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Abstract 

This systematic review and meta-analysis examined the evidence for altered central pain 

processing in people with non-traumatic neck pain and the relationship between central pain 

processing, demographics and pain-related characteristics. Case-control studies reporting 

measures of altered central pain processing using quantitative sensory testing were reviewed. 

Standardized mean differences (SMDs) and 95% confidence intervals (CIs) between people 

with non-traumatic neck pain and controls were calculated. Meta-analysis was performed using 

random-effects models when appropriate. Associations between SMDs with demographics and 

pain-related characteristics were explored on a study level using meta-regression. Twenty-six 

studies were eligible with 25 included for meta-analysis. Meta-analysis demonstrated 

mechanical hyperalgesia at remote non-painful sites in the full sample [sample size (n)=1305, 

SMD=-0.68] and in the subgroup with moderate/severe disability [n=165, SMD=-0.86] 

(moderate-quality evidence). Meta-regression indicated that remote mechanical hyperalgesia 

was negatively associated with age (R2=25.4%, P=0.031). Very-low- to low-quality evidence 

of remote cold and heat hyperalgesia and dysfunctional conditioned pain modulation were 

identified. This review suggests that altered central pain processing is present in people with 

non-traumatic neck pain and may be associated with disability levels and age.  

[Word count: 179] 

Perspective: This review found moderate-quality evidence of mechanical hyperalgesia at 

remote non-painful sites in patients with non-traumatic neck pain compared to controls, 

indicating altered central pain processing. However, more studies are needed to confirm 

findings from dynamic quantitative sensory testing. 

[Word count: 39] 

Keywords: nonspecific neck pain, idiopathic neck pain, central sensitization, meta-analysis, 

quantitative sensory testing 
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Introduction 

Neck pain is prevalent40 and up to 80% of people with this problem experience long-term 

pain and disability.10 Globally, this problem ranked the fourth greatest cause of disability out 

of 291 conditions studied in the Global Burden of Disease 2010 Study39, with around 29 million 

disability-adjusted life-years reported in 2016.28 Neck pain is generally classified into traumatic 

(whiplash-associated disorders) and non-traumatic neck pain. Most people suffer from non-

traumatic neck pain, which is defined as pain in the neck and/or shoulder regions (with or 

without referral of pain into the upper limb(s)) without trauma or specific diseases at the onset 

of pain development.34, 40 Despite high prevalence of neck pain40, the underlying mechanisms 

contributing to its development and persistence remain unclear. 

Altered central pain processing or central sensitization represents pathophysiological 

functioning of circuits and neurons within the central nervous system.52 It is thought to play an 

important role in many musculoskeletal pain conditions including traumatic neck pain.3, 91 

However, it has been suggested that different pain processes may underlie traumatic and non-

traumatic neck pain.11 In people with non-traumatic neck pain, the current evidence remains 

unclear regarding the involvement and importance of altered central pain processing. A recent 

longitudinal study of 171 office workers found that dysfunctional conditioned pain modulation 

(CPM: thought to reflect the capacity of endogenous pain inhibitory mechanisms)70 is an 

important predictor for chronic non-traumatic neck pain80. Furthermore, the dysfunctional 

CPM remained impaired in office workers who developed neck pain compared to those who 

stayed healthy after one year.81 In contrast, a previous systematic review of six studies found 

inconsistent results regarding the presence of altered central pain processing in non-traumatic 

neck pain.58 However, only a small number of studies were available when the previous review 

was conducted, and this review did not conduct a meta-analysis. Thus, it was not possible to 

confirm the existence and magnitude of altered central pain processing in people with non-
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traumatic neck pain. Considering that altered central pain processing is usually associated with 

poor prognosis44 and lower quality of life83, and demands different medical and therapeutic 

interventions96, an up-to-date meta-analysis is warranted to advance previous work and to 

further clarify whether central alterations are in fact present in non-traumatic neck pain and to 

what magnitude. 

Although a gold standard is lacking, quantitative sensory testing (QST) has been widely 

used as quantifiable experimental measures to evaluate indirectly the presence and nature of 

altered central pain processing. This includes static QST involving the measurement of pain 

responses to normally innocuous and noxious stimuli, including mechanical, thermal and/or 

electrical stimuli.19 Static QST is commonly performed at local painful and remote non-painful 

sites. Sensory alterations at remote non-painful sites such as allodynia (pain produced in 

response to innocuous stimuli) and hyperalgesia (greater sensitivity to noxious stimuli) are 

thought to reflect mechanisms of central pain processing.9, 20, 61 Localized sensory changes, 

however, may not be indicative of central pain processing.49 More recently, dynamic QST has 

been used to evaluate the complex dynamics involved in central pain processing. For example, 

CPM, exercise-induced analgesia paradigms and offset analgesia are thought to assess 

endogenous inhibitory pathways19, 70, temporal and spatial summation of pain provide 

information about facilitatory pathways and central integration19, 95, while nociceptive flexion 

reflex evaluates sensitization of spinal nociception.88  

Some variabilities in findings between studies on central pain processing in non-

traumatic neck pain may be associated with demographic and pain-related characteristics of 

the participants involved, such as age, sex, pain intensity, disability levels, and pain duration. 

For example, sex and age affect the size of differences between people with and without chronic 

pain in the efficacy of CPM.55 Among people with knee pain2, 26 and unilateral lateral 

epicondylalgia15, those with more severe pain and disability have greater hyperalgesia 
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spreading to the remote site and dysfunctional pain modulation. The effect of musculoskeletal 

pain duration on central pain processing is not clearly delineated in the literature. Some studies 

found central sensitization was only present in chronic but not (sub)acute musculoskeletal 

pain33, and longer duration of pain was associated with a greater extent of central alteration.2, 

33 Other studies found that signs of central alteration such as remote hyperalgesia or 

dysfunctional CPM can occur in the (sub)acute stage of, for example, low back pain48 and 

traumatic neck pain21. To further investigate and increase knowledge regarding the role of 

central mechanisms in non-traumatic neck pain, it is necessary to examine the potential 

influence of participants’ characteristics on measures of central pain processing. 

The primary aim of this systematic review and meta-analysis was to quantify the 

differences between individuals with and without non-traumatic neck pain in central pain 

processing as measured by QST. The secondary aim was to examine if such differences were 

associated with demographics and pain-related characteristics in the patient group. As such, 

this systematic review and meta-analysis would provide further insight into the role of central 

mechanisms in non-traumatic neck pain and therefore have implications for designing targeted 

interventions.  

Methods 

This systematic review has been registered in the International Prospective Register of 

Systematic Reviews (PROSPERO) (registration number: CRD42017081007), and has been 

prepared according to the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) checklist.62 

Eligibility criteria  

The PICO approach was applied to establish the eligibility criteria. Eligible articles for 

the systematic review were original studies that examined central sensitization using static QST 

performed at remote sites and dynamic QST (Outcome; O) in patients with non-traumatic neck 
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pain of any duration (Population; P) compared to healthy and pain-free individuals 

(Comparison; C). The remote site was defined as a site that is anatomically distant from the 

neck or shoulder regions. Any reported forms of non-traumatic neck pain were eligible for this 

review, including idiopathic, nonspecific, insidious, mechanical, or work-related neck pain or 

trapezius myalgia. Trapezius myalgia was included because its definition in the literature is 

similar to that of non-traumatic neck pain.22, 65 Studies on a mixed population (e.g. whiplash 

associated disorder and non-traumatic neck pain) were also included as long as results were 

reported separately for at least one group with non-traumatic neck pain. Furthermore, 

considering that individuals with neck pain usually have concurrent pain in other body 

regions45,  studies on a combination of neck and upper limb pain were included if neck pain 

was the main complaint and/or neck pain was predominant in the population (e.g. >50% of the 

population). To enable an exploration of the effect of demographic and pain-related 

characteristics on the effect size of group differences in outcome measures of central pain 

processing, there was no restriction on participants’ age and pain duration. There was no 

limitation in publication language and year.  

Exclusion criteria were studies: (1) on whiplash associated disorders, experimental or 

post-surgical neck pain, or neck pain resulting from specific neck diseases such as cervical disc 

herniation, radiculopathy, and myelopathy; (2) on self-reported questionnaires of central 

sensitization, such as central sensitization inventory, or measures of sensory detection 

thresholds (defined as the point changed from no sensation to the first perceived sensation); (3) 

comparing cases to reference values without measuring a healthy control group; (4) abstracts 

for which full-text reports were not retrievable, letters, editorials, case reports, reviews, or 

meta-analysis.  

To be included for the meta-analysis, one more criterion was applied: at least two studies 

provided sufficient data on the same measure of central pain processing, including mean or 
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median, and standard deviation (SD), standard error, range, interquartile range or 95% 

confidence interval (CI). If there were insufficient data to be included for meta-analysis, emails 

were sent to the authors of the respective articles to obtain further data. If no reply was received 

after three attempts within one month, the article was excluded from the meta-analysis. No 

studies were excluded for the meta-analysis based on the level of risk of bias. 

Information source and search strategy 

Pubmed, Web of Science, CINAHL, Embase, and PsycINFO were comprehensively 

searched. Search terms (MeSH and/or text word search terms) pertaining to neck pain, and 

terms that referred to either a state or method of testing of central pain processing were used 

(Table 1). Search terms were identified and developed using key articles known to the authors, 

and then modified and finalized after pilot searches in Pubmed to strike a balance between 

sensitivity and precision of searches. Reference lists of included studies were systematically 

searched for additional relevant studies. Additionally, a citation search was conducted using 

Google Scholar to identify all relevant articles that made reference to the eligible articles. The 

last searched date was 11 October 2019. 

Study selection 

Two authors (YX and DJ) independently screened title and abstracts, and then reviewed 

full texts independently to identify articles that met the eligibility criteria. Any disagreements 

were firstly discussed and resolved within the two authors (YX and DJ). If consensus could not 

be reached, a third author (BC) made the final decision. 

Assessment of risk of bias  

Risk of bias was assessed using the Newcastle-Ottawa Scale (NOS)94 recommended by 

the Cochrane Collaboration for observational studies.73 As studies included for this review 

compared differences between cases with non-traumatic neck pain and healthy controls, the 
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NOS case-control checklist was used. This checklist uses a star rating system to judge risk of 

bias based on selection and comparability of groups, and ascertainment of the outcome of 

interest. The item assessing non-response rate in the checklist was not used, because it was not 

applicable to all reviewed studies. Details about when the reviewed study was awarded a star 

for an item in the NOS were described in Supplementary 1. A maximum of eight stars can be 

awarded. Studies scoring ≥ 6/8 were considered low risk of bias, 4-5/8 considered moderate 

risk of bias, and ≤ 3/8 considered high risk of bias.26 Two authors (YX and DJ) assessed the 

risk of bias in the included studies independently. Any differences in the individual NOS items 

were firstly discussed and resolved within the two authors (YX and DJ). If agreement could 

not be reached, a third author (BC) made the final decision. The level of agreement between 

the two authors was determined using the Kappa coefficient: <0.5 indicates a low, 0.5 to 0.7 a 

moderate, and >0.7 a high level of agreement.13 

 Data extraction 

A data extraction table agreed upon by all authors was used to extract data from included 

studies for evidence synthesis. Extracted data included publication details, key eligibility 

criteria of patients, medication use, demographics of participants, pain-related characteristics 

of patients (duration, pain intensity, disability levels and whether there was concurrent pain at 

other body regions), outcome measures of central pain processing (modalities and protocols), 

and main findings. To avoid repetition or double counting, for included papers that stemmed 

from the same study, data were extracted from the paper that provided most comprehensive 

information or included a larger sample size. One author (YX) extracted the data while the 

other author (DJ) checked the accuracy of the data.  

Data analysis and synthesis 

Where sufficient data were available, meta-analysis was performed using Review 

Manager (RevMan) (Version 5.3. Copenhagen: The Nordic Cochrane Centre, the Cocharne 
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Collaboration, 2014). Standardized mean differences (SMDs) with 95% CIs were calculated to 

compare patients with non-traumatic neck pain to healthy controls. For studies comparing 

multiple subgroups of non-traumatic neck pain (e.g. based on severity), data were combined 

prior to computing SMDs so that data for control participants were not double counted. An 

additional meta-analysis comparing the subgroup of patients with moderate/severe pain and 

disability to healthy controls was performed. Similarly, for studies including two control 

groups, data were combined to increase sample size and minimize bias. When studies measured 

static QST at several remote sites, data of the furthest site from the neck were used. When 

studies reported data on both left and right sides, data were collapsed into one value to minimize 

bias. For studies reporting outcomes in other formats than mean and SD (e.g. median and 

range), outcomes were converted to mean and SD using the computation methods 

recommended by Wan et al92, because this would minimise loss of precision of the meta-

analysis findings and generally performs better than omitting studies93. For studies presenting 

data using graphs, up to three attempts were made to contact study authors via email to request 

the group means and SDs. If no reply was received, means and SDs were estimated from graphs 

in the reviewed study using the inbuilt measuring tool in Adobe Acrobat (v.9 Pro).  

The SMDs were presented using forest plots. A SMD of <0.20 was considered negligible, 

0.20-0.49 was small, 0.50-0.79 was moderate and ≥0.80 was considered large effect in size.14 

The level of significance was set at P < 0.05. A pooled SMD was calculated using a random-

effects model if the following criteria were met: at least two studies evaluated the same 

outcome measure of central pain processing and heterogeneity was not substantial. 

Heterogeneity was considered when the Crochran’s Q test was significant (P <0.1), and I2 

statistic ≥75% suggests substantial heterogeneity.38 Inverse variance weighting was used for 

the meta-analysis, which gave more weight to studies with a larger sample size. Publication 

bias was examined using a funnel plot and an Egger’s test.  
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Considering that some of the decisions made for the meta-analysis may affect the results, 

sensitivity analyses were conducted to determine the robustness of the meta-analysis.23 The 

influence of the following factors was examined by re-running the analysis excluding studies 

with: moderate or high risk of bias, no blinding of assessment, certain characteristics of 

populations (e.g. studies specific to adolescents or elderly, non-chronic neck pain, or non-

localized neck pain), different definitions of the remote site (e.g. studies using the forearm as 

a remote site), different protocols for a same measure, and reporting medians and ranges.  

For outcome measures that were not appropriate to be combined using meta-analysis, 

summaries of results were presented in a narrative format. 

Meta-regression 

If sufficient data were available (≥10 studies providing sufficient data on the same 

outcome measure), random-effects meta-regression (weighted by the study sample size) was 

conducted using Stata (version14) to assess the effect of exploratory variables, including age, 

sex, pain duration, pain intensity and neck disability index, on the SMD of the outcome 

measures. Considering the modest number of studies available, each exploratory variable was 

tested in a separate univariate meta-regression.4 To increase power, when studies had 

subgroups of patients with non-traumatic neck pain, data from each subgroup were entered 

separately into the meta-regression.  

Assessment of the overall quality of evidence 

Quality of evidence was assessed by an approach modified from the Grading of 

Recommendations, Assessment, Development, and Evaluation (GRADE) criteria.5 As all 

reviewed studies were observational studies, the quality of evidence commenced as low quality 

(meaning, “further research is very likely to have an important impact on confidence in estimate 

of effect and is likely to change the estimate”).5 Considering study limitations (risk of bias), 

imprecision, inconsistency, indirectness and publication bias, quality was downgraded to very 
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low quality (meaning, “very little confidence in the effect estimate”)5 (Supplementary 2). Due 

to insufficient possibilities to upgrade observational studies using the original GRADE 

criteria74, criteria used for upgrading were adapted from that used in a Cochrane exemplar 

systematic review35 according to suggestions from a previous study.74 Considering moderate 

or large effects, consistency, and exposure-gradient responses (Supplementary 2), quality of 

evidence was upgraded to moderate (meaning, “further research is likely to have an important 

impact on confidence in estimate of effect and may change the estimate”), or high quality 

(meaning, “further research is very unlikely to change our confidence in the estimate of 

effect”).  

Results 

In total, 30 papers met the eligibility criteria, reporting results from 26 case-control 

studies (Fig. 1). Some papers stemmed from the same study and they were referenced as a 

single study as follows: Coppieters et al16-18, Gerdle et al30, 76, and Ghafouri et al31, 46 (some 

papers were written by different authors, but represented data of the same study population). 

For these papers, only data from Coppieters et al17, Gerdle et al76, and Ghafouri et al31 were 

extracted and included for analysis. In total, 25 studies (29 papers) were included in the meta-

analysis (Fig. 1). However, for different outcomes of interest, different numbers of studies were 

eligible for meta-analyses (described below).  

Study characteristics 

Most of reviewed studies (n=24) recruited individuals aged between 18 to 64 years 

(Table 2). Of the other two studies, one only recruited adolescents (<18 years old)77 while the 

other only recruited the elderly (≥ 65 years old).90 Participants were all males in one study47, 

and all females in ten studies.17, 30, 31, 36, 43, 51, 65, 72, 82, 90 Most studies (n=20) recruited patients 

with pain for at least three months (eligibility criteria) and with at least mild disability. Only 

two studies8, 43 classified patients into groups of different levels of pain and disability. Nine 
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studies investigated patients with localized neck pain7, 8, 11, 12, 36, 56, 72, 78, 81, while ten studies 

investigated patients with concurrent pain in other body regions such as upper limbs30, 43, 51, 54, 

63, 65, 76, 77, 82, 90. The other studies did not describe if patients had concurrent pain.17, 31, 41, 47, 50, 

57, 84 Regarding the control group, most studies (n = 20) recruited healthy individuals without 

any history of pain in the past year, while some studies (n = 6) recruited patients with occasional 

neck and/or other musculoskeletal pain. Most studies did not provide a clear description 

regarding medication use. Two studies7, 17 only recruited patients reporting stable medication 

intake, and three studies54, 63, 72 excluded participants with regular or current use of medications. 

Participants in six studies30, 31, 51, 54, 87, 90 were asked to refrain from taking medications such as 

analgesics and non-steroidal anti-inflammatory drugs three or seven days prior to or on the 

testing day.   

Risk of Bias of included studies 

The initial agreement rate for risk of bias assessment was 80% (192 out of 240 items) 

with a Kappa coefficient of 0.64, reflecting moderate agreement between the two raters (YX 

and DJ). The disagreement occurred mainly because of reading errors and divergent 

interpretation between two reviewers. The agreement rate reached 100% after discussion 

between the two raters. Eleven studies (42%) were rated as low, 13 (50%) were moderate, 

while two (8%) were high risk of bias (Table 3). More than half of the studies (54%) recruited 

patients with non-traumatic neck pain through convenience sampling (e.g. from a local 

clinic/institute that was easily accessible to researchers), resulting in potential sampling bias. 

Only ten studies (38%) indicated that the investigator who assessed the outcome measures was 

blinded to healthy control and patient status. Most studies matched the patient and control 

group for age and sex, although the majority of studies (73%) did not consider other 

confounders such as psychological factors. 

Meta-analysis and qualitative results 
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Results are presented under headings according to the outcome measures of central pain 

processing employed. Meta-analysis was conducted for pressure pain threshold (PPT), cold 

pain threshold (CPT), heat pain threshold (HPT) and CPM. Regarding other outcome measures, 

meta-analysis was not possible due to insufficient data (e.g. lack of group means and SDs), 

only one study available, or heterogeneity. No reviewed studies measured allodynia, spatial 

summation, offset analgesia, or nociceptive flexion reflex threshold. 

Remote PPT 

Twenty-four studies (11 low, 11 moderate and 2 high risk of bias) tested remote PPT 

using a pressure algometer, which was the most common test used to assess the presence of 

altered central pain processing. Most studies (79%) used the tibialis anterior as a remote site 

(Table 2). The quadriceps17, 54, the foot87 and the extensor radialis brevis muscle12, 36 were other 

chosen remote sites. All studies were included in the meta-analysis (693 patients versus 612 

controls), except for one study87 due to a lack of SDs of remote PPT for both groups. This small 

study (8 patients versus 31 controls) found no significant group differences in PPT at the foot.87 

The pooled SMD was -0.68 (95% CI: -0.86 to -0.49; Fig. 2A), representing a moderate effect 

size of remote mechanical hyperalgesia in patients. Moderate heterogeneity was present (I2 = 

59%, P < 0.001). The SMD remained moderate and consistent across sensitivity analyses 

(Supplementary 3). Pooling of two studies8, 43 comparing patients with moderate/severe pain 

and disability (n=78) to healthy controls (n=87) demonstrated a large SMD of -0.86 (95% CI: 

-1.22 to -0.51; Fig. 2B). The quality of evidence was moderate due to double upgrades for a 

moderate effect size and consistency and a downgrade for study limitation (Table 4). 

Remote CPT 

Six (4 low and 2 moderate risk of bias) studies tested CPT at the tibialis anterior41, 78, 90, 

thigh54, dorsal foot87 and dorsal hand.11 Four studies (90 patients versus 87 controls) were 

included in meta-analysis. Heterogeneity was low (I2 = 30%, P = 0.230). The meta-analysis 
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demonstrated a SMD of 0.51 (95% CI: 0.14 to 0.89; Fig. 3A), representing a moderate effect 

size of remote cold hyperalgesia in patients. However, the pooled SMD became insignificant 

in sensitivity analyses when excluding a study of moderate risk of bias11 or a study on the 

elderly population90 (Supplementary 3). Two studies54, 87 were not included for meta-analysis 

because the group means, SDs or 95% CIs of remote CPT were not available. For these two 

studies, one study87 found remote cold hyperalgesia in patients while the other study54 showed 

no group differences. Overall, the quality of evidence remained low after an upgrade for an 

overall moderate effect size and a downgrade for inconsistency (Table 4). 

Remote HPT 

Five (4 low and 1 moderate risk of bias) studies assessed HPT at the tibialis anterior41, 78, 

90, thigh54 and dorsal foot.87 All studies (80 patients versus 97 controls) were included in the 

meta-analysis. The SMD was -0.37 (95% CI: -0.70 to -0.05; Fig. 3B), representing a small 

effect size of remote heat hyperalgesia in patients. Heterogeneity was low (I2 = 5%, P = 0.380). 

Sensitivity analyses showed that the pooled SMD became insignificant after excluding a study 

on the elderly population90 (Supplementary 3). As a result, the quality of evidence was 

downgraded to very low quality (Table 4).  

Other static QST measures at remote sites 

One low risk of bias study tested mechanical pain threshold at the dorsal foot using a set 

of pinprick stimulators with fixed intensities ranging from 8 to 512 mN, reporting no 

differences between patients (n=8) and controls (n=31).87 One moderate risk of bias study 

assessed pressure pain tolerance (the point at which the participant felt the pain as intolerable) 

remotely at the lower leg using a computer-controlled cuff-algometer, demonstrating lower 

pressure pain tolerance in patients than healthy controls (SMD= -0.78, 95% CI: -1.43 to -

0.12).36 Both measurements of mechanical pain threshold and pressure pain tolerance had very-

low quality of evidence due to imprecision (Table 4). 
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CPM 

Four moderate risk of bias studies17, 36, 54, 81 examined CPM. The conditioning stimulus 

was induced by ischaemic pain at the calf36 or arm54, or cold water immersion of the hand.17, 81 

The outcome measures analysed were absolute and/or percentage changes of PPT at the 

painful/dominant trapezius and/or lower leg17, 36, 54, 81, thermal pain threshold54 or supra-

threshold heat pain at the right thigh54 before compared to during conditioning stimulus. Three 

studies (71 patients versus 58 controls) were included in the meta-analysis, demonstrating a 

small effect size (SMD: -0.36, 95% CI: -0.72 to -0.01) of lower efficacy of CPM in patients 

compared to healthy controls (Fig. 3C). No heterogeneity between three studies (I2 = 0%, P = 

0.470) was observed. In the sensitivity analysis, the SMD became insignificant after excluding 

the study37 using ischaemic pain as the conditioning stimulus (Supplementary 3). One study54 

was not included in the meta-analysis due to insufficient data. The sample size of this study 

was small (10 patients versus 10 healthy controls) and no group differences were found.54 The 

overall quality of evidence for CPM was downgraded to very low due to study limitation and 

inconsistency (Table 4). 

Exercise-induced analgesia  

Two studies12, 47 with moderate risk of bias applied exercise-induced analgesia 

paradigms. Meta-analysis was not possible because of heterogeneity of the methodology. 

Christensen et al12 found that compared to healthy controls, patients with localized chronic 

non-traumatic neck pain had less efficacy of exercise-induced analgesia, as they showed 

significantly increased pain sensitivity and intensity after three sets of slow and fast arm 

movements. In contrast, Kemppainen et al47 showed that 20 to 32 minutes of lower limb aerobic 

exercise induced statistically longer time to pain onset during the cold pressor test and greater 

reduction in pain intensity and unpleasantness in response to supra-threshold cold stimulation 

in patients than health controls. This demonstrated that patients with a history of acute neck 
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pain attacks had greater efficacy of exercise-induced analgesia. However, the patient group in 

the study from Kemppainen et al47 did not have any pain at the time of testing, and no detailed 

information was provided about how significant a neck problem it was. Because of the 

conflicting results reported and large variation of the methodology, evidence was inconclusive 

regarding the case-control difference in the exercise-induced analgesia efficacy. Such evidence 

was evaluated to be very low quality (Table 4). 

Temporal summation of pain 

One moderate36 and one low risk87 of bias studies examined the wind-up ratio to either 

repetitive pinprick or cuff pressure stimuli as a measure of temporal summation. Stimuli were 

applied to the neck/upper thoracic area87, the corresponding dermatome87, the foot87 or the 

lower leg.36 A meta-analysis was not possible due to insufficient data (lack of SDs for groups) 

provided by one study.87 Both studies concluded no significant group differences in temporal 

summation. Such evidence was evaluated to be very low quality (Table 4).  

Assessment of publication bias 

Publication bias was assessed for each meta-analysis. Visual analyses of funnel plots 

showed reasonably symmetrical graphs (Fig. 4) and Egger’s tests confirmed that no publication 

bias was observed for remote PPT (P = 0.507), CPT (P = 0.990), and HPT (P = 0.970), and 

CPM (P = 0.300). 

Meta-regression 

Meta-regression was possible for analysing associations of remote PPT with the patient’s 

age, percentages of female patients, neck disability index and pain duration. Meta-regression 

was not possible for analysing the association between remote PPT and pain intensities, as pain 

intensities of different periods were recorded across studies (some reported average or 

maximum pain levels last week while some reported current pain levels). Age was negatively 
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associated with SMDs of remote PPT [number of observations (n) = 28, P = 0.031, adjusted R2  

= 25.4%]. The study with elderly patients90 showed the smallest effect size, while the study 

with adolescents77 displayed the largest effect size. The effect size of remote PPT was not 

correlated with other variables, including percentages of female patients (n = 28, P = 0.302), 

neck disability index (n =20, P = 0.317) or pain duration (n= 21, P = 0.350).  

Discussion 

Group differences in outcome measures of central pain processing 

This is the first review to quantify the differences in measures of central pain processing 

using meta-analytic techniques, involving 693 patients with non-traumatic neck pain and 612 

healthy controls. We identified moderate-quality evidence of remote mechanical hyperalgesia 

in patients with non-traumatic neck pain, demonstrated by significantly reduced PPT at remote 

sites that are not directly affected by the neck pain. Such a finding was statistically robust and 

pooled SMDs were moderate across all sensitivity analyses, suggesting the group difference 

could be clinically meaningful, although there is no consensus about the magnitude of 

differences in PPT required to be clinically meaningful.85 Additionally, remote thermal (cold 

and heat) hyperalgesia and dysfunctional CPM were also demonstrated in patients with non-

traumatic neck pain. These findings are indicative of central alterations in non-traumatic neck 

pain.  

Remote hyperalgesia is usually accepted as an indicator of central sensitization.9, 20, 61 

Repetitive or prolonged peripheral sensitization, a well-documented sensory change of non-

traumatic neck pain8, 41, 43, 50, 51, 77, 82, 90, can initiate a gradual increase of nociceptive input from 

for example, tight neck and shoulder muscles or active myofascial trigger points1, 25 to the 

spinal cord, eliciting sensitization in the central nervous system.6 When neurons in the spinal 

cord or further upstream are subject to central sensitization, they can exhibit an expansion or 

enlargement of their receptive fields, enabling the occurrence of remote hyperalgesia.52 
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Therefore, hyperalgesia spreading to the remote non-painful site is likely mediated by alteration 

of central pain processing rather than a simple extension of peripheral hyperalgesia or 

inflammation.52  

Dysfunctional CPM, which is thought to indicate descending pain inhibition through 

activating endogenous analgesia pathways19, 70 was evident in non-traumatic neck pain. In 

contrast, enhanced temporal summation, which may reflect increased excitability of spinal cord 

neurons19, 95 was not supported. Different sensory stimuli (e.g. pressure and thermal pain 

thresholds) and different dynamic protocols may provide unique information on distinct 

pathways of pain perception64, or involvement of different spinal, brainstem or cortical levels 

.19, 89 However, this possibility needs to be further confirmed in future studies, as this review 

did not include any brain measures such as measures of central activity using functional MRI.  

Factors such as stress42, depressive symptoms27, pain catastrophizing60, alcohol drinks48 

and sleep disturbance48 could also contribute to altered central pain processing, although were 

not considered in many of the reviewed studies. Hence, the contribution of these cognitive, 

affective, social and lifestyle factors to central pain processing in non-traumatic neck pain 

remains to be determined.  

 

An alternative explanation for the discrepancy in results may also be due to 

methodological issues including but not limited to sample size, quality of studies and different 

protocols used. Perhaps because extensive QST protocols are difficult to apply, and the 

algometer is an easy-to-use instrument for measuring PPT, many reviewed studies only used a 

single measure of PPT, while a small number of studies used dynamic QST with different 

protocols. Furthermore, some other QST measures such as allodynia and nociceptive flexion 

reflex measures were not measured in the reviewed studies, although they might provide some 

more meaningful information about central pain processing. Future investigations are 
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recommended to use more than one type of QST measure to further clarify the evidence of 

specific central pain mechanisms in patients with non-traumatic neck pain. Moreover, to enable 

comparison between studies and reach a firm conclusion, future studies on dynamic QST such 

as CPM should consistently follow the most recent recommended protocols.97 

 

Effect of demographics and pain-related characteristics 

Effects of the patient’s age, the percentage of female patients, neck pain duration, and 

disability levels on the effect size of remote PPT were explored using meta-regression. Age 

was the only factor that was significantly associated with the effect size of remote PPT, with 

the largest effect size evident in the study involving adolescents and the smallest effect size in 

the study on elderly populations. Previous studies reported decreased pain threshold and 

reduced efficacy of endogenous analgesic systems with age due to the age-related alterations 

in the structure and function of both peripheral and central nociceptive pathways.32, 37, 53, 71 

These age-related sensory alterations may make it difficult to find differences in the pain-

related mechanical hyperalgesia in the patient group with older age compared to healthy 

controls. While some reviewed studies did not control for the effect of age, future studies on 

central pain processing should carefully match the age of the population or consider age as a 

confounding factor and make statistical adjustment accordingly. 

Some studies8, 41, 43, 50 reviewed in this systematic review have suggested that remote 

mechanical hyperalgesia is more likely present in women, or those with chronic non-traumatic 

neck pain and severe neck disability. In our meta-regression, these relationships were not 

significant. As meta-regression was performed using study level information rather than 

individual patient data, the lack of variability of these exploratory variables (e.g. the majority 

of studies included female patients with mild disability levels and chronic pain) may have 

resulted in insufficient power to produce significant results. However, a larger effect size 
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(SMD: -0.86) was observed when the subgroup of patients with moderate/severe pain and 

disability were considered, suggesting that the degree of remote mechanical hyperalgesia (and 

thus central sensitization) might be related to disability levels. The effect size of this subgroup 

is comparable to that reported in other types of musculoskeletal disorders that are believed to 

present with altered central pain processing including whiplash associated disorders (SMD: -

0.78, 95% CI: -1.31 to -0.25)17, painful osteoarthritis (SMD: -0.88, 95% CI: -1.11 to -0.65)86, 

and lateral epicondylalgia (SMD: -0.81, 95% CI: -1.42 to -0.20).24  

Implications for research and practice 

This review highlights several aspects that could be addressed in future research. First, 

study quality could be improved by experimental designs such as blinding assessors from 

patient’s status. Furthermore, many studies did not provide a clear description of medication 

use and the extent of concurrent pain although evidence suggests that single site 

musculoskeletal pain is rare45. As medication use and the extent of concurrent pain may affect 

central pain processing, future studies may consider their relationships with various QST 

measures in patients with non-traumatic neck pain.  

Although a clear picture was not found regarding which specific central pain pathways 

were dysfunctional, the current study highlights that non-traumatic neck pain may not be 

exclusively a peripherally driven disorder. Clinicians should be aware that altered central pain 

processing is likely present in particularly patients with moderate and severe neck pain and 

disability. Signs of altered central pain processing such as remote hyperalgesia can predict 

worse musculoskeletal outcomes29 and contribute to poor response to usual treatment44, 75. As 

such, recognizing signs of altered central pain processing might lead to alternative treatments, 

such as desensitizing the central nervous system. In the clinical setting, measurement of PPT 

has advantages of ease of implementation, and might provide useful information regarding the 

presence of altered central pain processing when combined with history taking66 and other 
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clinical sensory tests.98 For patients with non-traumatic neck pain who present with signs of 

altered central pain processing, clinicians may consider shifting from treatments targeting local 

structures to those that target the brain and focus on different features related to central pain 

processing. Individually tailored multimodal or multidisciplinary therapy, for example, 

repeated exposure to clinically-relevant pain79, or cognition-targeted time-contingent 

exercise59 combined with psychological treatment67, pain science education59, sleep 

management68, and/or dietary modifications69 might be promising interventions in decreasing 

pain sensitivity and increasing pain modulatory capacity. However, further studies are needed 

to investigate the effectiveness of these treatments in normalizing central pain processing in 

patients with non-traumatic neck pain. 

Limitations of this review 

Some caveats are identified. First, although extensive key terms and synonyms related to 

neck pain and central pain processing were used, they may not be exhaustive and therefore 

some relevant studies may have been missed. Second, one or two studies could not be included 

for the meta-analysis of PPT, CPT and CPM due to insufficient data available. However, these 

studies had a small sample size. Therefore, they are unlikely to change the conclusions. 

Furthermore, there was only moderate initial inter-rater agreement on the risk of bias 

assessment. This may not truly reflect the risk of bias of the reviewed studies, which in turn 

may alter the quality of evidence found in this review. Lastly, results of the meta-regression 

might be limited by the small number of available studies on patients with non-traumatic neck 

pain with certain characteristics such as patients with acute pain.  

Conclusions 

This meta-analysis demonstrated that compared to healthy controls, patients with non-

traumatic neck pain had a moderate effect size of remote mechanical hyperalgesia (moderate-

quality evidence). Such hyperalgesia was more pronounced in younger patients and in patients 
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with moderate or severe symptoms. Additionally, patients with non-traumatic neck pain 

showed small to moderate effect sizes of remote cold and heat hyperalgesia and dysfunctional 

CPM, although these conclusions were based on very low to low quality of evidence. While 

involvement of altered central pain processing in non-traumatic neck pain is inferred from 

findings of this meta-analysis, additional confirmatory research is needed to examine which 

specific pathways within the central nervous system are involved.  
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Figure legends 

Figure 1. A flowchart showing the process of selection of studies for the review 

Figure 2. Meta-analysis of lower pressure pain threshold (mechanical hyperalgesia) at the 

remote non-painful site in patients with non-traumatic neck pain compared to healthy controls 

(A), and in patients with moderate/severe non-traumatic neck pain and disability (B) compared 

to healthy controls (testing locations of both studies in figure 3B were tibialis anterior).  

The green square with a line represents the effect size and 95% confidence interval of each 

study, with a larger size of the square representing more weight given to the study because of 

a larger sample size. The position of the diamond represents the pooled effect size while the 

width of the diamond represents the 95% confidence interval.  

 

Figure 3. Meta-analysis of higher cold pain threshold (cold hyperalgesia) (A), lower heat pain 

threshold (heat hyperalgesia) (B) at the remote non-painful site, and lower efficacy of 

conditioned pain modulation (absolute changes of pressure pain thresholds) (C) in patients with 

non-traumatic neck pain compared to healthy controls. 

The green square with a line represents the effect size and 95% confidence interval of each 

study, with a larger size of the square representing more weight given to the study because of 

a larger sample size. The position of the diamond represents the pooled effect size while the 

width of the diamond represents the 95% confidence interval.  

 

Figure 4. Publication bias funnel plots for pressure (A), cold (B) and heat pain thresholds (C) 

at the non-painful remote site, and conditioned pain modulation (D).  

SMD = Standardized mean difference, SE = Standard error. 
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Table Legends 

Table 1. An example of the search strategy used in Pubmed to identify potential articles for 

screening. Specific search terms, and combinations of terms are presented. There were no limits 

of language and publication dates. Similar search strategies were conducted in the other 

databases. 

 

Table 2. Characteristics of included studies with data expressed as mean ± SD, median 

(interquartile range) or median [minimum-maximum]. 

 

Table 3. Quality appraisal of the reviewed studies. 

 

Table 4. Summary of evidence for altered central pain processing in individuals with non-

traumatic neck pain compared to healthy individuals. Studies commenced with low quality 

and were downgraded or upgraded based on criteria.  

 

 

 

 


