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Highlights 

 

 Central sensitisation presents in some but not all individuals with acute back pain 

 Presence of central sensitisation early does not necessarily precede poor outcome 

 Early sensitisation precedes poor outcome when combined with psychological factors 
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Abstract 

Central sensitisation is considered to have a pathophysiological role in chronic low back pain (LBP). Whether individuals with increased central 

sensitisation early in their condition are more likely to develop persistent pain or whether it increases over time is unclear. This study aimed to determine 

whether sensory profiles during acute LBP differ between individuals who did and did not recover by 6-months and to identify subgroups associated with 

outcomes. Individuals with acute LBP (<2 weeks of onset, N=99) underwent pain threshold (heat/cold/pressure) and conditioned pain modulation (CPM) 

testing after completing questionnaires related to pain/disability, sleep, and psychological status. Sensory measures were compared during the acute phase 

(baseline) and longitudinally (baseline/6-months) between unrecovered (≥pain and disability), partially recovered (<pain and/or disability), and recovered 

(no pain and disability) participants at 6-months. We assessed baseline patterns of sensory sensitivity alone, and with psychological and sleep data, using 

hierarchical clustering and related the clusters to outcome (pain/disability) at 3- and 6-months. No sensory measure at either time-point differed between 

groups. Two subgroups were identified that associated with more (“high sensitivity”) or less (“high sensitivity and negative psychological state”) 

recovery. These data appear to suggest that central sensitisation during the acute-phase resolves for many, but is a precursor to the transition to chronicity 

when combined with other psychological features. 

Perspective: Central sensitisation signs during early-acute low back pain does not necessarily precede poor outcome, but may be sustained in conjunction 

with other psychological factors and facilitate pain persistence. 

Keywords: Central sensitisation; peripheral sensitisation; hyperalgesia; conditioned pain modulation; transition to chronicity. 

 

1. Introduction 
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Ongoing enhanced pain sensitivity (hyperalgesia) is a common feature in chronic low back pain (LBP) 
100, 125

. Multiple mechanisms contribute to 

this form of hyperalgesia, most of which involve neural changes that alter processing of nociceptive information 
6, 62, 127

. These changes can arise quickly 

or develop over time in response to “peripheral” or “central” processes that increase neuronal excitability within the central nervous system (CNS). 

Peripherally, inflammatory agents (e.g., cytokines) in post-injury tissue enhance nociceptor sensitivity, which is called peripheral sensitisation. Centrally, 

increased responsiveness of spinal nociceptive neurones and their cortical projections can outlast the tissue-based input or be maintained by a normally 

sub-threshold tissue-based input 
58, 124, 126, 127

, a situation known as central sensitisation. Central sensitisation involves a range of phenomena and 

mechanisms that manifest as pain produced in response to normally innocuous stimuli (allodynia) and greater sensitivity to normally noxious stimuli 

(hyperalgesia) that spreads beyond the originally painful area, sometimes to affect the entire body (generalised hyperalgesia) 
72, 79

. Despite evidence of 

greater central sensitisation across many chronic pain conditions 
125

, it is unknown whether individuals with more significant signs of central sensitisation 

in the early acute phase of LBP are more likely to develop persistent pain (i.e., chronic pain), or whether central sensitisation increases later in the acute-

to-chronic pain time course. 

Evidence of central sensitisation in chronic LBP is conflicting 
100

. Generalised hyperalgesia to cutaneous heat and cold 
26

, cold only 
46

, pressure 
83

 

or none 
8
 have been reported. Deficient conditioned pain modulation (CPM; thought to reflect the capacity of endogenous anti-nociceptive mechanisms) 

71, 128
 has been reported in various chronic pain conditions 

2, 51, 87, 111
, but studies in chronic LBP are inconclusive 

20, 31, 74, 92
.  

Central sensitisation can be moderated or triggered by psychological or behavioural aspects 
5, 22, 36, 78, 103

 via shared neural circuitries and 

interconnected neuro-immune pathways 
78

. Both psychological (e.g., depression) and behavioural (e.g., poor sleep) stressors have been associated with 

measures of central sensitisation 
1, 14, 16, 85, 104

, and frequently occur together in chronic pain conditions including chronic LBP 
29, 52, 81, 123

. Whether or not 

the coexistence of sensitisation, psychological and/or behavioural features in the early phase of acute LBP is related to poor outcome has not been tested.  
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This study had four primary objectives. First, we tested whether signs of central sensitisation, measured using a suite of sensory assessments, 

during the acute-phase of LBP (baseline), differed between individuals who had and had not recovered at 6 months. Second, whether signs of central 

sensitisation changed over-time (baseline to 6 month) differently for the outcome groups. Third, we compared outcome at 3 and 6 months for four a priori 

defined sub-groups based on our previous findings of presentations of sensory sensitivity in acute LBP 
59

. Fourth, we sought to identify whether the 

addition of psychological and sleep features to pain assessments improved accuracy for prediction of differences in outcomes at 3 or 6 months. 

 

2. Methods 

2.1 Participants 

One-hundred and twenty-nine people in an acute episode of LBP (66 M, 63 F) aged 28±8 (mean±SD) participated in the study. Of these, 99 

completed (51 M, 48 F; aged 30±8 years) and 30 did not complete (non-participants: 15 M, 15 F; aged 26±8 years) follow-up testing at 6 months. 

Participants were recruited through advertisements around the university and local community, social media, and via a participant recruitment agency. 

Ethical clearance was obtained from the Institutional Medical Research Ethics Committee. All participants provided informed consent and procedures 

were conducted in accordance with the Declaration of Helsinki. Some data from this participant cohort have been reported previously 
59

. 

Participants were recruited and assessed within 2 weeks of onset of an acute episode of LBP that was preceded by at least 1 month without pain. A 

LBP episode was defined as pain that had lasted longer than 24 hours, caused functional limitation, and caused them to seek or seriously consider medical 

or allied health intervention. Participants were excluded if they were < 18 or > 50 years old, had a confirmed or suspected serious spinal pathology, had 

major pain or injury to other body regions in the previous 12 months, or had other major diseases or disorders. To control factors that might influence 

sensitisation, participants were also excluded if they were using corticosteroids or anti-cytokine therapy. Participants were allowed to use pain 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

medications that do not affect inflammatory cytokines (i.e., simple analgesics such as paracetamol) and if required could use non-steroidal anti-

inflammatory pain medication (e.g., Ibuprofen) provided it ceased five days prior to their laboratory assessments. 

Participants reported their “average” level of LBP and LBP-related disability in the past week within 24 h of their first assessment session and 

each subsequent fortnight for 6 months. LBP was assessed using a numerical rating scale (NRS) anchored with “no pain” at 0 and “worst pain 

imaginable” at 10 in response to the question: “Please give a number to describe your average pain over the past week”. Pain-related disability was 

assessed using the Roland Morris Disability Questionnaire (RMDQ 
99

), which is a self-administered questionnaire consisting of 24 items associated with 

physical functions likely to be affected by LBP. An item receives a score of 1 if it is applicable to the respondent or a score of 0 if it is not, with a total 

score range of 0 (no disability) to 24 (severe disability). In addition to the exclusion criteria listed above, potential participants who reported pain of < 1 

on the NRS and/or a score of < 1 on the RMDQ in the week prior to their first assessment session were excluded from the study. 

2.3 Procedures 

Participants completed a series of online questionnaires related to their general health, demographics, psychological status, and sleep behaviour 

within 24 hours of their initial laboratory assessment. Pain thresholds in response to pressure (pressure pain threshold: PPT), heat (heat pain threshold: 

HPT), and cold (cold pain threshold: CPT) were measured in random order before assessing CPM. This procedure was replicated 6 months later for 

follow-up evaluation. 

2.3.1 Questionnaires 

General health and demographic variables: Age, sex, co-morbidities, and self-reported body mass index (BMI: weight [kg] divided by the 

squared height) were collected. Participants reported smoking history (current/previous smoker), alcohol habits (frequency and amount consumed), and 

whether they had experienced previous LBP (yes/no). 
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Psychological and sleep variables: We selected measures of psychological variables with satisfactory psychometric properties that considered the 

three key domains shown to be relevant in LBP: cognitive (expectations, beliefs, and perceptions’ concerning pain) 
10, 38, 65, 68

, emotional (distress, anxiety, 

and depression) 
88

, and behavioural (coping, pain behaviour, and activity/activity avoidance) 
38, 65, 68

. The 20-item Center for Epidemiological Studies 

Depression Scale (CES-D, range: 0–60) 
93

 was used to assess depressive symptoms (i.e., emotional domain) in the past week 
64

. The 13-item Pain 

Catastrophizing Scale (PCS, range: 0–52) was used to assess the presence of catastrophic thought processes related to pain (i.e., cognitive domain) 
86

. The 

11-item Fear Avoidance Beliefs Questionnaire (FABQ) was used to assess fearful and avoidant behaviours related to physical activity (FABQ-PA: 5 

items, range 0–66) and work (FABQ-W: 11 items, range 0–66) attributed to the participants’ LBP (i.e., behavioural domain) – higher scores indicate 

higher levels of fear-avoidance beliefs 
114

. Unemployed participants were removed from the final FABQ-W dataset. The 10-item Pain Self-Efficacy 

Questionnaire (PSEQ, range: 0–60) was used to assess the confidence participants had in performing activities while in pain (i.e., cognitive and 

behavioural domains) 
77

 – higher scores imply a greater confidence in the ability to do things despite pain. With respect to sleep, duration and quality 

were assessed with the Pittsburgh Sleep Quality Index (PSQI) 
15

. The 19-item PSQI and its psychometric properties have been validated in various 

populations including those with insomnia 
3, 17

 – higher scores reflect greater sleep complaints. For analyses we used self-reported hours of actual sleep 

and total PSQI scores (range: 0–21).  

2.3.2 Sensory testing 

Sensory tests were performed as described previously 
59, 60

 and outlined briefly below. 

Pain thresholds: Pain thresholds to heat, cold and pressure were measured at two locations: (1) lower back (local) – site at which the participant 

reported “most” pain on palpation, and (2) thumb/forearm (remote) – thumbnail (PPT) and proximal volar aspect of the forearm (HPT/CPT) on the 

opposite side of the body to that used to assess pain thresholds at the lower back.  
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Thermal pain thresholds were tested using a Thermal Sensory Analyzer (TSA 2001, Medoc, Israel) system with a 30 × 30 mm Peltier contact 

probe. For HPT, the thermode started at 30 °C and increased at rate of 0.7 °C/s with a cut-off of limit of 52 °C. Participants pressed a stop button when 

they first perceived the stimulus as painful 
106

. Five trials were performed at each site (back and forearm), separated by an inter-stimulus interval of 10 s, 

and the mean of the last three trials was used as the “HPT” 
89

. For CPT, the thermode started at 30 °C and decreased at rate of 0.7 °C/s with a cut-off limit 

of 0 °C. Participants pressed a stop button when they first perceived the stimulus as painful 
106

. As for HPT, five trials were performed at each site (10-s 

inter-stimulus intervals) and the mean of the last three trials was used as the “CPT”.  For the determination of PPT, a pressure algometer (Somedic A/B, 

Stockholm, Sweden) with a 1-cm disc-shaped probe head was applied at an increasing rate of ~40 kPa/s. Participants pressed a stop button when the 

stimulus changed from one of pressure to one of pain 
106

. Three trials were performed at each site and a mean score in kPa was calculated. 

Conditioned pain modulation: CPM is measured as the difference in pain perceived in response to a noxious stimulus (test stimulus – TS) before 

and during/after the application of a secondary noxious stimulus (conditioning stimulus – CS). Here, CPM was assessed approximately 20 minutes after 

assessment of pain thresholds using a parallel paradigm in which a noxious TS was applied before, and then simultaneously with, a CS 30 seconds after 

onset. PPT, performed in an identical manner to that outlined above, served as the TS. Contact heat delivered by a computerised stimulation device (30 × 

30 mm Peltier contact probe) served as the CS. Target CS temperature was set at 1 °C above the participant’s HPT (as determined earlier) for each test 

site. During CPM testing, the CS was applied at an initial temperature of 30 °C and rose by 0.7 °C/s to the predetermined temperature. Temperature was 

returned to baseline at 7 °C/s after completion of TS measurements. At three time-points during exposure to the CS (0 seconds, 30 seconds, and just prior 

to cessation of the CS – after the last TS recording), participants reported the pain intensity caused by the CS on a 101-point numerical rating scale (101-

NRS) anchored with “no pain” at 0 and “worst pain imaginable” at 100. Some participants were unable to tolerate the target CS during CPM trials, so the 

CS was reduced at 0.5 °C increments until the reported pain scores were below “80” on the NRS. If the reported pain in response to the CS was less than 
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“45” on the 101-NRS before application of the TS (30 seconds after commencement of the CS), the temperature was increased until pain exceeded “45”. 

This “revised” temperature was then used for all remaining CPM trials that involved the same CS test site unless further increases or decreases in 

temperature was required. This procedure ensured the CS was safe and sufficiently intense to induce CPM over a short application time. 

Three body regions were selected for testing to explore whether application of the TS/CS to the painful region affects the CPM response: (1) lower 

back (as for pain thresholds [see above]), (2) forearm (TS – proximal region of the muscle belly of extensor carpi radialis longus; CS – proximal volar 

aspect), and (3) thumbnail (TS only). Trials were conducted in three test blocks (separated by a 15-minute break 
122

) of different TS and CS arrangements 

in random order: 

(1) TS – lower back, CS – contralateral forearm  

(2) CS – lower back, TS – contralateral forearm and thumb 

(3) CS – forearm (ipsilateral to lower back site), TS – contralateral forearm and thumb  

The CPM response for each of the arrangements was calculated as the difference between the TS scores obtained before and during the CS 
130

. A 

higher TS score (i.e., higher pain threshold) during the CS than baseline indicated pain inhibition (positive value). A lower TS score (i.e., lower pain 

threshold) during the CS than baseline indicated pain facilitation (negative value) 
128, 129

. Two final CPM scores were calculated for analysis: (1) average 

of the CPM responses for TS/CS arrangements using the same anatomy (upper limbs: “CPM-sa”), and (2) average of the CPM responses for TS/CS 

arrangements using mixed anatomy (back and upper limbs: “CPM-ma”). CPM responses were averaged across multiple testing sites to reduce the 

potential for spurious findings that may be associated with interpretation of CPM from a single measure 
59

. 

2.4 Statistical analysis 
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Analyses were performed using Statistica v12 (StatSoft) and Stata v14 (Stata Corp). Significance threshold was set at α < 0.05. Data that were not 

normally distributed (i.e., pain threshold and CPM measures were skewed), as indicated by a Kolmogorov-Smirnov test: p < 0.05, were log-transformed. 

To assess for potential attrition bias due to follow-up loss, baseline questionnaire and sensory data were compared between participants (N = 99) and non-

participants (i.e., excluded because they did not provide follow-up data after baseline testing: N = 30) at follow-up using Fisher’s exact (categorical 

variables) or independent t tests (continuous variables). 

Participants were categorised based on their 6-month pain (NRS) and disability (RMDQ) status: (1) those with increased or unchanged pain and 

disability from baseline, or a pain score of ≥ 7/10 (corresponding to severe pain 
11

) at 6 months (N = 15, “unrecovered”), (2) those with decreased but not 

fully resolved pain and/or disability from baseline (N = 65, “partially recovered”), and (3) those with no pain and disability at 6 months (N = 19, 

“recovered”). Six-month pain and disability status were calculated by separately averaging the final three fortnightly NRS and RMDQ scores (final 

month: weeks 20, 22, and 24). LBP participants (N = 30) without these data could not be categorised. 

Questionnaire data were compared between the unrecovered, partially recovered and recovered LBP groups using Fisher’s exact tests (categorical 

variables) or one-way ANOVAs (continuous variables). Pain thresholds and CPM values (CPM-sa and CPM-ma) were first compared between LBP 

groups (group: unrecovered vs. partially recovered vs. recovered) for the first aim at baseline using one-way ANOVAs, and then over time (session: 

baseline vs. 6 months), for the second aim using repeated measures ANOVAs. These techniques were preferred over others (e.g., linear mixed models) 

because of the relatively simple study design and complete data set. Bonferroni’s test was used for post hoc analysis.  

According to our third and fourth aims, cluster analysis was conducted in two ways: 

(1) First, for aim three we repeated methods used previously to generate sub-groups based exclusively on sensory data at baseline (i.e., during the acute 

phase) 
59

. Pain threshold (PPT, HPT, and CPT) and CPM (all five individual measures) data were entered into a principal component analysis (PCA) 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

to reduce the dimensionality of the original data set into a series of linear, non-correlated “principal components” (PCs) 
131

. The first PC accounts for 

the greatest proportion of the variability in the dataset, followed by the second PC, and so forth 
97

. PCs with eigenvalues > 1 or above a break in the 

scree plot (“elbow” criterion: value at which added dimensions no longer explain the data substantially) were retained 
21, 50

. Variables with 

considerable influence on each PC were defined as those with a factor loading  ≥ ±0.5 
33

. Unbiased hierarchical clustering (cosine similarity, complete 

linkage) was performed on the retained PCs (individual participant t-scores converted to Z-scores: each t-score subtracted by the mean of the group 

and divided by the standard deviation of the group) to determine the existence of sub-groups in acute LBP based on the sensory testing results. 

(2) Second, for aim four we explored potential sub-groups based on analysis of data that included psychological and sleep factors, in addition to sensory 

data, without subjecting data to PCA. Hierarchical clustering (Euclidean distance, complete linkage) was performed on baseline (acute phase) 

measures of sensitivity (PPT, HPT, and PPT), CPM-sa, CES-D, PCS, and PSQI, with all data standardised to Z-scores. To reduce the risk of spurious 

groupings, the three psychological variables (FABQ and PSEQ) that were least different (p>0.0380) between the unrecovered, partially recovered and 

recovered groups at baseline were excluded to increase the sample size-to-variable ratio. As an additional post hoc analysis, not to answer the primary 

questions of the study, we repeated the process using only CES-D, PCS and PSQI data to assess whether sub-groups based on psychological and sleep 

factors alone (i.e., without sensory data) were associated with measures of outcome. 

Clustering was performed using the publicly available Morpheus webtool (https://software.broadinstitute.org/morpheus/). The optimal number of 

clusters was determined by inspecting the dendrogram/heatmap and limiting the minimum number of participants per cluster to 10. After clustering, one-

way ANOVAs or Fisher’s exact tests were used to determine which variables differed between the clusters, and whether measures of outcome 

(pain/disability at 3 and 6 months, and % change in pain and disability from baseline to 6 months), demographics, and the percentages of participants 

from the three LBP groups differed between clusters. 
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3. Results 

3.1 Comparisons at baseline between participants and non-participants at follow-up 

 Baseline characteristics were mostly similar between participants and non-participants at follow-up, except for higher disability (p = 0.020) and 

lower pain self-efficacy (p = 0.022) in non-participants. Pain thresholds and CPM magnitudes were not different between groups. 

3.2 Characteristics at baseline in LBP outcome groups 

The three LBP groups based on outcome at 6 months shared similar health and demographic characteristics at baseline. However, unrecovered 

participants had greater depressive symptoms (post hoc: p = 0.005) and a lower BMI (post hoc: p = 0.047) than recovered participants, and both 

unrecovered and partially recovered participants had greater pain catastrophizing (post hoc: all p < 0.009) and a greater incidence of previous LBP 

(Fisher’s exact: all p < 0.043) than recovered participants (Table 1). 

3.3 Sensory profiles at baseline in LBP outcome groups 

Pain thresholds and CPM magnitudes for each LBP outcome group at baseline and 6 months are presented in Fig. 1. One-way ANOVAs of 

baseline data confirmed that there were no sensory differences during the acute phase for any measure between the three LBP outcome groups (all p > 

0.288; Table 2).  

3.4 Sensory profiles at baseline and 6 months in LBP outcome groups 

Repeated measures ANOVAs that compared sensory measures at two time-points revealed a significant group × session interaction for CPT 

measured at the arm (F[2, 87] = 3.3, p = 0.040). Although average sensitivity to cold pain tended to increase over time in unrecovered participants and 

decrease in partially recovered and recovered participants at 6 months, no significant post hoc differences were found. Sensitivity to pressure (PPT) at the 
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back was less at 6 months than at baseline in recovered participants (main effect: session – F[1, 87] = 6.8, p = 0.011; post hoc: p = 0.049) and sensitivity 

to heat (HPT) at the back was less at 6 months than at baseline in partially recovered participants (main effect: session – F[1, 87] = 7.2, p = 0.009; post 

hoc: p = 0.019). No group differences were found for any measure. 

3.5 A priori PCA-based cluster analysis of sensory data at baseline: 3- and 6-month outcome differences between clusters 

 Results from the PCA-based cluster analysis of sensory variables at baseline replicate our previous findings 
59

. Two PCs accounting for 46.4% of 

the total variation in the sensory data (Table 3) were derived from the PCA and can be summarised as representing the dimensions pain threshold (PC1) 

and CPM (PC2). Hierarchical clustering based on these PCs revealed four sub-groups with distinct sensory profiles (Fig. 2 and Table 4), which were 

termed: “high sensitivity” (Cluster 1), “low CPM efficacy” (Cluster 2), “high sensitivity/low CPM efficacy” (Cluster 3), and “low sensitivity/high CPM 

efficacy” (Cluster 4). Outcome analyses showed that clusters did not differ in terms of pain or disability at 3 months, 6 months, or in the percent change in 

pain/disability from baseline to 6 months (Table 4). This indicates that baseline pain sensitivity/CPM alone was not related to outcome. 

3.6 Cluster analysis of sensory, psychological, and sleep data at baseline 

 Hierarchical clustering of sensory, psychological, and sleep data identified three distinct clusters (Fig. 3), termed: “high sensitivity and negative 

psychological state” (Cluster 1), “high sensitivity” (Cluster 2), and “low sensitivity” (Cluster 3). ANOVAs confirmed variables that differentiated the 

clusters (Table 5) and post hoc analyses confirmed the between-cluster differences. Clusters 1 and 2 were more sensitive than Cluster 3 to all stimulus 

types at all anatomical locations (post hoc: all p < 0.006), and Cluster 2 was more sensitive to heat pain at the arm than Cluster 1 (post hoc: p = 0.006). 

Differentiating the two high sensitivity clusters, Cluster 1 also had higher depressive symptoms and pain catastrophizing than Clusters 2 and 3 (post hoc: 

all p < 0.004), and poorer sleep quality than Cluster 3 (post hoc: p = 0.011). Clusters also differed with respect to the percentages of participants in each of 

the three LBP outcome groups (Fisher’s exact: p = 0.047; Fig. 3): Cluster 1 contained more unrecovered (29.4%) and less recovered (0%) participants, 
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but similar partially recovered participants, than Cluster 2 (unrecovered = 7.9%, partially recovered = 63.2%, recovered = 28.9%; Fisher’s exact: p = 

0.007). 

Measures of pain (NRS) and disability (RMDQ) 3 and 6 months after baseline differed between clusters. Cluster 1 (“high sensitivity and negative 

psychological state”) reported greater pain than Cluster 2 (“high sensitivity”), and greater disability than Clusters 2 and 3 (“low sensitivity”) at both time 

points (post hoc: all p < 0.042). In addition, Cluster 1 reported least recovery (% change from baseline to 6 months) and Cluster 2 reported most recovery 

(post hoc: p = 0.032), with respect to pain. However, recovery with respect to disability was not different between clusters. Baseline pain, disability and 

demographics did not differ between clusters (Table 5). 

Clustering of baseline psychological and sleep data, without sensory data, generated four distinct clusters (Table 6). Cluster 1 was characterised by 

high depressive symptoms, Cluster 2 by high pain catastrophizing, Cluster 3 by low depressive and pain catastrophizing symptoms, and Cluster 4 by poor 

sleep. Although clusters could be differentiated by disability at baseline, and both pain and disability at 3 months, they were not different with respect 

pain and disability at 6 months, or the degree of recovery at 6 months. 

 

4. Discussion 

Our first three aims were to determine whether recovery at 6 months could be differentiated on the basis of signs of central sensitisation early 

(baseline) and/or at follow-up (6 months) by comparing individual sensory measures between recovery groups, or by an a priori PCA-based cluster 

analysis of baseline sensory data. Both approaches failed. As a fourth aim we also sought to determine whether adding psychological and sleep features at 

the acute stage improved differentiation of groups, which they did: those with high sensitivity, high depressive symptoms, catastrophizing and poor sleep 
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had the poorest outcomes at 3 and 6 months. In contrast, those with high sensitivity but low depressive symptoms, catastrophizing and good sleep had the 

best outcomes at 3 and 6 months. 

4.1 Sensory sensitisation alone is not associated with outcome 

No single or combination of measure(s) of pain sensitivity/CPM at baseline could differentiate LBP groups or clusters (PCA-based) with respect to 

outcome. Few studies have prospectively examined the association between sensory profiles in LBP and outcome. However, there are associated data that 

seem corroborative. For example, a recent systematic review 
70

 revealed three studies that took sensory measures (including pain thresholds/CPM) at the 

back and a remote site in individuals with LBP and related them to outcomes. Those measures did not predict clinically significant pain at 4 months in 

participants initially assessed after their first primary care visit for a LBP episode (65% ≤ 30 days of LBP onset) 
63

, or pain intensity at 1 year 
75

 or work 

ability at 2 years 
80

 in participants who already had chronic pain at baseline assessment. Another study investigated whether sensory profiles relate to 

long-term risk of recurrence: people with recent LBP or no/remitted LBP, who had a low PPT at the back or limbs, had no increased risk of developing 

future LBP 4 and 8 years later 
82

. A systematic review of cross-sectional studies also found no correlation between pain thresholds (pressure, thermal, 

electrical) and spinal (back, neck) pain, regardless of the test site or the duration of pain 
45

. 

There are examples in other pain conditions where sensory measures do seem to predict outcome. For instance, CPT and PPT were shown to be 

prognostic in whiplash-associated disorders 
107, 115

 and lateral epicondylalgia 
19

, and pre-operative higher pain sensitivity (lower PPT, HPT, electrical PT 

120
) and lower CPM efficacy 

130
 have been associated with greater post-operative pain. The relationships however, may not be as simple as they might 

seem: one study in acute whiplash injury showed that pain sensitivity does not remain a “predictor” of outcome when accounting for other variables 

(using multiple regression) including initial symptoms, arousal, and age 
98

. Differences in the nature and severity of the injury/condition between studies 

may explain some of the variation in results. Further, central sensitisation is likely not one phenomena that can be activated and modulated by various 
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mechanisms, each of which could affect outcomes differently at different times. Hence, sensory tests alone might lack sensitivity to consistently detect the 

various manifestations of central sensitisation. However, an alternative explanation is that heightened sensitivity is only a precursor to poor outcome for 

some individuals, and may depend on interaction with other factors, as might be suggested by the current results.  

Increased pain sensitivity is one of a number of so-called “sickness responses” that occurs when the body is subjected to an immune challenge 

such as infection 
35, 67, 117

. Similar processes occur with injury. Generalised pain amplification in this context is consistent with a “short-term” survival-

enhancing strategy that aids tissue healing (and host defence) by restricting movement and conserving energy until the injury has healed 
53, 108, 117

. This is 

consistent with human and animal studies showing that the cellular and molecular changes associated with central (and peripheral) sensitisation can occur 

rapidly and alter function dramatically, but are usually relatively short-lasting and reversible 
62, 72, 127

. This could also explain why generalised 

hyperalgesia is evident in acute LBP of < 2 weeks 
59

, though not associated with outcome. The present data suggest that an increased gain of central 

neurons (i.e., central sensitisation) resulting in generalised hyperalgesia could be interpreted as an adaptive feature of acute LBP that normally resolves, 

but may be sustained beyond tissue repair by certain interacting factors.  

That early development of central sensitisation is not a determinant of outcome but considered to play a key role in the development of chronic 

pain presents an apparent paradox. Interactions between the immune and nervous systems may provide insight. Inflammatory agents in damaged tissue 

increase the excitability of nociceptor terminals (peripheral sensitisation) causing enhanced sensitivity to noxious and non-noxious stimuli at the injured 

site (primary hyperalgesia) 
58, 69, 127

. The ensuing barrage of peripheral inflow can soon trigger changes within the spinal cord that contribute to segmental 

(central) sensitisation by enhancing excitatory and reducing inhibitory inputs 
55, 62, 101, 127

. These changes manifest as hyperalgesia surrounding the injured 

site (secondary hyperalgesia) and serve a logical protective function 
72

.  
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Many of the same inflammatory agents (i.e., cytokines) can spill over into circulation and evoke a systemic inflammatory response 
54, 66, 95

. 

Systemically, cytokines can reach or signal the CNS via a number of routes 
4, 90, 91, 112, 118

 and activate spinal and brain glial cells 
96

, which produce a range 

of substances that are instrumental to setting the stimulus-response profile in nociceptive pathways and adaptive behaviour 
117, 121

. Confirmative evidence 

linking systemic inflammation and pain has come from studies showing a rapid increase in widespread pain sensitivity after administration of 

inflammatory provoking agents in the periphery of healthy humans and animals 
23, 113, 119

, which can be attenuated by inhibiting peripheral cytokines 
30, 67, 

116
 or central glia 

43, 44, 113, 117
. A dysregulated inflammatory response, locally or systemically, could therefore lead to excessive or ongoing inflammation 

that facilitates central sensitisation to such an extent that the organism becomes “over protected”. It seems highly likely that this neuro-immune 

upregulation significantly contributes to ongoing enhancement of sensitivity to somatosensory input, characteristic of some chronic pain states 
62, 117

.  

4.2 Sub-groups associated with outcome  

Sub-groups generated with the addition of psychological and sleep data had different outcomes. Pain (NRS) and disability (RMDQ) scores at 3 

and 6 months were highest and pain recovery (% change from baseline to 6 months) was worst in those with enhanced sensitivity to all stimulus types and 

locations in combination with high depressive, pain catastrophizing, and sleep (poorer) scores (Cluster 1 – “high sensitivity and negative psychological 

state”). Conversely, individuals with similarly high sensitivity but lower psychological and sleep scores had the lowest pain/disability at both time points 

and best recovery at 6 months (Cluster 2 – “high sensitivity”). Individuals with generally low sensitivity (Cluster 3 – “low sensitivity”) had similar 

outcomes to Cluster 2. Although other data suggest a relationship between psychosocial features and transition to chronicity
 37 56

, the sub-groups based on 

psychological and sleep variables alone, without the sensory data, were not associated with recovery and outcomes at 6 months. These findings support 

our view that central sensitisation presents in some but not all individuals with acute LBP, and that its presence in the acute-phase does not necessarily 

precede poor outcome.  
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We speculate that psychological influences during acute LBP mediate the maintenance of central sensitisation. Many processes that control pain 

overlap with those that are considered involved in psychological disorders such as depression 
76, 108

. It is perhaps not surprising then that there is high 

comorbidity between pain, pain catastrophizing and depression, and that each might influence the other 
7, 18, 37, 56, 109

. This relationship might in part be 

explained by underlying inflammatory processes. Six meta-analytic reviews on inflammatory profiles in depression show that pro-inflammatory cytokines 

are elevated in depressed individuals who are otherwise healthy compared to non-depressed individuals 
24, 39, 41, 42, 132

. In addition, increased cytokines 

have been found to prospectively predict the development of depressive symptoms 
27, 28, 32, 110

, and vice versa, depression and pain catastrophizing predict 

increases in cytokines 
25, 27, 61

. As described above, many of these cytokines modulate pain and are important in both initiating and maintaining central 

sensitisation (for review see 
76, 108

). Although the mechanisms that link these features are complex and remain to be fully elucidated, the hypothalamic-

pituitary-adrenal axis (HPA-axis) and its vulnerability to stress and immune responses may be a common factor 
7, 27, 40, 94

. 

Poor sleep also featured in the “high sensitivity and negative psychological state” cluster (Cluster 1). This concurs with the view that sleep, pain, 

and psychological features are interrelated and that the direction of causality is bidirectional. Poor/restricted sleep reduces pain thresholds 
49, 57, 102

 and 

sleep problems exacerbate existing pain and predict new-onset pain 
9, 84

. Psychological factors appear to mediate the association between sleep and pain 
81, 

85, 104
, and conversely, sleep seems to mediate the association between pain and depression 

34, 73
. Again, inflammation is thought to be involved. Sleep 

modulates cytokines by interfering with the HPA-axis and sympathetic nervous system 
48, 105

, and cytokines modulate sleep by acting on neurons within 

brain regions implicated in the regulation of sleep-wake behaviour 
12, 13, 47

. Overall, disturbance to either sleep, mood, or inflammation could setup a 

viscous negative cycle between the three that could initiate and/or sustain central sensitisation and hyperalgesia.  

4.3 Methodological limitations 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

A limitation of this study is the potential for attrition bias due to loss to follow-up of some participants. Participants (N = 30) that did not follow-

up (here referred to as non-participants), and who were therefore not included in the main analyses, had higher disability and lower pain self-efficacy at 

baseline than follow-up participants. However, as differences were relatively weak (all p > 0.020) and all other variables were similar between groups it is 

unlikely that our overall findings were influenced by excluding data from participants lost to follow-up. Another consideration of this study is that 15% 

and 12% of participants reported to be taking simple analgesics (e.g., paracetamol) and/or non-steroidal anti-inflammatory medication at the time of 

baseline and follow-up testing, respectively. To help control the influence of these factors on sensitisation, participants were instructed cease using 

medications that affect inflammation at least five days prior to testing. 

4.4 Conclusions 

This study provides evidence that generalised hyperalgesia consistent with central sensitisation presents early in some individuals during acute 

LBP, but its presence does not necessarily precede poor outcome at 3 and 6 months. Negative outcomes are more likely, however, with other features such 

as depressive and pain catastrophizing symptoms in conjunction with signs of central sensitisation. Our work supports that central sensitisation during the 

acute-phase can be a “normal” adaptive response that resolves for many, but may be exaggerated and/or sustained by other factors. Further studies that 

test this theory and explore potential mechanisms, including inflammation, will be interesting to follow. 
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Fig. 1. Baseline and 6 month pain thresholds and conditioned pain modulation magnitudes in participants with low back pain divided into those who were 

unrecovered (≥ pain and disability), partially recovered (< pain and/or disability), and recovered (no pain and disability) at 6 months. Significant 

interactions (group × session) and effects (session) derived using repeated measures ANOVAs are shown. Conditioned pain modulation is expressed as 

the average response to test and conditioning stimuli applied to either the “same” (upper limbs) or “mixed” (upper limb and back) anatomy. Error bars 

represent 95% confidence intervals. PPT – pressure pain threshold; HPT – heat pain threshold; CPT – cold pain threshold; CPM – conditioned pain 

modulation; TS – test stimulus; CS – conditioning stimulus. 
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Fig. 2. Hierarchical clustering of acute low back pain individuals based on principle component analysis of sensory data. Results are displayed as a 

heatmap and dendrogram in which the normalised (Z-scores) principle component (PC) scores are represented by shades of red (positive) and blue 

(negative). Each row is a PC, and each column is an individual low back pain participant. The dendrogram at the top shows group similarities, with four 

distinct clusters (Cluster 1 – “high sensitivity”, Cluster 2 – “low CPM efficacy”, Cluster 3 – “high sensitivity/low CPM efficacy”, and Cluster 4 – “low 

sensitivity/high CPM efficacy). 
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Fig. 3. Heatmap depicting normalised (Z-scores) sensory, psychological, and sleep measures at baseline in participants with low back pain. Each column 

represents an individual participant and each row represents a variable. Red indicates that the variable value is higher and blue indicates lower. With 

respect to pain thresholds, a lower value (i.e., temperature or pressure) reflects a lower PPT and HPT (i.e., more sensitive; blue) but a higher CPT (i.e., 

less sensitive; red). Participants were classified into three distinct clusters using unbiased hierarchical clustering, represented by the dendrogram at the 

top: Cluster 1 – “high sensitivity & negative psychological state”, Cluster 2 – “high sensitivity”, and Cluster 3 – “low sensitivity”. The percentages of 

participants in the unrecovered, partially recovered, and recovered groups in each of the three clusters are represented in the pie charts at the bottom. PPT 

– pressure pain threshold; HPT – heat pain threshold; CPT – cold pain threshold; CPM-sa – conditioned pain modulation (same anatomy); CES-D – 

Center for Epidemiological Studies Depression Scale; PCS – Pain Catastrophizing Scale; PSQI – Pittsburgh Sleep Quality Index. 
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Table 1. Baseline characteristics for unrecovered (N = 15), partially recovered (N = 65), and recovered (N = 19) participants. 

 

Variable (characteristic) means (±SD) were compared between unrecovered, partially recovered, and recovered low back pain participants using one-way 

ANOVAs (continuous variables) or Fisher’s exact tests (categorical variables). 

Continuous data described as mean ±SD. Categorical data described as number (%). 

 Unrecovered 
 

Partially recovered 
 

Recovered  

Characteristic Mean (SD) Range  
 

Mean (SD) Range 
 

Mean (SD) Range P-value 

Age (yrs) 27.3 (6.6) 19–41  29.8 (7.9) 18–50  30.6 (8.8) 20–49 0.461 

Sex (male, %) 53.3 - 
 

53.8 - 
 

42.1 - 0.694 

BMI (kg/m
2
) 22.9 (3.1) 16.7–27.1 

 
24.0 (3.8) 16.9–39.2 

 
26.2 (4.7) 19.9–37.0 0.034 

Current smoker (%) 0.0 - 
 

6.3 - 
 

5.3 - 0.999 

Previous/current smoker (%) 60.0 - 
 

32.8 - 
 

31.6 - 0.151 

Previous LBP (%) 100.00 - 
 

93.8 - 
 

73.7 - 0.020 

Pain (NRS) 4.5 (1.5) 3–8  5.0 (2.0) 1–9  4.1 (1.9) 1–7 0.171 

Disability (RMDQ) 6.1 (4.1) 1–16 
 

6.5 (4.6) 0–21 
 

5.5 (4.1) 1–18 0.668 

Depressive symptom (CES-D) 18.2 (10.7) 3–34 
 

12.7 (8.0) 0–36 
 

9.1 (6.5) 0–20 0.007 

Fear-avoidance beliefs (activity) (FABQ) 14.6 (3.8) 10–21 
 

15.2 (5.6) 1–24 
 

13.2 (6.4) 0–22 0.385 

Fear-avoidance beliefs (work) (FABQ) 9.7 (10.2) 0–32 
 

11.8 (6.4) 0–28 
 

9.9 (9.4) 0–36 0.589 

Pain catastrophizing
 
(PCS) 14.4 (8.8) 3–34 

 
13.9 (9.3) 0–37 

 
5.4 (4.2) 1–16 < 0.001 

Pain self-efficacy
 
(PSEQ) 46.4 (10.1) 27–60  44.9 (10.2) 14–60  48.3 (11.7) 28–60 0.608 

Sleep hours/night (hours, PSQI) 7.1 (1.3) 4–9 
 

6.6 (1.2) 4–9 
 

7.2 (1.2) 5–9 0.174 

Sleep quality
 
(PSQI) 10.1 (4.1) 4–18 

 
9.2 (3.2) 4–17 

 
7.9 (3.0) 3–12 0.178 
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BMI – body mass index; LBP – low back pain; NRS – numerical rating scale; RMDQ – Roland Morris Disability Questionnaire; CES-D – Center for 

Epidemiological Studies Depression Scale; FABQ – Fear-Avoidance Beliefs Questionnaire; PCS – Pain Catastrophizing Scale; PSEQ – Pain Self-

Efficacy Questionnaire; PSQI – Pittsburgh Sleep Quality Index. 

Significant values are in bold font. 
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Table 2. Pain threshold and conditioned pain modulation measures for unrecovered (N = 15), partially recovered (N = 65), and recovered (N = 19) 

participants at baseline (acute phase). 

 

Variable means (±SD) were compared after log-transformation between unrecovered, partially recovered, and recovered low back pain participants using 

one-way ANOVAs. 

PPT – pressure pain threshold; HPT – heat pain threshold; CPT – cold pain threshold; CPM-sa – average conditioned pain modulation response when test 

and conditioning stimuli were applied to the same anatomy (i.e., upper limbs); CPM-ma – average conditioned pain modulation response when test and 

conditioning stimuli were applied to mixed anatomy (i.e., upper limb and back). 

  

 Unrecovered 
 

Partially recovered 
 

Recovered  

Characteristic Mean (SD) Range  
 

Mean (SD) Range 
 

Mean (SD) Range P-value 

PPT – thumb (kPa) 470.7 (159.4) 194.3–687.7  471.1 (174.3) 129.7–829.0  395.0 (116.2) 225.0–703.7 0.229 

PPT – back (kPa) 551.5 (362.3) 85.3–1148.7 
 

496.8 (242.7) 136.3–1052.0 
 

475.1 (205.9) 188.0–1035.0 0.940 

HPT – forearm (°C) 44.9 (3.7) 35.1–48.9 
 

43.4 (3.6) 34.4–50.2 
 

44.1 (3.1) 36.3–50.4 0.277 

HPT – back (°C) 42.8 (5.2) 36.1–48.4 
 

43.0 (4.2) 33.5–49.3 
 

43.9 (2.4) 40.2–48.4 0.979 

CPT – forearm (°C) 8.9 (8.7) 0.0–24.4 
 

12.2 (8.9) 0.0–27.7 
 

13.5 (8.8) 0.0–28.7 0.307 

CPT – back (°C) 12.4 (11.2) 0.00–27.8 
 

11.6 (10.5) 0.0–27.9 
 

10.9 (9.1) 0.0–28.1 0.963 

CPM-sa 23.3 (42.6) -36.2–112.8  22.0 (51.4) -92.2–132.2  18.7 (49.5) -48.7–139.3 0.961 

CPM-ma 29.7 (45.7) -39.2–122.1 
 

36.2 (51.9) -57.6–157.9 
 

32.0 (31.4) -36.6–88.7 0.870 
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Table 3. Principal component analysis of pain threshold and conditioned pain modulation data in acute low back pain participants.  

Sensory test PC 1 PC 2 PC3 

PPT – thumb 0.64 -0.15 0.32 

PPT – back 0.70 -0.07 0.16 

HPT – forearm 0.71 0.10 -0.32 

HPT – back 0.77 0.21 -0.20 

CPT – forearm -0.75 -0.01 0.19 

CPT – back -0.76 -0.13 0.14 

CPM (TS-thumb/CS-forearm) -0.31 0.72 -0.23 

CPM (TS-forearm/CS-forearm) 0.23 0.52 -0.06 

CPM (TS-thumb/CS-back) -0.29 0.65 0.32 

CPM (TS-forearm/CS-back) 0.38 -0.08 0.51 

CPM (TS-back/CS-forearm) 0.32 0.40 0.49 

% of variance 32.9 13.4 9.0 

Cumulative % of variance 32.9 46.4 55.4 

Two of the first three principal components shown were retained (no shading). Variable loading on each principal component was considered significant 

if ≥ ±0.5 (highlighted in bold). PPT – pressure pain threshold; HPT – heat pain threshold; CPT – cold pain threshold; CPM – conditioned pain 

modulation; TS – test stimulus; CS – conditioning stimulus.  
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Table 4. Means for each of the measures used (clustering variables: sensory) and not used (characteristics: pain and disability at baseline, 3 and 

6 months, and demographics) in the PCA-based cluster analysis across the four clusters. 

Variable 
Cluster 1: High Sensitivity  

(N = 15) 

Cluster 2: Low CPM efficacy 

(N = 26) 

Cluster 3: High Sensitivity/Low 

CPM Efficacy (N = 34) 

Cluster 4: Low Sensitivity/High 

CPM Efficacy (N = 22) 
P-value 

Clustering variables      

     PPT – thumb (kPa) 395.2 (74.6) 588.6 (147.3) 351.4 (127.7) 515.5 (147.5) < 0.001 

     PPT – back (kPa) 456.6 (143.7) 647.5 (276.3) 327.1 (139.1) 633.0 (274.1) < 0.001 

     HPT – forearm (°C) 44.2 (2.5) 45.6 (2.4) 40.7 (3.4) 45.7 (2.2) < 0.001 

     HPT – back (°C) 43.1 (2.8) 45.0 (3.7) 39.5 (3.2) 46.5 (1.8) < 0.001 

     CPT – forearm (°C) 14.6 (7.7) 6.7 (6.4) 18.7 (6.7) 5.2 (6.5) < 0.001 

     CPT – back (°C) 11.7 (7.5) 6.5 (8.6) 20.1 (7.4) 3.9 (7.9) < 0.001 

     CPM (TS-thumb/CS-forearm) 85.6 (50.1) -47.8 (74.0) 14.2 (44.9) 31.7 (59.9) < 0.001 

     CPM (TS-forearm/CS-forearm) 44.8 (52.4) 6.8 (36.4) 15.7 (40.1) 77.6 (80.3) < 0.001 

     CPM (TS-thumb/CS-back) 67.2 (85.5) -45.2 (63.6) 14.5 (44.4) 36.2 (70.8) < 0.001 

     CPM (TS-forearm/CS-back) 27.7 (76.1) 68.8 (98.5) 13.7 (36.7) 42.3 (85.3) 0.030 

     CPM (TS-back/CS-forearm) 77.4 (59.3) 41.2 (85.0) 5.0 (67.2) 118.2 (89.6) < 0.001 

Characteristics      

     Pain intensity: baseline 4.8 (1.9) 5.1 (2.1) 4.6 (1.8) 4.8 (1.9) 0.839 

     Disability: baseline 4.4 (3.4) 6.6 (4.4) 6.4 (4.6) 7.2 (4.7) 0.293 

     Pain intensity: 3 months 2.4 (2.0) 3.0 (2.6) 2.7 (2.4) 2.2 (1.9) 0.702 

     Disability: 3 months 1.9 (2.1) 3.4 (3.0) 3.8 (4.5) 3.0 (3.3) 0.401 

     Pain intensity: 6 months 2.4 (2.1) 3.0 (2.5) 2.2 (1.9) 2.2 (2.0) 0.290 

     Disability: 6 months 2.8 (3.3) 3.4 (3.8) 3.1 (4.2) 3.1 (3.9) 0.618 
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     % change in pain
†
 -42.5 (38.8) -33.3 (44.3) -44.8 (39.1) -44.8 (37.3) 0.849 

     % change in disability
†
 -28.8 (56.8) -39.6 (47.6) -42.5 (50.5) -40.9 (51.5) 0.691 

     Age (yrs) 31.2 (10.1) 32.1 (6.8) 26.8 (7.3) 30.5 (7.3) 0.045 

     Sex (male, %) 40.0 65.4 50.0 50.0 0.431 

     BMI (kg/m
2
) 24.8 (3.2) 24.5 (3.7) 24.2 (4.9) 23.9 (3.2) 0.904 

     Previous LBP (%) 93.3 100.0 85.3 86.4 0.152 

 

Variables were compared across all four clusters using one-way ANOVAs (continuous variables) or Fisher’s exact tests (categorical variables). 

Sensory (pain threshold and conditioned pain modulation) measures were compared after log-transformation. 

Continuous data described as mean ±SD. Categorical data described as number (%). 

†
Calculated as the percent change in pain/disability from baseline to 6 months. 

Refer to Tables 1-3 for a full description of other measures. 

Significant values are in bold font. 

 

 

  



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

Table 5. Means for each of the measures used (clustering variables: sensory, psychological, and sleep) and not used (characteristics: pain and 

disability at baseline, 3 and 6 months, and demographics) in the cluster analysis across the three clusters. 

Variable  
Cluster 1: High sensitivity & 

negative psychological state (N = 17) 

Cluster 2: High sensitivity  

(N = 38) 
Cluster 3: Low sensitivity (N = 44)  P-value 

Clustering variables:     

     PPT – thumb (kPa) 410.4 (159.7) 376.8 (114.6) 542.9 (162.2) < 0.001 

     PPT – back (kPa) 326.6 (167.5) 421.7 (172.7) 636.8 (277.2) < 0.001 

     HPT – forearm (°C) 44.0 (2.7) 41.0 (3.3) 46.1 (2.0) < 0.001 

     HPT – back (°C) 40.4 (4.5) 41.2 (3.2) 45.9 (2.8) < 0.001 

     CPT – forearm (°C) 13.7 (8.1) 18.2 (7.0) 5.8 (6.2) < 0.001 

     CPT – back (°C) 16.5 (9.6) 17.5 (8.5) 4.7 (7.3) < 0.001 

     CPM-sa 35.2 (44.2) 20.7 (43.5) 17.0 (55.3) 0.333 

     CES-D 22.6 (10.1) 10.4 (6.2) 11.1 (7.0) < 0.001 

     PCS 19.5 (11.1) 10.3 (7.2) 11.3 (8.5) 0.001 

     PSQI 10.9 (3.5) 9.2 (3.5) 8.2 (2.9) 0.014 

Characteristics     

     Pain intensity: baseline 5.1 (2.3) 4.4 (1.9) 4.9 (1.8) 0.403 

     Disability: baseline 8.1 (4.2) 5.4 (4.0) 6.3 (4.7) 0.111 

     Pain intensity: 3 months 4.0 (1.4) 2.0 (2.3) 2.6 (2.3) 0.012 

     Disability: 3 months 5.9 (4.5) 2.3 (3.3) 2.9 (2.9) < 0.001 

     Pain intensity: 6 months 3.6 (2.0) 1.8 (1.9) 2.6 (2.2) 0.011 

     Disability: 6 months 5.7 (5.0) 1.9 (2.9) 3.1 (3.5) 0.002 

     % change in pain
†
 -21.9 (32.9) -51.8 (39.0) -39.9 (41.7) 0.036 
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     % change in disability
†
 -27.8 (37.7) -49.2 (51.3) -36.8 (53.2) 0.294 

     Age (yrs) 29.9 (10.1) 28.3 (8.3) 30.5 (6.4) 0.435 

     Sex (male, %) 29.4 50.0 61.4 0.092 

     BMI (kg/m
2
) 22.9 (2.7) 24.6 (4.9) 24.4 (3.5) 0.328 

     Previous LBP (%) 94.1 86.8 93.2 0.645 

 

 

Variables were compared across all four clusters using one-way ANOVAs (continuous variables) or Fisher’s exact tests (categorical variables). 

Sensory (pain threshold and conditioned pain modulation) measures were compared after log-transformation. 

Continuous data described as mean ±SD. Categorical data described as number (%). 

†
Calculated as the percent change in pain/disability from baseline to 6 months. 

Refer to Tables 1-3 for a full description of other measures. 

Significant values are in bold font. 
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Table 6. Means for each of the measures used (clustering variables: psychological and sleep) and not used (characteristics: pain and disability at 

baseline, 3 and 6 months, and demographics) in the cluster analysis across the four clusters. 

Variable  Cluster 1: (N = 20) 
Cluster 2: 

(N = 23) 
Cluster 3: (N = 17)  Cluster 4: (N = 39)  P-value 

Clustering variables:      

     CES-D 24.5 (5.1) 13.4 (7.9) 6.1 (4.7) 9.4 (4.7) < 0.001 

     PCS 13.7 (7.10) 24.0 (7.1) 7.9 (4.3) 6.6 (4.5) < 0.001 

     PSQI 9.0 (3.8) 8.4 (2.5) 5.1 (1.1) 11.1 (2.4) < 0.001 

Characteristics      

     Pain intensity: baseline 4.6 (2.0) 5.6 (2.1) 4.8 (1.8) 4.3 (1.7) 0.102 

     Disability: baseline 7.1 (4.0) 8.3 (4.4) 6.8 (5.5) 4.4 (3.1) 0.004 

     Pain intensity: 3 months 2.7 (2.0) 3.5 (1.6) 2.3 (2.5) 2.0 (1.6) 0.036 

     Disability: 3 months 4.4 (5.3) 4.6 (3.7) 2.2 (2.7) 2.1 (2.3) 0.018 

     Pain intensity: 6 months 2.7 (2.2) 3.3 (2.0) 2.0 (2.3) 2.0 (1.8) 0.111 

     Disability: 6 months 3.8 (4.8) 4.0 (3.7) 2.6 (3.4) 2.4 (3.2) 0.314 

     % change in pain
†
 -33.8 (39.9) -29.9 (34.8) -55.9 (41.6) -45.7 (39.7) 0.157 

     % change in disability
†
 -40.9 (54.7) -40.7 (37.3) -45.1 (51.3) -36.9 (53.2) 0.956 

     Age (yrs) 29.7 (7.5) 27.0 (7.2) 30.6 (6.9) 30.6 (8.3) 0.324 

     Sex (male, %) 20.0 52.2 52.9 66.7 0.008 

     BMI (kg/m
2
) 24.9 (5.2) 22.9 (3.3) 24.2 (4.1) 24.6 (3.3) 0.325 

     Previous LBP (%) 85.0 91.3 94.1 92.3 0.778 

Variables were compared across all four clusters using one-way ANOVAs (continuous variables) or Fisher’s exact tests (categorical variables). 

Continuous data described as mean ±SD. Categorical data described as number (%). 
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†
Calculated as the percent change in pain/disability from baseline to 6 months. 

Refer to Tables 1-3 for a full description of other measures. 

Significant values are in bold font. 

 


