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ABSTRACT:  

Objective. Given the complex and unclear etiology of neck pain, it is important 

to understand the differences in central sensitization as well as psychosocial 

factors in individuals with chronic neck pain and healthy controls. The purpose 

of this study was to benchmark differences in central sensitization, psychosocial 

factors, and range of motion between people with nonspecific chronic neck pain 

and healthy controls and to analyze the correlation between pain intensity, neck 

disability, and psychosocial factors in people with chronic neck pain.  

Methods. Thirty individuals with chronic neck pain and 30 healthy controls were 

included in this case-control study. Outcome measures were as follows: central 

sensitization (pressure pain threshold, temporal summation, and conditioned 

pain modulation), psychosocial factors (depressive symptoms, pain 

catastrophizing, and quality of life), and active cervical range of motion.  

Results. People with neck pain had lower local pressure pain threshold, a 

decrease in conditioned pain modulation, more depressive symptoms, greater 

pain catastrophizing, lower quality of life, and reduced range of motion for neck 

rotation when compared with healthy controls. In people with neck pain, 

moderate correlations were observed between pain intensity and quality of life 

(ρ = -0.479), disability and pain catastrophizing (ρ = 0.379), and disability and 

quality of life (ρ = -0.456).  

Conclusions. People with neck pain have local hyperalgesia, impaired 

conditioning pain modulation, depressive symptoms, pain catastrophizing, low 

quality of life, and reduced active range of motion during neck rotation, which 

should be taken into account during assessment and treatment. 
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Impact. This study shows that important outcomes, such as central 

sensitization and psychosocial factors, should be considered during 

assessment and treatment of individuals with nonspecific chronic neck pain. In 

addition, pain intensity and neck disability are correlated with psychosocial 

factors. 

 

 

Introduction  

The incidence and prevalence of neck pain has risen in recent years, the latter 

increasing with age.
1,2

 This musculoskeletal disorder may be associated with whiplash 

injuries, myofascial pain syndrome or degenerative abnormalities such as osteoarthritis 

and cervical spondylolysis.
3–5

 Chronic neck pain is generally persistent and can cause 

functional disability,
6
 limiting activity

7
 and lowering quality of life.

6,8
  

Central sensitization (CS) is defined as “increased responsiveness of nociceptive 

neurons in the central nervous system to their normal or subthreshold afferent input.”
9
 

Many individuals with chronic pain, such as fibromyalgia,
10,11

  rheumatoid arthritis,
12

 

osteoarthritis,
13

 low back pain,
14

 and whiplash
11,15

 have presented an involvement of 

central sensitization and impaired endogenous pain modulation. Nevertheless, in 

individuals with nonspecific chronic neck pain, the presence of CS is not clear, the 

available literature provides an inconclusive message and more studies are required
16

. 

Then, to investigate the presence of central sensitization in nonspecific chronic neck 

pain compared to healthy controls may lead to more effective therapeutic approaches. 

Previous studies have investigated deep tissue hyperalgesia in patients with 

chronic neck pain compared to healthy controls and evaluated the pressure pain 

threshold (PPT) in only one or two points on the neck.
17–20

 Further, these studies have 
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considered populations consisting of women,
21

 adolescents,
22

 elderly women,
23

 female 

office workers
24

 or patients with chronic whiplash.
25

 We found only one study that has 

investigated the hyperalgesia considering more points on the neck and shoulder girdle 

area, however, only computers users were recruited.
26

 Consequently, there is a lack of 

studies investigating local hyperalgesia in a larger area of the neck and upper back 

region in patients with nonspecific chronic neck pain compared to healthy controls. 

We have found few studies that have investigated the central sensitization or 

psychosocial factors and in some cases the sample was composed only by women
21

 or 

adolescents
22

 or computers users
26

 with neck pain or it was considered only in patients 

with chronic whiplash.
25

 Psychosocial factors play an important role in the 

chronification of neck pain.
27

 Then, the correlation between psychosocial factors and 

pain intensity or neck disability is also important to promote a better therapeutic 

approach for patients with neck pain. Some studies have observed that greater pain 

catastrophizing was associated with greater neck disability
17,22,28

 or greater pain 

intensity.
28

 However, until this moment we have found no studies that have investigated 

the correlation between neck disability, pain intensity and depression symptoms or 

quality of life. 

Individuals with neck pain seem to exhibit reduced active ROM.
29–31

 A recent 

study showed that reduced neck mobility was associated with pain intensity, neck 

disability, fear of movement and central sensitization, however this study was 

performed only in females.
32

 Therefore, more wide studies are needed to confirm this 

information.  The active neck ROM is important variable that should be investigated in 

individuals with nonspecific chronic neck pain compared healthy controls in order to 

promote a more effective treatment. 
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As such, it is important to highlight that investigating central sensitization and 

psychosocial factors could contribute to more effective assessments and treatment 

choices for this population in the future. As such, the first aim of this study was to 

evaluate the possible differences in central sensitization (PPT, temporal summation (TS) 

of pain, conditioned pain modulation (CPM)), psychosocial factors (ie, depressive 

symptoms, pain catastrophizing and quality of life) and active neck range of motion 

(ROM) between individuals with nonspecific chronic neck pain and healthy controls. 

The second aim was to analyze the correlation between pain intensity, neck disability 

and psychosocial factors in individuals with nonspecific chronic neck pain. We 

hypothesized that individuals with nonspecific chronic neck pain would present central 

sensitization, presence of psychosocial factors, and reduced active neck ROM. In 

addition, we also hypothesized that psychosocial factors would be correlated with their 

pain intensity and/or neck disability. 

Methods 

Study Design 

This is a cross-sectional case-control study that followed STROBE statement.
33

 

The study was carried out at the Physiotherapeutic Resources Laboratory of the Federal 

University of São Carlos (UFSCar) and approved by the institutional Research Ethics 

Committee under protocol number CAAE: 81711417.0.0000.5504. All individuals gave 

written informed consent. The study was conducted in compliance with the Helsinki 

declaration. 

Participants 

We recruited a consecutive, nonprobabilistic convenience sample of individuals 

via electronic media, posters and oral communication in the city of São Carlos. 

Individuals with neck pain and healthy controls, aged between 18 and 65 years, were 
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selected. Inclusion criteria were chronic (neck pain lasting more than 3 months),
7
 

nonspecific (neck pain without known specific causes, such as radiculopathy or 

trauma)
21,34

, bilateral or unilateral neck pain, either localized or radiating to surrounding 

areas
4
, and scores ≥3 on the Numerical Rating Scale (NRS)

35
 and ≥ 5 on the Neck 

Disability Index (NDI).
36

 

Pain intensity was assessed by the NRS, an 11-point scale that rates pain from 0 

(no pain) to 10 (worst possible pain).
35

 Individuals rated their current pain intensity 

while resting, as well as average intensity in the 24 hours before assessment and during 

active neck movements. For movement-evoked pain, the highest pain intensity score 

during neck flexion, extension, tilting and right and left rotation was considered. The 

NDI was used to assess neck disability.
36

 The scores of the 10 items comprising the 

NDI were added (the higher the total score, the greater the disability). 

Healthy individuals were also selected as controls, matched for sex, body mass, 

height, body mass index (BMI) and age to individuals with nonspecific chronic neck 

pain.  Inclusion criteria for controls were no reports of neck pain for more than 7 days in 

the last 12 months and a score <5 on the NDI.  

General exclusion criteria for both groups were signs of radiculopathy in the 

upper limbs (loss of myotome muscle strength, sensory loss at dermatomes and/or 

changes in reflexes), whiplash associated disorder, other chronic pain conditions, 

pregnancy, history of trauma, fractures or neck surgeries, inflammatory rheumatic, 

neurological or cardiorespiratory diseases, cardiac pacemaker, systemic hypertension or 

uncontrolled diabetes, and tumors. Also excluded were individuals who had received 

physical therapy or cervical injections in the last 3 months, started engaging in any 

physical activity in the last two weeks or used analgesics, use of anti-inflammatory 

drugs or muscle relaxants in the 24 hours prior to assessment. 
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Procedure 

 First, all included individuals were asked to their demographics and clinical 

characteristics. Subsequently, they completed the questionnaires related to psychosocial 

factors. Afterward, an experienced researcher (VRS)c performed the tests to investigate 

the central sensitization and active neck ROM. 

Outcome Measures 

Central Sensitization 

Pressure pain threshold (PPT) 

The PPTs were evaluated using a digital pressure algometer (Somedic
®
, Hӧrby, 

Sweden), with a 1 cm
2 

rubber probe and pressure rate of approximately 40 kPa/s. 

Individuals held the stop button of the algometer with the hand contralateral to the limb 

being assessed and were instructed to press it when the pressure stimulus became a clear 

sensation of pain, whereupon the pressure was recorded. The following points were 

evaluated bilaterally: C2 and C5: 2 cm laterally from the spinous processes of C2
37

 and 

C5,
38

 respectively; UT (upper trapezius): midway between the spinous process of C7 

and the lateral edge of the acromion
39

; LS (levator scapulae): 2 cm above the superior 

angle of the scapula
40,41

; T4 and T8: 2 cm laterally from the spinous processes of T4 and 

T8, respectively (Suppl. Appendix 1); and the middle third of the right tibialis anterior 

muscle (TA), considered an asymptomatic distant site to verify the presence of distant 

hyperalgesia
23,24

. The average of three measurements was considered for each point, 

with a 30-second interval between them to prevent temporal summation (TS).
42

  

The intrarater reliability of these measurements was tested before the study, with 

ten healthy individuals and a 48-hour interval between assessments. The intraclass 

correlation coefficient (ICC2,3) was considered excellent for average values measured at 

points C2, C5, UT, LS, T4 and T8 (bilaterally) (0.866; 95% CI = 0.460 to 0.967) and for 
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the TA muscle (0.956; 95% CI = 0.824 to 0.988). 

Topographical pressure pain sensitivity maps of the neck and shoulder girdle areas 

Individuals’ posture and the position of the points were standardized in order to 

design and compile topographical sensitivity maps of the neck and shoulder girdle 

areas.
42

 A schematic diagram of the points based on the average body mass, height and 

BMI was used to establish the x and y coordinates of each point.  The absolute mean of 

the PPT values at the twelve points assessed (C2, C5, UT, LS, T4 and T8, bilaterally) 

was used. Inverse distance weighted interpolation was applied to obtain the distribution 

of the PPT values for all 60 individuals, in agreement with.
43

 The sensitivity maps of the 

neck and shoulder girdle areas were generated in Matlab (The Mathworks, Natick, MA, 

USA). 

Temporal summation of pain was analyzed on the most painful side of the UT or 

the dominant side in the absence of a more painful side or when pain intensity was the 

same on both sides. Ten pressure stimuli were applied, at the pressure value previously 

obtained in algometry and a rate of 40 kPa/s, with a 1-second interval between them. 

Individuals were instructed to quantify the pain intensity of the first, fifth and tenth 

stimuli based on the NRS scale
44

. Pain intensity of the tenth stimuli was subtracted from 

that of the first. The intrarater reliability of these measurements was tested before the 

study, with ten healthy individuals and a 48-hour interval between assessments. Good 

reliability was observed according to the intraclass correlation coefficient (ICC2,3) 

(0.710; 95%CI = 0.295 to 0.930). 

For CPM, the conditioning stimulus used was the cold pressor test and the test 

stimulus, the PPT on the least painful side of the UT (the least painful side was chosen 

because before this test we have performed the TS of pain test using the most painful 

side and this point could be more sensitive due to temporal summation
42

) or the non-
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dominant side in the absence of radiating pain to the shoulder girdle or when pain 

intensity was the same on both sides. Individuals were instructed to immerse their hand 

(up to the wrist) in a bucket of water (22°C) for 1 minute to standardize hand 

temperature,
21

 and then immerse it in a bucket of ice water (4°C),
45

 moving it back and 

forth to prevent heat buildup around the hand
46

. After 30 seconds of immersion, 

individuals were asked to rate their pain intensity in the hand based on the NRS (0-10) 

to verify the magnitude of effect of this noxious stimulus that was used to induce a 

reduction in the perception of pain from another test stimulus (PPT at the upper 

trapezius).
47,48

 Then, it was recorded the pain intensity the immersed hand. Thirty 

seconds later they were instructed to remove their hand from the water to prevent 

distraction bias and the PPT of the UT was measured again.
46,47

 The average values 

obtained before and after immersion were subtracted to assess the efficacy of CPM, 

whereby the lower the result the less effective the endogenous pain inhibition.  

Psychosocial factors 

The Beck Depression Inventory (BDI) was applied to assess depressive 

symptoms,
49

. Pain Catastrophizing Scale (PCS) was used to evaluate pain 

catastrophizing.
50

 High scores indicating greater presence of depressive symptoms and 

greater pain catastrophizing, respectively. Quality of life was assessed by the 12-Item 

Short-Form Health Survey – version 2 (SF-12v2).
51

 An algorithm is used to measure the 

physical and mental component summary scores on a scale of zero to 100, whereby 

higher scores are associated with better quality of life.
51,52

 

Active range of motion (ROM) 

Active ROM was measured using a fleximeter (Sanny, São Paulo, Brazil). The 

fleximeter was positioned on the temporal bone to measure flexion and extension 

movements, on the forehead for tilting and on top of the head to measure rotation.
53
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The intrarater reliability of these measurements was tested before the study, with ten 

healthy individuals and a 48-hour interval between assessments. The intraclass 

correlation coefficient (ICC2,3) was considered excellent for flexion (0.917; 95% CI = 

0.665 to 0.979), extension (0.964; 95% CI = 0.854 to 0.991), right tilting (0.941; 95% = 

CI = 0.761 to 0.985), left tilting (0.982; 95% CI = 0.927 to 0.996), right rotation (0.984; 

95% CI = 0.574 to 0.974) and left rotation (0.907; 95% CI = 0.624 to 0.977). 

Pain intensity and neck disability in individuals with chronic neck pain 

 The average intensity pain in the last 24 hours before assessment and neck 

disability were evaluated using the NRS
35

 and the NDI,
36

 respectively. These variables 

were correlated with psychosocial factors.  

Sample size calculation 

The sample size was calculated to detect a difference of 80 kPa between groups 

and a standard deviation of 100 obtained from a previous data on PPT and neck 

pain.
24,54

 At a significance level of 0.05 and power of 80%, the required sample size in 

each group was 26 individuals (Minitab, v.15, State College, PA). Allowing for 

attrition, 30 individuals were therefore recruited for neck pain group and 30 individuals 

for healthy control, for a total of 60 individuals.  

Statistical Analysis 

All the statistical analyses were performed with IBM SPSS Statistics 19 software 

(IBM SPSS, Armonk, New York). Descriptive statistics, mean and standard deviation, 

or median and interquartile range were calculated for each variable. The Shapiro-Wilk 

test was applied to assess data normality and Levene’s test for homogeneity of variance. 

Parametric and nonparametric tests were used to analyze data with normal and non-

normal distribution, respectively. 
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The Shapiro-Wilk test showed normal distribution for neck range of motion; as 

such, the independent t test was applied to determine differences in degrees for flexion, 

extension, left and right tilting and rotation between individuals with neck pain and 

healthy controls. Non-normal data distribution was identified (Shapiro-Wilk) for PPT, 

TS, CPM, depressive symptoms, pain catastrophizing and quality of life, which were 

then analyzed by the Mann-Whitney U test to compare the two groups. Cohen’s d was 

used to assess effect size, classified as small (0.2), medium (0.5) or large (0.8).
55

 

Spearman correlation coefficient was applied to correlate pain intensity, neck disability 

and the psychosocial factors studied (depressive symptoms, pain catastrophizing and 

quality of life) in patients with chronic neck pain, with values < 0.3 considered low, 0.3 

to 0.5 moderate and > 0.5 strong correlation.
55

 A 95% CI was used and statistical 

significance was set at p < 0.05.  

[H2] Role of the funding source  

The funder had no role in the study design, data collection, management, 

analysis, or interpretation, writing the report or the decision to submit the 

manuscript for publication, nor does it have ultimate authority over any of these 

activities. 

 

Results 

Participant characteristics 

Thirty individuals with nonspecific chronic neck pain and thirty healthy controls 

were included in the study, with no missing data for any individuals. Demographic and 

clinical characteristics are presented in Table 1. Both groups were matched for sex, age, 

body mass, height and BMI. 

Central sensitization 
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The bilateral PPT at points C2, C5, LS, T4 and T8 were significantly lower in 

the neck pain group, with a moderate to large effect size (d = -0.47 to 0.74), when 

compared to healthy controls (all: P < .05) (Fig. 1). There were no significant 

differences between groups for PPT at points on the right and left upper trapezius (both: 

P > .05) and right TA muscle (P = .133) (Tab. 2 and Fig. 1). Figure 2 shows the 

topographical maps of individuals with nonspecific chronic neck pain and healthy 

controls indicating pressure hyperalgesia at C2, C5, LS, T4 and T8 points bilaterally in 

neck pain group as compared to healthy controls.  No statistically significant between 

groups differences were observed for TS (P = .774). The magnitude of CPM (PPT after 

the cold pressor test minus the PPT before testing) was significantly lower in the neck 

pain group when compared to controls (P = .002), with a large effect size (d = -0.77) 

(Tab. 2 and Suppl. Appendix 2). Pain intensity mean (SD) in the hand during the 

conditioning test was 7.9 (2.0) in individuals with neck pain and 7.9 (2.0) in healthy 

controls. 

Psychosocial measures 

Scores on the BDI and PCS were significantly higher in the neck pain group as 

compared healthy controls (both: P < .001) (Tab. 2). Individuals with chronic neck pain 

reported significantly lower scores on the SF-12v2 (P = .004) when compared to 

healthy controls (Tab. 2).  

Active Range of motion 

There was a significant decrease in ROM for right and left rotations (P < .05) in 

individuals with neck pain when compared to healthy controls (Tab. 3). No significant 

differences between groups were observed for active flexion, extension or tiltings (all: P 

˃ .05) (Tab. 3). 
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Correlation between average pain intensity in the last 24 hours, neck disability, BDI, 

PCS and SF-12 in individuals with chronic neck pain 

Spearman correlation identified a significant moderate negative correlation 

between pain intensity and quality of life (ρ = -0.479; P = .007), and moderate positive 

correlation between pain intensity and neck disability (ρ = 0.496; P = .005) (Tab. 

4).There was also a significant moderate positive correlation between disability and pain 

catastrophizing (ρ = 0.379; P = .039) and a significant moderate negative correlation 

between disability and quality of life (ρ = -0.456; P = .011) (Tab. 4). 

 

Discussion 

The results of this study revealed lower PPT in the neck and shoulder girdle 

areas, a decrease in CPM, the presence of depressive symptoms, greater pain 

catastrophizing, lower quality of life, and reduced active ROM for rotation in 

individuals with chronic neck pain compared to healthy controls. In addition, as 

hypothesized, greater pain intensity and neck disability were moderately correlated with 

psychosocial factors. 

Similarly to our findings in relation to PPT of the neck, other studies reported a 

decline in PPT in individuals with chronic NP when compared to controls
17,22,23,56–58

. 

However, these studies investigated only one or two points on the neck and in our study 

PPT was measured in twelve points on neck and shoulder girdle areas.  

With respect to PPT in TA muscle, our findings are in line with those of other 

studies that also reported no distant hyperalgesia in individuals with neck pain 

compared to healthy controls
17,19,21,23,24,26,59

. By contrast, other studies have observed 

lower PPT values of the anterior tibialis muscle in individuals with neck pain when 

compared to healthy individuals
22,24,57,60

. Given the controversial results regarding 
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secondary hyperalgesia in individuals with neck pain, further research is needed to 

assess the presence of this variable. 

In this study, topographical mapping confirmed that individuals with chronic 

neck pain showed greater pressure pain sensitivity.  Additionally, the neck region was 

more sensitive than the shoulder girdle area in both groups, in agreement with Binderup 

at al.
43

 In contrast with our findings, Ge et al, 2014 reported no significant differences in 

topographical pressure pain sensitivity maps between computer users with and without 

chronic pain in the neck.
26

 However, it should be noted that the authors analyzed 

individuals who reported pain on the day of the experiment or in the last 24 hours, 

whereas individuals in the present study had experienced pain for more than 3 months. 

Our findings are in line with other studies that also found no increase in TS in 

individuals with whiplash-associated disorders
25

 and musculoskeletal shoulder pain
61

 

compared to healthy controls. In this study, the effectiveness of CPM decreased in 

individuals with nonspecific chronic neck pain in relation to healthy controls. These 

findings indicate changes in the endogenous pain inhibition mechanism also observed in 

individuals with chronic low back pain.
62

 However, in those with chronic neck pain, 

other studies found no decrease in the effectiveness of CPM in individuals with 

nonspecific chronic neck pain when compared to healthy controls.
21,63

 

The PPTs, TS of pain and CPM tests were used to investigate the presence of 

central sensitization in individuals with nonspecific chronic neck pain. As previously 

mentioned, the results obtained for these outcomes are controversial, however, central 

sensitization may be present in some individuals with neck pain
26

 even though it is not 

characteristic in this population
16

. 

As in our study, other studies displayed the presence of depressive 

symptoms,
64,65

 pain catastrophizing
17,22,64

 and lower quality of life
18,21

 in individuals 
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with chronic neck pain compared to controls. Assessing and treating these 

psychological factors are important in order to optimize the effectiveness of pain 

therapy for these individuals. 

Individuals with neck pain exhibited reduced ROM for neck rotation when 

compared to healthy controls. Recent reviews concluded that individuals with neck pain 

seem to exhibit reduced active ROM for flexion, extension and rotation in relation to 

healthy individuals.
29,30

 It is important to highlight that these differences in findings 

may be related to the different measuring instruments used. In our investigation, active 

ROM of the cervical spine was measured with a fleximeter, whereas previous studies 

used other devices.
29,30

 In addition, some limitations are mentioned by aforementioned 

reviews
29,30

: studies with no difference between patients and healthy controls are more 

likely to keep unpublished than those reporting positive results, inadequate blinding of 

evaluators may have enlarged the difference in measurements and there is a poor 

reporting in relation to test methods and evaluator background and training. Then, 

additional research with better quality and more detailed descriptions of the individuals 

and methods to obtain more consistent findings are needed.  

Correlation between pain intensity, neck disability and psychosocial factors in 

individuals with neck pain. 

The present study demonstrated that higher pain intensity is correlated with 

greater neck disability and low quality of life. In contrast with our results, Muñoz-

García et al, 2017 found no correlation between pain intensity and neck disability.
17

 Our 

study also showed that neck disability is correlated with poor quality of life. In addition, 

the neck disability also is moderately correlated with pain catastrophizing, as reported in 

other studies with patients with neck pain.
17,22,28

 Therefore, pain intensity and disability 

can affect quality of life, while neck disability may influence pain catastrophizing or 
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vice versa, since a causal relation cannot be established. Based on these findings, these 

aspects should be evaluated, and the therapeutic approach requires more than analgesics 

and physical treatment modalities (electrophysical agents, manual therapy or exercises) 

to improve ROM. The presence of central sensitization and psychosocial factors makes 

it important to adopt a multidisciplinary approach as well as neurophysiological pain 

education to effectively rehabilitate these individuals. 

Limitations 

The PPT at distant sites was only assessed in the middle third of the TA muscle 

and additional points should be evaluated to analyze the distant hyperalgesia mechanism 

in this group. Anxiety was not evaluated, and we think it is important to investigate it, 

and to verify if it is correlated with pain intensity or neck disability. It will provide more 

information that can be used for a better approach in the assessment and treatment of 

individuals with nonspecific chronic neck pain. 

Conclusions 

Local hyperalgesia, impaired conditioning pain modulation, depressive 

symptoms, pain catastrophizing, poor quality of life and reduced active ROM for neck 

rotation were observed in individuals with nonspecific chronic neck pain.  Additionally, 

there is a significant correlation between intensity pain, neck disability and psychosocial 

factors. As such, pain management, neck mobility and psychosocial components should 

be assessed and taken into account in the therapeutic approach adopted for this 

population. 
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Table 1.  Demographics and Clinical Characteristics of Participants With Neck Pain 

and Healthy Subjects (Control)
a 

Variable 

Groups   

Neck Pain Control p  

(n = 30) (n = 30) 

 Sex - n (%) 

  

  

     Male 14 (47%)  14 (47%)  1.000
b
 

     Female 16 (53%)  16 (53%)  

 Age, years - Mean ± SD 27.17 ± 4.76 27.63 ± 4.46 .697
c
 

Body mass, Kg - Mean ± SD 68.77 ± 10.00  68.88 ± 10.44 .967
c
 

Height, m - Mean ± SD 1.70 ± 0.09 1.69 ± 0.10 .737
c
 

BMI, Kg/m² - Mean ± SD 23.82 ± 2.23 24.07 ± 2.33 .656
c
 

Ethnicity - n (%) 

        Caucasian  22 (73%) 27 (90%) 
.095

b
 

     Others 8 (27%)  3 (10%) 

Education - n (%) 

        High school or less 9 (30%) 4 (13%) 
.117

b
 

     Some college or above 21 (70%) 26 (87%) 

Marital Status - n (%) 

        Single 23 (77%) 28 (93%) 
.145

d
 

     Married 7 (23%) 2 (7%) 

Physically active (≥ 3/week) - n (%) 16 (53%)  20 (67%) .292
b
 

Smoker - n (%) 3 (10%) 0 (0%) .237
d
 

Dominance upper limb - n (%) 

  
 

     Right 28 (93%)  25 (83%) .424
d
 

Pain intensity (NRS) - Mean ± SD 

  
 

     At rest 4.20 ± 2.09 - 
 

     Pain average in the last 24 hours 5.16 ± 2.03 - 
 

     Worst pain during movement 6.06 ± 2.28 - 
 

Pain duration - n (%) 

  
 

     3 months - < 1 year  4 (13) - 
 

     1 year - < 3 years  12 (40) - 
 

     3-5 years 5 (17) - 
 

     ˃ 5 years 9 (30) - 
 

Disability (NDI) - Mean ± SD 12 ± 4.58 - 

 Duration of pain crisis (days) - Mean ± SD 1.7 ± 1.0 - 

 Crisis per month - Mean ± SD 13 ± 10 - 

 Consumption of medicines - n (%) 

        If necessary  16 (53) - 

      Daily 2 (7) - 

      Weekly 2 (7) - 

      Monthly 0 (0) - 

      None 10 (33) - 

 Pain Medication - n (%) 

        Opioid  0 (0) - 

      Non-opioid 13 (43) - 

      Combo 0 (0 - 

      Muscle relaxants 7 (23) - 

      Topical anti-inflammatories 0 (0) - 
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     None 10 (33) - 

 Headache - n (%) 23 (76) 17 (56) .100
b
 

Relationship between neck pain and headache - n (%) 

       Headache - neck pain 3 (10) - 

      Neck pain - headache 17 (57) - 

      No relation  10 (33) -   
a
 BMI = body mass index; Kg: kilograms; m = meters; n = 

number of participants; NDI = neck disability index; NRS = 

numerical rating scale; SD = standard deviation.  
b
 Statistical analysis were performed using a Pearson Chi-Square 

test. 
c
Data that were normally distributed and analyzed with 

Independent t test. 
d
 Statistical analyses were performed using Fisher Exact test. 
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Table 2. Outcome Measures of Central Sensitization and Psychosocial Factors Between 

Individuals With Nonspecific Chronic Neck Pain and Healthy Controls
a
 

Outcome measures 

Groups     

Neck Pain Control 

p ES (d) 

(n = 30) (n = 30) 

Pressure Pain Threshold (kPa) 

    

     Right C2 141 [111, 190] 210 [162, 266] .004
b
 -0.74 

     Left C2 146 [109, 184] 198 [154, 257] .007
 b
 -0.67 

     Right C5 156 [113, 208] 191 [147, 259]  .024
 b
 -0.52 

     Left C5 140 [114, 176] 203 [146, 278] .004
 b
 -0.69 

     Right Upper trapezius 174 [138, 204] 200 [141, 252] .249 -0.22 

     Left Upper trapezius 184 [136, 221] 204 [155, 243] .315 -0.26 

     Right Levator scapulae 181 [136, 275] 245 [181, 346] .009
 b
 -0.47 

     Left Levator scapulae 163 [148, 248] 255 [212, 320] .001
 b
 -0.64 

     Right T4 206 [143, 316] 260 [221, 402] .011
 b
 -0.64 

     Left T4 227 [173, 278] 284 [244, 389] .006
 b
 -0.71 

     Right T8 237 [167, 306] 306 [231, 415] .012
 b
 -0.66 

     Left T8 246 [178, 295] 336 [240, 404] .016
 b
 -0.70 

     Right Tibialis anterior muscle 279 [228, 389] 364 [234, 481] .133 -0.47 

Pain temporal summation (10º- 1º) (0-10) 1 [0, 2.5] 1 [0.25, 2] .774 -0.10 

CPM (Difference scores, kPa) 

82.7 [59.9, 

97.2] 

116 [87.1, 

141] 

.002
 b
 -0.77 

Depressive symptoms (BDI) (0-63) 7 [6, 13] 4 [2.25, 6] < .001
 b
 1.21 

Pain catastrophizing (PCS) (0-52) 15 [8, 22] 3.5 [0, 11] < .001
 b
 1.12 

Quality of life (SF-12v2)  

    

     PCS - Physical Component Summary 50.8 [46, 56.9] 57 [55.1, 59] .004
 b
 -0.89 

     MCS - Mental Component Summary 45.4 [38.2, 52.7 [44.9, .004
 b
 -0.73 
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49.5] 56.8] 

a
Values are presented in median and interquartile range. Abbreviations: BDI: Beck Depression 

Inventory; CPM: Conditioned Pain Modulation; d: Cohen´s;ES: effect size; n: number of individuals; 

IQR: interquartile range; kPa: kiloPascal; PCS: Pain Catastrophyzing Scale; SF-12v2: 12-Item Short-

Form Health Survey - version 2.  

b
Statistically significant difference: p < .05.  

 

 

Table 3. Mean (SD) ROM and Mean Difference (95% CI), P, and Effect Sizes (Cohen's D) Between Groups
a
 

Outcome 

Groups       

Neck pain Control Mean Difference (95% 

CI) 

p ES (d) 

(n = 30) (n = 30) 

Range of motion (°C) - Mean ± 

SD      

     Flexion 62.4 ± 11.8 59.9 ± 13.6 2.48 (-4.12 to 9.10) .455 0.19 

     Extension 67.5 ± 13.7 72.7 ± 12.8 -5.21 (-12.10 to 1.67) .135 -0.39 

     Right tilting 50.8 ± 9.3 48.2 ± 10.0 2.62 (-2.38 to 7.62) .299 0.27 

     Left tilting 48.6 ± 8.1 48.7 ± 10.8 -0.04 (-4.99 to 4.90) .986 -0.00 

     Right rotation 69.2 ± 8.6 74.6 ± 10.5 -5.43 (-10.43 to -0.43) .034
b
 -0.56 

     Left rotation 74.1 ± 11.0 79.9 ± 8.9 -5.80 (-11.01 to -0.58) .030
b
 -0.57 

a
ES = effect size; d = Cohen´s; n = number of individuals; ROM = range of motion; SD = standard deviation. 

b
Statistically significant difference; p < 0.05 (Independent t test).
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Table 4. Correlations Between Average Pain Intensity in the Last 24 Hours, Neck Disability and 

Psychosocial Factors in Individuals With Nonspecific Chronic Neck Pain Individuals (n = 30)
a
 

 

Measure  

 

Measure 

 

Pain Intensity Related Variables 

 

 Neck Disability Related Variables 

Variable p  95% CI correlation (ρ)   p  95% CI correlation (ρ) 

BDI .648 -0.443 to 0.292 -0.087 

 

.197 -0.140 to 0.562 0.242 

PCS .092 -0.064 to 0.612 0.313 

 

.039
b
 0.010 to 0.657 0.379 

SF-12v2 - PCS .007
b
 -0.721 to -0.133 -0.479 

 

.011
b
 -0.706 to -0.103 -0.456 

SF-12v2 - MCS .645 -0.298 to 0.443 0.088 

 

.339 -0.516 to 0.203 -0.181 

NDI .005
b
 0.155 to 0.732 0.496 

 

- - - 

a
n = number of individuals; PCS = Pain Catastrophizing Scale; SF-12v2 - MCS = Short-Form Healthy 

Survey version 2 - Mental Component Summary; SF-12v2 - PCS = Short-Form Healthy Survey version 2 - 

Physical Component Summary. 

b
 The Spearman correlation was significant (p ≤ 0.05). 
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FIGURE LEGENDS  

 

FIGURE 1. Pressure pain threshold (PPT) measurements. Median value and 

interquartile range of ppt measurements at each point in the neck and shoulder girdle 

areas. *p < .025 (Mann-Whitney Test / Bonferroni correction: .05/2). kPa = kilopascal; 

LS = levator scapulae; TA = tibialis anterior muscle; UT = upper trapezius.  

 

 

FIGURE 2. Pressure pain sensitivity maps of the neck and shoulder girdle areas in 

individuals with neck pain and healthy controls. The maps show lower PPTs at C2. 

C5. levator scapulae. T4 and T8 (x) bilaterally in individuals with neck pain when 

compared to healthy controls. kPa = kiloPascal. 
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Supplementary Appendix 1. Representation of the 12 points used for pressure pain 

threshold assessment in the neck and shoulder girdle areas. 1: left C2; 2: right C2; 

3: left C5; 4: right C5; 5: left upper trapezius (UT); 6: right UT; 7: left levator scapulae 

(LS); 8: right LS; 9: left T4; 10: right T4; 11: left T8; 12: right T8. 

 

Supplementary Appendix 2. Conditioned pain modulation (CPM). Score differences 

(kPa) between individuals with neck pain and healthy controls. kPa: kiloPascal; Mann-

Whitney test. p = .002. 
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