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ABSTRACT 

Facilitated pain mechanisms and impaired pain inhibition are often found in chronic pain patients. 

This study compared clinical pain profiles, pain sensitivity, as well as pro-nociceptive and anti-

nociceptive mechanisms in patients with localized low back pain (n=18), localized neck pain 

(n=17), low back and radiating leg pain (n=18), or neck and radiating arm pain (n=17). It was 

hypothesized that patients with radiating pain had facilitated pain mechanisms and impaired pain 

inhibition compared with localized pain patients. Cuff algometry was performed on the non-painful 

lower leg to assess pressure pain threshold (cPPT), tolerance (cPTT), temporal summation of pain 

(TSP: increase in pain scores to ten repeated stimulations at cPTT intensity), and conditioning pain 

modulation (CPM: increase in cPPT during cuff pain conditioning on the contralateral leg). Heat 

detection (HDT) and heat pain threshold (HPT) at the non-painful hand were also assessed. Clinical 

pain intensity, psychological distress, and disability were assessed with questionnaires. TSP was 

increased in patients with radiating back pain compared with localized back pain (P<0.03). Patients 

with radiating arm pain or localized low back pain demonstrated hyperalgesia to heat and pressure 

in non-painful body areas (P<0.05), as well as well as a facilitated clinical pain profile compared 

with patients with localized neck pain (P=0.03). Patients with radiating pain patterns demonstrated 

facilitated temporal summation suggesting differences in the underlying pain mechanisms between 

patients with localized back pain and radiating pain. 

Perspective: These findings have clinical implications as the underlying mechanisms in different 

back pain conditions may require different treatment strategies. 

 

Keywords: Chronic pain, neck pain, low back pain, pain sensitivity, temporal summation of pain, 

conditioned pain modulation, cuff algometry 
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1. INTRODUCTION 

Chronic musculoskeletal pain, including low back and neck pain, is one of the most severe health 

problems facing the world today with the costs associated with treatment, sick leave and early 

retirement comparable to the costs of diabetes and cancer combined [53]. Although the 

understanding of the pathophysiology underlying chronic musculoskeletal pain has increased 

significantly over the past decades, it remains a significant clinical problem with few effective 

therapies [11]. 

 In back pain, degenerative conditions are generally not considered the main cause of 

symptoms [6] and clinical pain intensity does not correlate well with radiological findings [44]. 

Recently, sensitization of the central nervous system [20;31] and an imbalance between pro-

nociceptive and anti-nociceptive pain mechanisms with amplification of nociceptive signals have 

been proposed to contribute to the magnitude of clinical symptoms in degenerative musculoskeletal 

conditions [3;55]. However, research comparing such pain mechanisms in different back pain 

conditions is sparse. For this purpose, quantification of pain sensitivity and the function of pain 

modulatory mechanisms may be beneficial [3]. Various modalities, including heat and pressure 

stimuli can be employed to assess both the sensitivity locally or remote from the pain areas [39], as 

well as central pain mechanisms including temporal summation of pain (TSP, pro-nociceptive 

mechanism) [26] and conditioned pain modulation (CPM, anti-nociceptive mechanism) [54]. TSP 

and CPM are considered to reflect processing of nociceptive signals within the central nervous 

system; TSP at the dorsal horn neurons at the level of the incoming afferents [2] and CPM at 

brainstem level [27]. TSP can be reliably assessed in humans by repetitive painful pressure 

stimulations with identical intensities [17], and is characterized by an increase in subjective pain 

ratings. Previous studies have demonstrated facilitated TSP in chronic pain patients with local 

[20;21], and widespread pain conditions [42]. CPM however, is frequently demonstrated as an 

increase in e.g. pressure pain thresholds at one limb during a painful conditioning stimulus applied 

on a contralateral limb [35;36]. Reduced CPM has been seen in several chronic pain conditions 

across pain distribution [16] but patients with larger pain areas seem to demonstrate facilitated TSP 

[16] and a reduced CPM effect [47]. TSP and CPM may reflect different central pain mechanisms 

that co-exist in parallel [47], however assessment of TSP and CPM may also indicate the net-effect 

of central nociceptive processing. 

To date, comparison of pain sensitivity and pro-nociceptive and anti-nociceptive pain 

mechanisms between different back pain conditions with different spatial pain distribution is sparse. 
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It is therefore not known whether there are differences in the pain sensory profile in patients with 

localized low back and neck pain, and whether such differences are related to the distance from the 

assessment sites (e.g. leg and hand) to the painful areas. Moreover, it is unknown whether these are 

different from back pain conditions with additional radiating pain into the extremities. Increased 

knowledge regarding this may provide clinicians with an understanding of which factors contribute 

to the pain condition and thereby potentially be used to guide treatment interventions. 

The aim of this study was to investigate the clinical pain profile, pain sensitivity, as well as 

pro-nociceptive and anti-nociceptive mechanisms in patients 1) with localized chronic back pain at 

different locations (low back pain compared with neck pain), and 2) with and without radiating 

pain. Based on previous findings [47], it was hypothesized that patients with radiating back (low 

back and neck) pain had a facilitated TSP response and a reduced CPM response compared with 

those with back pain only. Moreover, based on the distance between the pain sensitivity assessment 

sites (leg and hand) and the painful areas, it was hypothesized that patients with localized low back 

pain had greater pain sensitivity at the leg compared with localized neck pain and vice versa. 

 

2. MATERIALS AND METHODS 

2.1 Subjects 

In total, 70 chronic back pain patients (mean age: 48.0 years [range: 20-86]; 43 women) were 

included in this cross-sectional study after referral to an interdisciplinary pain treatment at a 

university hospital pain clinic due to neck (n = 34) or low back pain (n = 36). Inclusion criteria were 

men and women at least 18 years old, chronic nonmalignant pain for minimum 6 months, and 

patients should speak and understand Danish to ensure they understood the information about the 

pain testing procedures. Exclusion criterion was pregnancy. Patients were further sub-grouped 

based on pain distribution into neck pain (pain in the neck without pain referral into the arm or 

thoracic spine; n = 17), cervical radiating pain (pain in the neck and pain in the right arm below the 

elbow; n = 17), low back pain (pain in the lower back without pain referral into the legs or thoracic 

spine; n = 18), or low back radiating pain (pain in the low back and pain in the right leg below the 

knee; n = 18). No further assessment was performed to confirm the presence of true radiculopathy 

(MRI, test of muscle strength or reflexes). All patients completed a body chart (pain drawing) 

indicating their pain areas prior to inclusion. If pain was distributed outside the abovementioned 

areas patients were not included in this study. 
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 The study was conducted in accordance with the Helsinki Declaration and approved 

by the local ethical committee (S-20140010). All patients provided written informed consent prior 

to entering the study. Approximately half of patients included in this study were included in a 

previous study [47] investigating subgroups based on pain modulatory phenotypes in patients with 

chronic pain. 

 

2.2 Procedure 

After referral to the pain clinic, pain sensitivity, as well as pro-nociceptive and anti-nociceptive pain 

mechanisms were assessed in all patients by the same experienced assessor (HBV). Assessments of 

pressure pain threshold and tolerance, TSP and CPM were performed on the left lower leg and 

assessment of heat pain sensitivity was performed on the left hand. These sites were chosen as the 

main purpose of the study was to investigate the sensitivity of central pain mechanisms in the 

different sub-groups. Prior to assessments, patients were thoroughly introduced to the pain testing 

procedures by illustrations and verbal instructions. The pain sensitivity assessments lasted between 

20 and 30 minutes and were performed with the patient seated with arms resting on the thighs.  

Demographics including age, gender, body mass index (BMI), and clinical pain 

manifestations were collected via an electronic software system (PainData, Denmark). The 

following pain related data were collected: Duration of pain, use of analgesics, clinical pain 

intensity for peak pain, and average pain on a 0-10 numerical rating scale (NRS) with 0 defined as 

“no pain” and 10 “as worst imaginable pain” during the previous 24 hours [8], pain catastrophizing 

(Pain Catastrophizing Scale, PCS) [43], pain disability (Pain Disability Index, PDI) [34], fear of 

movement (Tampa Scale of Kinesiophobia, TSK) [24], and health-related quality of life on a 0-100 

scale, EQ5D) [14].  

 

2.3 Assessment of pressure pain thresholds and tolerance  

Pressure pain threshold (cPPT), and pressure pain tolerance (cPTT) were assessed by computer-

controlled cuff algometry at the left lower leg (Nocitech, Denmark and Aalborg University, 

Denmark) [33]. A 13-cm wide silicone tourniquet cuff (VBM, Sulz, Germany) was mounted with a 5 

cm distance between its upper rim and the tibial tuberosity. The rate of the cuff pressure increase 

was 1 kPa/s and the maximal pressure was 100 kPa. Air was supplied from an external air tank to 

avoid loud noises from the cuff system during assessment and the maximal pressure was based on 

the system’s capacity. Patients were instructed to continuously rate their pressure-induced pain 
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intensity via an electronic visual analogue scale (VAS) from when the pressure was defined as first 

sensation of pain and to press the pressure release button when the pain was perceived as 

intolerable. Zero and 10 cm extremes on the VAS were defined as “no pain” and as “maximal 

pain”, respectively. When beginning to score the cuff-induced pain, patients may make small 

unintended changes on the electronic VAS which may result in a larger variation in the pain 

threshold. Therefore, the pressure value, when the patient rated the sensation of pain as 1 cm on the 

VAS was defined as cPPT. Patients were instructed to terminate the pressure when they could not 

tolerate the pressure anymore, and when the patient terminated the pressure inflation, the pressure 

value was defined as the cPTT. In case the maximum pressure stimulation was achieved before 

reaching the PTT, 100 kPa was used for further analysis as a conservative estimate of the PTT. The 

VAS score of the pain intensity when patients terminated the pressure inflation was also extracted 

(VAScPTT). The cuff algometry procedure was repeated twice and the average of parameters was 

extracted for data analysis. Computer-controlled cuff algometry has previously demonstrated good 

test-retest reliability in patients with chronic pain [49] and healthy subjects [17;50]. 

 

2.4 Assessment of temporal summation of pressure pain 

Temporal summation of pain (TSP) was assessed 1 min after assessment of cPPT and cPTT. Ten 

repeated cuff pressure stimulations with an intensity equivalent to the cPTT and with duration of 1 s 

were delivered. For each of the 10 stimulations, the tourniquet is instantaneously inflated by the 

computer-controlled cuff algometry. This intensity was chosen to ensure that the first stimulation 

was perceived as painful although not extremely painful due to the short stimulation time. The 

computer-controlled cuff algometry delivers each stimulation. In the period between stimuli (1 s) a 

constant non-painful pressure of 5 kPa was kept ensuring that the cuff did not move. During the 

sequential stimulation, patients rated their pressure pain intensity on the electronic VAS without 

returning it to zero between stimulations. The VAS score immediately after each stimulus was 

extracted and the mean VAS scores for stimulation 1-4 (VAS-I), stimulations 5-7 (VAS-II), and 

stimulations 8-10 (VAS-III) were calculated. TSP was calculated as the ratio between VAS-III and 

VAS-I, with values above 1 indicating an increase in VAS scores during the sequential stimulation 

[17]. 

 

2.5 Assessment of conditioned pain modulation 
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Conditioned pain modulation (CPM) was assessed 2 min after assessment of TSP. The conditioning 

stimulus (CS) was delivered by a 7.5 cm wide silicone tourniquet cuff (VBM, Sulz, Germany) 

wrapped around the right lower leg. This cuff was mounted 8 cm below the tibial tuberosity. The 

cuff was inflated to 30 kPa within 1 s and the pressure was kept constant throughout the CPM 

protocol for a maximum of 100 s. This intensity was chosen a-priori with the prospect to ensure that 

the CS intensity was above cPPT and would thus be perceived as moderately painful as 

recommended [41]. Five seconds after CS was induced the test stimulus cuff on the left leg (TS) 

was inflated with a rate of 1 kPa/s as described above, and the cPPT and cPTT were reassessed. 

Patients were instructed that the CS would be moderately painful and that they should focus their 

attention on the TS on the left leg. The CPM response was defined as the percentage change in 

cPPT recorded during CS compared with baseline assessments of cPPT with positive values 

indicating a hypoalgesic response [47]. In addition, based on a previous study demonstrating a 

within-subject coefficient of variation in cPPT between two repeated cuff assessments without the 

conditioning cuff [47], patients were classified as having impaired CPM if the CPM response was 

less than or equal to an increase of 20% in cPPT and normal CPM if the response was above 20%. 

 

2.6 Assessment of heat detection and heat pain thresholds 

Heat detection threshold (HDT) and heat pain threshold (HPT) at the thenar eminence of the left 

hand were assessed 3 min after CPM assessment by a computer-controlled contact thermal 

stimulator (MSA Thermal Stimulator, SENSELab, Somedic Sales AB, Hörby, Sweden) with a 

thermode covering a 25x50 mm skin area. The baseline temperature was 32°C and increased by 

1.0°C/s to a maximum of 50°C. Patients were instructed to press a handheld switch first time they 

detected a change in the temperature (HDT). After assessment of HDT, HPT was assessed. Patients 

were instructed to press the handheld switch as soon as the heat sensation was defined as the first 

sensation of pain (HPT). The peak temperature was stored and the thermode decreased its 

temperature (3.0°C/s) to the baseline temperature. Test stimuli were repeated three times and the 

averages of HDT and HPT, respectively, were calculated. 

Assessment of test-retest reliability for heat pain sensitivity has previously shown acceptable 

agreement between tests with no systematic mean difference between two sessions [50].  

 

2.7 Statistics 
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All data are reported as mean and standard deviation (SD) in the text and as mean and standard 

error of the mean (SEM) in figures. Statistical analyses were run in SPSS Statistics (Version 21; 

IBM, Armonk, NY, USA). Potential differences between the four groups in proportion of gender and 

use of analgesics were analyzed by Chi-square tests, and potential difference in age was analyzed 

by one-way analysis of variance (ANOVA). Due to different proportions of women and men 

between the four groups and previously demonstrated gender-differences in several pain related 

parameters [47], all pain-related parameters were gender-adjusted (z-transformation) by subtraction 

of the mean values divided by the standard deviation (SD) for men and women, respectively. 

Potential differences both in raw values and z-scores for clinical pain, psychological parameters, 

pain sensitivity, and pro-nociceptive and anti-nociceptive pain mechanisms were examined using 

two-way ANOVA with pain location (neck, low-back) and distribution (local, radiating) as between 

subject factors. In case of significant factors or interactions in the z-scores, Bonferroni-corrected 

pairwise comparisons were used. P-values less than 0.05 were considered significant. Due to 

significant differences in proportion of patients using opioids and paracetamol, an analysis was 

conducted to investigate whether patients using analgesics differed in the clinical and experimental 

variables compared with patients who did not use these analgesics. Independent t-tests were used to 

investigate if there were any significant differences. Pearson correlations were used to determine the 

relationship between the z-scores of clinical pain, psychological distress, pain sensitivity, and pro-

nociceptive and anti-nociceptive pain mechanisms. Due to multiple correlational analyses, P-values 

equal to or less than 0.001 (0.05 / 36) were considered significant for the correlations. 

 

3. RESULTS 

3.1 Group characteristics 

All patients in the study tolerated and completed the pain sensitivity assessments. Table 1 illustrates 

raw values for demographics, clinical pain profile, psychological distress, and experimental pain 

variables in patients with low back pain, neck pain, low back radiating pain, and cervical radiating 

pain. There was no significant difference in distribution of women and men between groups (X(3) = 

1.85, P = 0.60) and no significant group differences in age (F(3,69) = 2.32, P = 0.083) or BMI 

(F(3,66) = 1.05, P = 0.38) were found. 

 

3.2 Heat and pressure pain sensitivity  
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The ANOVA on HPT at the hand revealed an interaction between pain location and distribution 

(Table 2; F(1,69) = 9.30, P = 0.0029) with post-hoc test showing decreased HPT in patients with 

cervical radiating pain compared with patients with neck pain and low back radiating pain (P < 

0.01). In patients with low back pain, the HPT demonstrated a tendency for being decreased 

compared with neck pain (P = 0.09). 

Three patients reached the maximum pressure of 100 kPa (1 LBP and 2 neck pain patients, 

respectively). An interaction between pain location and distribution was found in the ANOVA for 

cPTT (Table 2; F(1,69) = 6.93, P = 0.01) with post-hoc test showing decreased cPTT in cervical 

radiating pain patients and low back pain patients compared with neck pain patients (P < 0.05).  

No significant main effects or interactions were found in the ANOVAs for HDT at the hand 

(F(1,69) < 0.73, P > 0.39), cPPT (F(1,69) < 1.87, P > 0.17), or VAScPTT (F(1,69) < 1.30, P > 

0.25). 

 

3.3 Pro- and anti-nociceptive pain mechanisms 

The ANOVA for TSP demonstrated a main effect of pain distribution (Table 2; F(1,69) = 4.92, P = 

0.029) with post-hoc test showing increased TSP in patients with radiating pain (low back or neck) 

compared with patients with localized low back or neck pain (P < 0.03). 

An interaction between pain location and distribution was found in the ANOVA for CPM 

(Table 2; F(1,69) = 4.50, P = 0.038) with post-hoc test showing decreased CPM in cervical 

radiating pain patients compared with neck pain patients (P = 0.006). 

 

3.4 Clinical pain profile 

An interaction between pain location and distribution was found in the ANOVA for the NRS score 

of clinical average pain intensity (Table 2; F(1,69) = 6.66, P = 0.012) with post-hoc test showing 

increased NRS pain scores in patients with cervical radiating pain compared with patients with neck 

pain (P < 0.001). Moreover, compared with low back radiating pain patients, the average NRS pain 

scores demonstrated a tendency for being increased in patients with cervical radiating pain (P = 

0.06). Compared with neck pain patients, the average NRS pain scores demonstrated a tendency for 

being increased in patients with low back pain (P = 0.08).  

The ANOVA for the NRS score of clinical peak pain intensity demonstrated an interaction 

between pain location and distribution (Table 2; F(1,69) = 24.65, P < 0.001) with post-hoc test 

showing increased NRS of peak pain intensity in patients with cervical radiating pain compared 
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with local neck pain and low back radiating pain patients (P < 0.002). Compared with patients with 

neck pain, the peak NRS pain scores were significantly higher in patients with low back pain (P < 

0.001). 

There was a significant difference in proportion of patients using opioids (Table 2; X(3) = 

9.26, P = 0.026) and paracetamol (X(3) = 9.09, P = 0.028) between groups and Bonferroni corrected 

between-group comparisons showed that significantly more patients with low back radiating pain 

used opioids and paracetamol compared with patients with localized neck pain (P < 0.004). No 

significant differences were found in clinical and experimental pain profiles in the sensitivity 

analysis for opioids (t(68) = 1.33, P > 0.19) or paracetamol (t(68) = 1.79, P > 0.08), respectively.  

No significant main effects or interactions were found in the ANOVA for pain duration 

(F(1,69) < 3.38, P > 0.06). 

 

3.5 Psychological parameters 

The ANOVA carried out on PCS showed an interaction between pain location and distribution 

(Table 2; F(1,63) = 8.31, P = 0.006) with post-hoc test showing increased pain catastrophizing in 

cervical radiating pain patients compared with neck pain and low back radiating pain patients (P < 

0.006).  

A significant interaction between pain location and distribution was found in the ANOVA for 

TSK (Table 2; F(1,64) = 7.88, P = 0.007) with post-hoc test showing increased fear of movement in 

cervical radiating pain patients compared with neck pain patients (P = 0.007). Moreover, compared 

with neck pain patients, TSK was increased in patients with low back pain (P = 0.004). 

The ANOVA for PDI demonstrated a significant interaction between pain location and 

distribution (Table 2; F(1,64) = 12.02, P < 0.001) with post-hoc test showing increased pain-related 

disability in cervical radiating pain patients compared with neck pain and low back radiating pain 

patients (P < 0.009). Moreover, compared with neck pain patients, disability was increased in 

patients with low back pain (P = 0.03). 

An interaction between pain location and distribution was found in the ANOVA for quality of 

life (Table 2; F(1,68) = 4.71, P = 0.034) with post-hoc test showing reduced quality of life in 

cervical radiating pain patients compared with neck pain patients (P = 0.046).  

 

3.6 Correlational analysis 
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As illustrated in Table 3, positive correlations for all patients were found between clinical pain 

intensity and PCS, as well as between TSK and PDI indicating that patients reporting higher clinical 

pain intensity also reported higher psychological distress and more pain-related disability. 

 

4. DISCUSSION 

The sensory and clinical pain profiles in different subtypes of back pain indicated that 1) patients 

with localized pain in the low back had in general more cuff pain hypersensitivity than pain patients 

with localized neck pain, and 2) patients with radiating back (neck and low back) pain had 

facilitated pro-nociceptive pain mechanisms compared with patients with localized back pain. 

Moreover, patients with cervical radiating pain demonstrated hyperalgesia to heat, reduced CPM 

response, and increased levels of clinical pain, psychological distress and disability compared with 

patients with neck pain only. Similar findings between radiating pain and localized pain were not 

found in patients with low back pain.  

 

4.1 Effects of pain distribution on pro-nociceptive and anti-nociceptive pain profile 

Patients with radiating pain patterns demonstrated facilitated temporal summation of pain 

suggesting mechanistic differences in the underlying pain mechanisms between patients with 

localized pain and radiating pain. It is possible, that radiating back pain in this cohort to some extent 

is driven by hypersensitivity of central pain mechanisms that from a treatment perspective may 

require different strategies than localized back pain. In this regard, it is important to note that 

individuals suffering from chronic low back pain are known to demonstrate enlarged pain areas 

from experimental pain [31], suggesting facilitated central pain mechanisms similar to patients with 

larger pain areas. Moreover, it has recently been shown that individuals suffering from chronic low 

back pain [37;38] have varying pain characteristics, with some demonstrating a pro-nociceptive 

response to experimental pain stimuli, manifested by a facilitated TSP and reduced efficiency of the 

CPM effect. However, the current dichotomous differentiation in back pain with or without 

radiating limb pain cannot differentiate between referred pain of neural origin or initiated from the 

periphery. Experimental pain studies have shown that peripheral structures in the low back [4;22] 

and cervical regions [10] are capable of extensive pain referral. However, cervical pain from e.g. 

zygapophyseal joints seems to predominantly refer pain in the neck/shoulder region [15] in a diffuse 

pattern [13] whereas a stimulation of similar structures at various spinal segments in the low back is 

in most cases capable of causing pain extending beyond the knee [4]. To increase the diagnostic 
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certainty in this regard, medical imaging would have been needed but this was neither available in 

this study nor is it commonly used in everyday clinical practice. 

 An interesting finding in this study was that patients with cervical radiating pain had a 

reduced CPM response compared with patients with localized neck pain. This finding agrees with a 

previous study showing more pain areas in patients who presented with a facilitated TSP, and a 

reduced CPM response [48], suggesting that cervical radiating pain is linked with an imbalance 

between pro-nociceptive modulation at spinal [2] and anti-nociceptive modulation at brainstem [27] 

levels. This hypothesis is further supported by the reduced heat pain threshold demonstrated in a 

non-painful body area indicating more widespread hyperalgesia. In fact, individuals with cervical 

radiating pain without a specific peripheral cause seem to be more prone to heat pain 

hypersensitivity than those with specific cervical radicular pain [30]. Moreover, patients with true 

cervical radiculopathy become less sensitive to heat [45]. No significant difference in heat detection 

threshold was found between groups which could be due to the sample size, but one suggestion is 

that significant changes in pain sensitivity between groups were not due to reduced neural 

transduction (sensory loss). 

 

4.2 Effects of pain location on pro-nociceptive and anti-nociceptive pain profiles 

As hypothesized, patients with localized pain in the low back demonstrated increased cuff pain 

hypersensitivity than pain patients with localized neck pain. This finding could be related to the 

segmental levels stimulated by the cuff (L4/L5) is more directly related to the lower back, whereas 

the stimulation is extra-segmental to the neck. However, in contrast to the hypothesis, heat pain 

sensitivity was not increased in localized neck pain patients compared with low back pain patients. 

Although the difference did not reach significance, the heat pain sensitivity was increased in low 

back pain patients compared with neck pain patients. Combined, these findings may suggest that 

low back pain patients had more generalized pain hypersensitivity compared with neck pain 

patients. 

  

4.3 Clinical pain profile  

Patients included in this study were considerably affected by their pain condition as demonstrated 

by high levels of pain, psychological distress, and pain-related disability. The current and previous 

[12] findings show that cervical radiating pain affects patients more than neck pain only. 

Unexpectedly, this pattern was not found between patients with low back radiating pain and 
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localized low back pain, which in contrast to what has previously been reported [18;23]. The reason 

for this difference is currently unclear. Moreover, low back pain patients had increased pain 

intensity compared with neck pain patients. 

 In addition to pain, differences were found for fear of movement and pain catastrophizing 

which are the key cognitive elements in the fear-avoidance model [52]. Patients with low back pain 

showed increased levels of fear of movement which could influence the difference in pain [5] and 

pain-related disability [19;28] between groups. As a result of a painful injury, some individuals 

develop fear of movement or kinesiophobia, which has been defined as an excessive, irrational, and 

debilitating fear of physical movement [24]. In accordance with the current findings, a recent 

comparison of patients with low back pain and patients with neck pain showed significantly higher 

levels of kinesiophobia in low back pain despite comparable pain levels [46]. The influence of fear 

of movement is further supported by the fact that all groups except the neck pain group were above 

the threshold for high values of kinesiophobia [51], and by the moderately strong associations 

between fear of movement, pain intensity, and pain-related disability. 

 In addition to fear of movement, patients in this study reported varying degrees of pain 

catastrophizing but interestingly, only the cervical radiating pain group had scores above 30 which 

is considered a clinically relevant level of pain catastrophizing [43]. This should be noted given the 

relationship between pain catastrophizing and perceived pain and pain-related disability.  

 

4.4 Clinical implications 

Guidelines for the management of chronic back pain [1;7;9;25;40] consistently recommend 

supervised exercises, and cognitive behavioral therapy, whereas recommendations regarding 

manual- and pharmacology treatment have some discrepancies between guidelines. The current 

findings illustrate differences in the clinical and sensory pain profile in patients suffering from 

different types of back pain which could have implications for clinical assessment and choice of 

treatment strategy. Especially pharmacological and non-pharmacological treatment strategies 

targeting facilitated central pain mechanisms may show better efficacy in patients with radiating 

back pain compared with localized back pain.  

Diagnosis and treatment of musculoskeletal pain within a mechanism-based framework has 

been proposed [29;32] but it is unclear which mechanisms should direct treatment. It seems possible 

that underlying mechanisms may to some degree be identified from clinical presentation [41] but a 

more detailed investigation of the somatosensory profile of back pain patients shows varying pro-
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nociceptive and anti-nociceptive traits [38]. It is possible that such knowledge, on an individual 

level, might be helpful in directing the choice of treatment but the therapeutic options are many and 

therefore of importance to identify the mechanism(s) to target before choosing the intervention. 

 

4.5 Limitations  

The cross-sectional design is a major limitation, as judgement on causality and definite directions of 

the associations cannot be made. Patients were not trained in the sensory testing but received oral 

explanations and a thorough neurological examination including diagnostic tests excluding potential 

nerve lesions was not performed in this study. Although significant group differences were found, 

this study is limited by the small sample size within each subgroup and larger studies should 

confirm the findings. Increasing group size would enable an investigation of pro-nociceptive and 

anti-nociceptive tendencies within each group. Tests to exclude true radiculopathy were not 

performed which may indicate that the radiating pain groups consisted of individuals both with and 

without the nerve roots affected. This study did not include a healthy control group which may 

affect the interpretation of findings because deviations from normative pain profiles cannot be 

established. Further research is warranted, accounting for differences in ongoing pain and 

psychological distress between chronic pain patients and healthy controls. Pain sensitivity was only 

evaluated at non-painful sites, and not at the primary site of pain (neck or low back) which could 

have strengthened the interpretation of the results. 

 

4.6 Conclusion  

This study compared the clinical and sensory pain profiles in four subgroups of patients with back 

pain, with and without radiating pain components. The results indicate that patients with radiating 

pain patterns demonstrated facilitated temporal summation of pain suggesting mechanistic 

differences in the underlying pain mechanisms between patients with localized pain and radiating 

pain. Furthermore, patients with localized low back pain demonstrated hyperalgesia to heat and 

pressure pain, as well as increased levels of clinical pain, psychological distress and disability 

compared with patients with localized neck pain only. These exploratory findings may have 

implications for future studies on clinical assessment and choice of treatment strategy.  
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FIGURE AND TABLE LEGENDS 

Fig. 1: Mean (+ SEM, N = 70) heat pain threshold (HPT; A) at the thenar eminence on the left 

hand, and pressure pain tolerance (cPTT; B) at the lower left leg in patients with Low Back Pain 

(LBP; white bars), Neck Pain (hatched bars), Low Back Radicular Pain (grey bars) and Cervical 

Radicular Pain (black bars). Raw values are illustrated but gender-adjusted values (z-scores) are 

used for statistics presented in this figure. Significantly different between groups (*, NK: P < 0.05). 

 

Fig. 2: Mean (+ SEM, N = 70) ratio between VAS-III and VAS-I reflecting temporal summation of 

pain assessed by computerized cuff algometry (A), and percentage change in cPPT at the lower left 

leg during painful conditioning cuff stimulation on the contralateral leg reflecting conditioned pain 

modulation (B) in patients with Low Back Pain (LBP; white bars), Neck Pain (hatched bars), Low 

Back Radicular Pain (grey bars) and Cervical Radicular Pain (black bars). Raw values are 

illustrated but gender-adjusted values (z-scores) are used for statistics presented in this figure. 

Significantly different between groups (*, NK: P < 0.05). 

 

Table 1: Raw scores for demographics, clinical pain profile, psychological distress, experimental 

pain sensitivity, and pro-nociceptive and anti-nociceptive mechanisms in patients with neck pain, 

low back pain, low back radiating pain, and cervical radiating pain. ‘BMI’: Body Mass Index. 

‘NRS’: Numerical Rating Scale. ‘PCS’: Pain Catastrophizing Scale. ‘TSK’: Tampa Scale of 

Kinesiophobia. ‘PDI’: Pain Disability Index. ‘HDT’: Heat Detection Threshold. ‘HPT’: Heat Pain 

Threshold. ‘cPPT’: Cuff Pressure Pain Threshold. ‘cPTT’: Cuff Pressure Pain Tolerance. 

‘VAScPTT’: VAS score at cPTT. ‘TSP’: Temporal summation of pain. ‘CPM’: Conditioned pain 

modulation. ‘Y/N, CPM > 20%’: Proportion of patients with a CPM response over 20%). P-values 

are based on by Chi-square tests for categorical variables and two-way analysis of variance 

(ANOVA) for continuous variables. 

 

Table 2: Mean (± SD) z-scores of clinical pain, psychological distress, experimental pain 

sensitivity, and pro-nociceptive and anti-nociceptive mechanisms in patients with neck pain, low 

back pain, low back radiating pain, and cervical radiating pain. Negative Z-scores indicate reduced 

parameters compared with the group mean. ‘NRS’: Numerical Rating Scale. ‘PCS’: Pain 

Catastrophizing Scale. ‘TSK’: Tampa Scale of Kinesiophobia. ‘PDI’: Pain Disability Index. ‘HDT’: 

Heat Detection Threshold. ‘HPT’: Heat Pain Threshold. ‘cPPT’: Cuff Pressure Pain Threshold. 
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‘cPTT’: Cuff Pressure Pain Tolerance. ‘VAScPTT’: VAS score at cPTT. ‘TSP’: Temporal 

summation of pain. ‘CPM’: Conditioned pain modulation. P-values are based on two-way ANOVA 

on gender adjusted variables (z-scores) and post-hoc effects are indicated in parenthesis. 

 

Table 3: Pearson correlations between clinical pain intensity, pain sensitivity as well as pro-

nociceptive and anti-nociceptive mechanisms. Due to multiple correlational analyses, P-values 

equal to or less than 0.001 (0.05 / 36) were considered significant for the correlations. ‘HPT’: Heat 

Pain Threshold. ‘cPPT’: Cuff Pressure Pain Threshold. ‘cPTT’: Cuff Pressure Pain Tolerance. 

‘TSP’: Temporal summation of pressure pain. ‘CPM’: Conditioned pain modulation. 
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Table 1. Raw scores for demographics, clinical pain profile, psychological distress, experimental pain sensitivity, and pro-nociceptive and anti-nociceptive 
mechanisms in patients with neck pain, low back pain, low back radiating pain, and cervical radiating pain. ‘BMI’: Body Mass Index. ‘NRS’: Numerical Rating Scale. 
‘PCS’: Pain Catastrophizing Scale. ‘TSK’: Tampa Scale of Kinesiophobia. ‘PDI’: Pain Disability Index. ‘HDT’: Heat Detection Threshold. ‘HPT’: Heat Pain 
Threshold. ‘cPPT’: Cuff Pressure Pain Threshold. ‘cPTT’: Cuff Pressure Pain Tolerance. ‘VAScPTT’: VAS score at cPTT. ‘TSP’: Temporal summation of pain. 
‘CPM’: Conditioned pain modulation. ‘Y/N, CPM > 20%’: Proportion of patients with a CPM response over 20%). P-values are based on by Chi-square tests for 
categorical variables and two-way analysis of variance (ANOVA) for continuous variables. 

Variable Total  
(n=70) 

Low Back Pain 
(n=18) 

Neck Pain 
(n=17) 

Low back radiating 
pain 

(n=18) 

Cervical radiating 
pain 

(n=17) 

P-value 

Gender (Women/Men) 
Age (years) 
BMI (kg/m2) 

 
Pain duration (years) 

Peak pain intensity (NRS: 0-10) 
Average pain intensity (NRS: 0-10) 

 
Analgesic users (Y/N) 

Opioid users (Y/N) 
Antidepressant users (Y/N) 
Anticonvulsive users (Y/N) 

NSAID users (Y/N) 
Paracetamol users (Y/N) 
Muscle relaxants (Y/N) 

 
Pain Catastrophizing (PCS: 0-52) 
Fear of movement (TSK: 17-68) 

Disability (PDI: 0-50) 
Quality of Life (EQ5D: 0-100) 

 
HDT Hand (°C) 
HPT Hand (°C) 

 
cPPT (0-100 kPa) 
cPTT (0-100 kPa) 

VAScPTT (VAS: 0-10 cm) 
TSP (ratio) 

CPM (absolute, kPa) 
CPM (%) 

CPM (Y/N, CPM > 20%) 

43/27 
48.0±12.9 
27.1±5.5 

 
6.3±7.3 
8.2±1.7 
6.7±1.9 

 
63/7 (90%) 

40/30 (57.1%) 
15/55 (21.4%) 
19/51 (27.1%) 
15/55 (21.4%) 
42/28 (60.0%) 
19/51 (27.1%) 

 
25.9±13.0 
42.1±9.3 
37.2±8.1 
44.0±26.6 

 
35.1±1.4 
43.5±3.7 

 
23.6±10.4 
49.3±18.8 
8.3±1.9 
2.4±1.8 

5.37±7.97 
20.6±32.7 

36/34 (51.4%) 

9/9 
49.7±14.8 
25.8±3.2 

 
5.3±5.2 
8.6±1.0 
6.7±1.7 

 
16/2 (88.9%) 
12/6 (66.7%) 
1/17 (5.6%) 
2/16 (11.1%) 
4/14 (22.2%) 
12/6 (66.7%) 
2/16 (11.1%) 

 
27.2±11.1 
43.6±6.4 
38.6±6.0 
37.8±23.3 

 
35.0±1.0 
43.7±3.9 

 
21.9±9.7 
48.2±19.1 
8.3±2.2 
2.3±1.8 

5.03±6.10 
20.7±30.4 

10/8 (55.6%) 

12/5 
42.8±9.4 
28.8±6.9 

 
7.1±10.5 
6.8±1.9 
5.6±1.6 

 
13/4 (76.5%) 
5/12 (29.4%) 
6/11 (35.3%) 
5/12 (29.4%) 
5/12 (29.4%) 
6/11 (35.3%) 
7/10 (41.2%) 

 
21.7±11.2 
34.8±8.3 
32.6±8.6 
55.2±22.8 

 
34.9±1.5 
45.6±2.4 

 
26.1±11.7 
58.7±19.5 
8.7±1.8 
1.7±0.8 

9.48±8.50 
33.7±24.9 

14/3 (82.4%) 

12/6 
53.3±14.5 
26.2±5.0 

 
8.9±7.9 
7.9±1.6 
6.7±2.0 

 
18/0 (100%) 
14/4 (77.8%) 
2/16 (11.1%) 
7/11 (38.9%) 
4/14 (22.2%) 
15/3 (83.3%) 
6/12 (33.3%) 

 
21.3±14.1 
43.8±8.3 
35.1±9.9 
48.4±31.1 

 
35.3±1.5 
43.8±3.0 

 
24.2±10.3 
50.1±17.0 
8.5±2.0 
2.8±2.2 

5.71±9.49 
21.9±37.9 

9/9 (50.0%) 

10/7 
45.9±10.1 
27.5±6.1 

 
3.9±2.8 
9.4±1.0 
7.8±1.6 

 
16/1 (94.1%) 
9/8 (52.9%) 
6/11 (35.3%) 
5/12 (29.4%) 
2/15 (11.8%) 
9/8 (52.9%) 
4/13 (23.5%) 

 
34.3±12.9 
47.1±10.2 
42.1±4.7 
34.6±25.7 

 
35.2±1.6 
41.0±4.2 

 
22.5±10.2 
40.2±16.2 
7.8±1.9 
2.9±2.1 

1.25±5.51 
5.9±32.8 

3/14 (17.6%) 

0.60 
0.083 
0.38 

 
0.06 

< 0.001 
0.010 

 
0.12 
0.03 
0.07 
0.30 
0.66 
0.028 
0.21 

 
0.004 
0.005 
0.001 
0.016 

 
0.95 
0.006 

 
0.25 
0.021 
0.27 
0.048 
0.017 
0.062 
0.002 

  

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Table 2. Mean (± SD) z-scores of clinical pain, psychological distress, experimental pain sensitivity, and pro-nociceptive and anti-nociceptive mechanisms in patients 
with neck pain, low back pain, low back radiating pain, and cervical radiating pain. Negative Z-scores indicate reduced parameters compared with the group mean. 
‘NRS’: Numerical Rating Scale. ‘PCS’: Pain Catastrophizing Scale. ‘TSK’: Tampa Scale of Kinesiophobia. ‘PDI’: Pain Disability Index. ‘HDT’: Heat Detection 
Threshold. ‘HPT’: Heat Pain Threshold. ‘cPPT’: Cuff Pressure Pain Threshold. ‘cPTT’: Cuff Pressure Pain Tolerance. ‘VAScPTT’: VAS score at cPTT. ‘TSP’: 
Temporal summation of pain. ‘CPM’: Conditioned pain modulation. P-values are based on two-way ANOVA on gender adjusted variables (z-scores) and post-hoc 
effects are indicated in parenthesis. 

 Variable Low Back Pain (a) 
(n=18) 

Neck Pain (b) 
(n=17) 

Low back radiating 
pain (c) 
(n=18) 

Cervical radiating 
pain (d) 
(n=17) 

P-value 

Pain duration 
Peak pain intensity 

Average pain intensity 
 

Pain Catastrophizing 
Fear of movement 

Disability 
Quality of Life 

 
HDT 
HPT 

 
cPPT 
cPTT 

VAScPTT 
TSP 
CPM 

-0.10±0.78 
0.25±0.55 
-0.03±0.88 

 
0.07±0.85 
0.20±0.69 
0.12±0.81 
-0.17±0.92 

 
-0.11±0.80 
0.04±1.04 

 
-0.21±0.89 
-0.10±0.96 
0.003±1.10 
-0.09±0.86 
-0.01±0.93 

0.09±1.43 
-0.83±1.13 
-0.59±0.86 

 
-0.30±0.84 
-0.75±0.88 
-0.56±1.13 
0.34±0.74 

 
-0.10±0.98 
0.56±0.64 

 
0.26±1.15 
0.53±1.05 
0.20±0.90 
-0.43±0.45 
0.43±0.75 

0.35±1.05 
-0.19±0.94 
0.003±1.04 

 
-0.34±1.07 
0.18±0.87 
-0.23±1.04 
0.16±1.19 

 
0.17±1.13 
0.09±0.81 

 
0.07±1.02 
0.06±0.95 
0.06±1.01 
0.23±1.13 
0.06±1.12 

-0.34±0.36 
0.72±0.60 
0.59±0.89 

 
0.65±0.99 
0.53±1.11 
0.65±0.55 
-0.34±0.99 

 
0.04±1.08 
-0.70±1.06 

 
-0.12±0.92 
-0.50±0.81 
-0.28±0.96 
0.29±1.25 
-0.48±0.99 

0.07 
< 0.001 (d>b,c), (a>b) 

0.012 (d>b) 
 

0.006 (d>b,c) 
0.007 (a,d>b) 

0.001 (d>b,c), (a>b) 
0.034 (d<b) 

 
0.39 

0.003 (d<b,c) 
 

0.17 
0.011 (a,d<b) 

0.25 
0.03 (c,d>a,b) 
0.038 (d<b) 
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Table 3: Pearson correlations between clinical pain intensity, pain sensitivity as well as pro-nociceptive and anti-nociceptive mechanisms. Due to multiple 
correlational analyses, P-values equal to or less than 0.001 (0.05 / 36) were considered significant for the correlations. ‘HPT’: Heat Pain Threshold. ‘cPPT’: Cuff 
Pressure Pain Threshold. ‘cPTT’: Cuff Pressure Pain Tolerance. ‘TSP’: Temporal summation of pressure pain. ‘CPM’: Conditioned pain modulation.  

Variables Correlation Clinical 
pain 

intensity 

PCS TSK PDI HPT cPPT cPTT TSP CPM 

Clinical pain 
intensity 

R 
P-value 

 
- 

0.604 
< 0.001 

0.559 
< 0.001 

0.413 
0.001 

-0.241 
0.046 

-0.091 
0.456 

-0.185 
0.128 

0.148 
0.225 

-0.284 
0.018 

PCS R 
P-value 

0.604 
< 0.001 

- 0.599 
< 0.001 

0.663 
< 0.001 

-0.238 
0.038 

0.003 
0.980 

-0.081 
0.526 

0.183 
0.150 

-0.317 
0.011 

TSK R 
P-value 

0.559 
< 0.001 

0.599 
< 0.001 

- 0.471 
< 0.001 

-0.234 
0.063 

-0.183 
0.149 

-0.294 
0.018 

0.199 
0.115 

-0.325 
0.009 

PDI R 
P-value 

0.413 
0.001 

0.663 
< 0.001 

0.471 
< 0.001 

- -0.090 
0.476 

0.102 
0.419 

0.029 
0.818 

0.114 
0.366 

-0.207 
0.099 

HPT R 
P-value 

-0.241 
0.046 

-0.238 
0.038 

-0.234 
0.063 

-0.090 
0.476 

- 0.435 
< 0.001 

0.447 
< 0.001 

-0.055 
0.650 

0.134 
0.270 

cPPT R 
P-value 

-0.091 
0.456 

0.003 
0.980 

-0.183 
0.149 

0.102 
0.419 

0.435 
< 0.001 

- 0.780 
< 0.001 

-0.064 
0.600 

0.127 
0.296 

cPTT R 
P-value 

-0.185 
0.128 

-0.081 
0.526 

-0.294 
0.018 

0.029 
0.818 

0.447 
< 0.001 

0.780 
< 0.001 

- -0.266 
0.026 

0.312 
0.009 

TSP R 
P-value 

0.148 
0.225 

0.183 
0.150 

0.199 
0.115 

0.114 
0.366 

-0.055 
0.650 

-0.064 
0.600 

-0.266 
0.026 

- -0.120 
0.322 

CPM R 
P-value 

-0.284 
0.018 

-0.317 
0.011 

-0.325 
0.009 

-0.207 
0.099 

0.134 
0.270 

0.127 
0.296 

0.312 
0.009 

-0.120 
0.322 

- 
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Highlights 

 

• Sensory and clinical pain profiles are different in subtypes of back pain  

• Patients with radiating pain demonstrated facilitated temporal pain summation 

• Different back pain conditions may require different treatment strategies 


