury reporting pain 
n=0/43 patients 
with inability to 
detect light touch, 
punctate pressure, 
warm and cold 
detection 

NA 

Possible 
Sterling 
2006a 

Patients after whiplash 
injury reporting neck pain 

NA NA 

Possible 
Wallin 2012 Patients after whiplash 

injury reporting neck and 
shoulder pain 

Reduced thermal 
detection 
thresholds 

NA 

Probable 
Raak 2006 Patients after whiplash 

injury reporting pain 
Reduced thermal 
detection 
thresholds 

NA 

Probable 
Mailis 1995 Patients after whiplash 

injury reporting pain, 84% 
reported paraesthesia 

NA NA 

Possible 
Kaiser 2012 Included patients after 

whiplash injury measuring 
the brachial plexus 

NA n=75/75 
abnormal EMG 
or NCV studies 
for nerve injury) 

Nerve 
pathology 

Chien 2008a Patients after whiplash 
injury reporting neck pain, 
45% reported radiating arm 
pain 

Reduced thermal, 
vibration, and 
current detection 
thresholds 

NA 

Probable 
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Maimaris 
1988 

Patients after whiplash 
injury reporting pain, 46% 
reported shoulder pain 

n=18/102 patients 
(weakness, 
hyporeflexia, or 
hypoaesthesia) 

NA 

Probable 
Ovadia 2002 Patients after whiplash 

injury reporting pain, 25% 
reporting shoulder pain, 
36% reporting upper limb 
pain 

n=20/866 patients 
(weakness, 
hyporeflexia, or 
hypoaesthesia) 

n=127/866 with 
abnormal EMG 
findings 

Definite 
Steinberg 
2005 

Patients after whiplash 
injury reporting pain, 7% 
reported radiating shoulder 
pain 

NA n=104/330 with 
abnormal EMG 
findings Nerve 

pathology 
Terzis 2009 Included patients with pain 

after whiplash injury 
measuring the brachial 
plexus 

NA n=25/25 
abnormal NCV 
and EMG 
findings for nerve 
pathology 

Nerve 
pathology 

Scott 2005 Patients after whiplash 
injury reporting pain 

NA NA 

Possible 
Abbreviations: Douleur Neuropathique 4 (DN4), Electromyography (EMG), Not available 
(NA), Nerve conduction velocity (NCV), Neuropathic Pain Symptom Inventory (NPSI), Self-
complete Leeds Assessment of Neuropathic Symptoms and Signs (S-LANSS). Nerve 
pathology indicates studies that reported outcomes of diagnostic tests confirming a lesion of 
the somatosensory nervous system (definite neuropathic pain) but did not report sensory 
signs (probable neuropathic pain). 
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 1 

a. Mechanical Detection 
Vibration detection threshold – thumb 

 
 

Vibration detection threshold – index finger 

 
 

Vibration detection threshold – little finger 

 
b. Current Detection 
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 2 

Current detection threshold – index finger 

 
 
Current detection threshold – little finger 

 
 
Current detection threshold - elbow 

 
 ACCEPTED

8 8Copyright � by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.            2021



 3 

Current detection threshold – tibialis anterior  

 
 

c. Thermal Detection  
Cold detection threshold – thumb  

 
 
Cold detection threshold – index finger 

 
 
 

Cold detection threshold – little finger 
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 4 

Cold detection threshold – trapezius muscle

 
 
Warm detection threshold – thumb 

 
 
 

Warm detection threshold – index finger 

 
 
Warm detection threshold – little finger 

 
 
Warm detection threshold – trapezius muscle  
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 5 

d. Neural Mechanosensitivity 
Upper limb neurodynamic testing – median nerve

  

Pressure pain threshold – median nerve 
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