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Abstract

BACKGROUND: Our knowledge of central sensitization (CS) in chronic low back pain (CLBP) 

is limited. 2011 fibromyalgia criteria and severity scales (2011 FM survey) has been used to 

determine FM positive as a surrogate of CS. The major features of CS including widespread 

hyperalgesia and dysfunction of the descending inhibitory pathways can be identified by pressure 

pain threshold (PPT) and conditioned pain modulation (CPM) tests. The purpose of the study was 

to examine neurophysiological characteristics and psychosocial symptoms in a subgroup of FM 

positive CLBP compared to FM negative CLBP patients.

METHODS: 46 participants with CLBP and 22 healthy controls completed outcome measures of 

the 2011 FM survey, PPT and CPM tests, and psychosocial questionnaires. Differences between 

FM positive and FM negative CLBP participants on these measures and correlations were 

analyzed.

RESULTS: The 2011 FM survey identified 22 (48%) participants with CLBP as FM positive. FM 

positive CLBP participants showed lower PPT values of the thumbnail (p=0.011) and lower back 

(p=0.003), lower CPM values of the thumbnail (p=0.002), and more severe pain catastrophizing, 

anxiety and depression symptoms (p<0.05) than FM negative CLBP participants. The 2011 FM 

scores were significantly correlated with the PPT and CPM values of the thumbnail and with 

psychosocial symptoms (p<0.001).

DISCUSSION: Our findings suggest a subgroup of CLBP patients exhibiting with signs and 

symptoms of CS. Associations between subjective and objective CS measures indicate that the 

2011 FM survey can be utilized to identify the presence of CS in CLBP in clinical practice.
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Introduction

Chronic low back pain (CLBP) is a significant major health problem in the world[1–7] and 

85–90% of patients with CLBP are classified as non-specific CLBP, indicating no specific 

underlying peripheral or mechanical cause can be found [8, 9]. Low back imaging findings 

are poorly correlated with the severity of pain and function, often leading to untargeted 

treatments with unsatisfactory outcomes in this population [8–13]. Hence, the CLBP 

population is quite heterogeneous and therefore includes several subgroups presenting with 

varying and/or co-existing underlying mechanisms [14, 15].

A certain proportion of patients with CLBP presents with multiple symptoms such as 

widespread hyperalgesia, disproportionate pain intensity to their injury, and somatic and 

psychosocial symptoms [16–19]. These symptoms are also present in other chronic pain 

conditions such as fibromyalgia and osteoarthritis, suggesting a common underlying 

pathophysiologic mechanism of central sensitization (CS) [20–26]. Accumulating evidence 

indicates CS, defined as augmented central pain processing, is a common cause of persistent 

pain [15, 16, 20, 21, 24, 26]. However, our knowledge about CS in the CLBP population is 

limited.

CS can be induced by chronic peripheral noxious input, causing hyperexcitability in the 

central nervous system [16, 20, 21, 25, 26]. Chronic noxious input can cause neuro-chemical 

abnormalities, i.e. an imbalance in the excitatory and inhibitory central neurotransmitters 

and alter gene regulations in the central nervous system, leading to the central 

hyperexcitability [15, 21, 22, 26]. The central hypersensitivity eventually can spread and 

expand to multiple brain regions such as the somatosensory cortices, insular cortex, anterior 

and midcingulate cortex, prefrontal cortex and the limbic system [20–22, 25, 27–29]. 

Therefore, patients with CS can present with various symptoms such as widespread 

hyperalgesia, fear avoidance behavior, pain catastrophizing thoughts, anxiety, and depression 

[15, 16, 20–22, 26, 30, 31]. Furthermore, the central hyperexcitability also causes 

disinhibition in the descending inhibitory pathways (i.e., dysfunction of the descending 

analgesic system), resulting in enhanced pain perception within the spinal cord [16, 20, 21, 

26, 32]. In addition to these top-down mechanisms, bottom-up mechanisms also contribute 

to the presence of CS [25, 33]. Accumulating evidence suggests that the psychosocial 

symptoms, such as fear avoidance belief and pain catastrophizing, can facilitate the degree 

of central excitability through an increase in the neuronal activation of the prefrontal cortex 

and the limbic system [25, 33].

Patients with various underlying mechanisms leading to pain are mixed together in the 

CLBP population. A large amount of neuroscience literature has suggested that CS is present 

in a subgroup of chronic pain conditions [15–17, 20, 24, 29]. Clinically, some patients with 

CLBP present with widespread hyperalgesia and/or dysfunction of the descending inhibitory 

pathways determined by quantitative sensory testing (QST) [19, 34–40]. These clinical 
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presentations are strong indicators of central nervous contribution to their chronic pain 

symptoms [19, 34–40]. A certain portion of the patients with CLBP also present with 

psychosocial symptoms [16–19]; these symptoms are considered to be related to CS [15, 16, 

20–22, 26, 30, 31].

The 2011 Fibromyalgia (FM) Criteria and Severity Scales (2011 FM survey) used in the 

present study, is a validated self-reported questionnaire utilized to discriminate those with 

FM syndrome (FM positive) from those without (FM negative) [41–44]. FM is the 

prototypical state of CS [15, 22, 27, 28, 45, 46], but numerous imaging and clinical studies 

have determined that the neurophysiological alterations, i.e. CS, seen in FM are also present 

in a subgroup of other chronic pain conditions, including CLBP [34–37, 47–51]. The 2011 

FM survey conceptualizes FM syndrome as a continuum of CS and thus aims to identify 

patients with CS across different chronic pain conditions [15, 42, 43]. One of the advantages 

of using the 2011 FM survey to identify a CS subgroup is that this survey substantially 

examines the degree of widespread hyperalgesia which is a key feature of CS [42, 43]. The 

FM scores have also been used as a surrogate of CS in the research studies to identify the CS 

subgroup, using its cut-off scores in knee osteoarthritis [52], rheumatoid arthritis [53], and 

spine pain [54].

Despite of the all aforementioned evidence, our knowledge of clinical characteristics in the 

subgroup of CS patients within the CLBP population has not been comprehensively studied. 

A majority of previous studies examined some aspects of the CS symptoms between CLBP 

patients and healthy individuals but lacked to compare the CS symptoms among CLBP 

patients and define CS in a subgroup within the population [34, 35, 38, 55, 56]. Furthermore, 

these studies did not comprehensively incorporate CS measures such as a battery of 

subjective and objective outcomes. Thus, the aim of this study was to examine potential 

neurophysiological characteristics, and psychosocial symptoms relating to CS in FM 

positive CLBP participants as compared to FM negative CLBP participants. We 

hypothesized that FM positive CLBP participants would display widespread hyperalgesia, 

dysfunction of the descending inhibitory pathways, pain catastrophizing, fear avoidance 

beliefs, depression and anxiety as compared to those with FM negative CLBP. Furthermore, 

as a secondary aim, we examined whether the 2011 FM scores are associated with QST 

values and psychosocial symptoms. The results of this study would provide a greater 

understanding of the presentation of CS in CLBP and help clinicians to classify CS in the 

patients with CLBP, potentially resulting in targeted interventions and better outcomes.

Methods

This cross-sectional study was conducted at the University of Kansas Medical Center 

(KUMC) from September 2017 to November 2018. The study protocol was approved by the 

Institutional Review Board of the University of Kansas Medical Center (KUMC IRB # 

STUDY00141062).

Participants

Participants were recruited through placement of flyers at various KUMC and community 

locations, online questionnaires, Frontiers and Pioneers Participant Registries associated 
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with the University of Kansas Hospital, referrals from clinicians, and social media methods. 

We included those who had 1) low back pain more than 3 months, 2) low back pain severity 

greater than or equal to 3 on the 0 to 10 numeric rating pain scale within the last 7 days, 3) 

low back pain as a chief complaint, 4) age between 21 and 70 years, and 5) ability to read 

and understand English. We excluded those who had 1) numbness or decrease in sensation 

in the areas of the pain sensitivity tests as described below in the pressure pain threshold and 

conditioned pain modulation sections, 2) significant spinal pathologies such as fracture or 

tumor, 3) cervical, thoracic or peripheral joint pain as their chief complaint, 4) severe 

cardiovascular and neurological diseases, 5) cancer, 6) history of any spinal surgery, 7) 

resting blood pressure greater than 160/90 mmHg [57–59], 8) current use of blood thinning 

medications, 9) uncontrolled diabetes, and 10) current or prior participation in a similar 

study utilizing QST. We also included healthy controls (HC) as QST values do not have an 

established cut off point and can only be used to compare values between groups [19, 60–

62]. In the present study, QST values of HC served as normative values to clarify the degree 

of pain sensitivity and functionality of the descending inhibitory pathways in the FM 

positive and negative CLBP participants.

All participants who were qualified and willing to participate in the study signed the 

informed consent form that had been approved by the Institutional Review Board prior to the 

enrollment.

Procedure and Outcome Measures

The participants completed a demographic questionnaire, pain assessments, CS assessments, 

and a number of self-reported questionnaires. Demographic information included age, 

gender, body mass index (BMI) and race. Pain assessments consisted of low back pain 

intensity as measured by the Numeric Rating Scale (NRS) and the duration of pain in 

months. CS assessments included the 2011 FM survey, pressure pain threshold (PPT) test, 

and conditioned pain modulation (CPM) test. The self-report questionnaires included 

Oswestry Disability Index (ODI), Pain Catastrophizing Scale (PCS), Fear Avoidance Belief 

Questionnaire (FABQ), Beck Anxiety Inventory (BAI), and Beck Depression Inventory 

(BDI).

Self-reported Questionnaires

Physical Function: Physical function was assessed with the ODI, which consists of 

questions related to daily functions and the degree to which back pain interferes with those 

functions [63, 64]. The ODI includes one item on pain and nine items on activities of daily 

living (personal care, lifting, walking, sitting, standing, sleeping, sex life, social life, and 

traveling). Total score possible is 50; higher scores indicate greater disability. Percent 

disability can be calculated by dividing the subject’s scores by the total score of 50 and 

multiplying by 100.

Fear Avoidance Belief and Pain Catastrophizing.: Fear avoidance behavior and pain 

catastrophizing are the two major traits associated with the development and maintenance of 

CLBP [19, 65, 66]. The FABQ categorizes these traits using items related to fear about 

physical and work activities, and items that do not fall under either the physical or work 
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scale. Each item is scored from 0 to 6 with a higher number indicating increased fear of 

activity or work [67]. The PCS is a validated 13-item scale with questions related to 

catastrophizing behavior [68]. The total score is 52 with higher scores indicating greater 

catastrophic thoughts.

Anxiety and Depression.: Anxiety and depression were assessed with BAI and BDI 

respectively. The BAI is a self-report questionnaire that measures the severity of anxiety 

[69]. It contains 21 multiple-choice questions; each answer is scored on 0 (not at all) to 3 

(severely) scale. Higher scores indicate more severe anxiety symptoms. The BDI is a 21-

question multiple-choice self-report questionnaire with each answer being scored on a scale 

value of 0 to 3 [70]. Higher scores indicate more severe depressive symptoms.

The 2011 FM Survey.: The 2011 FM survey consists of an assessment of the Widespread 

Pain Index (WPI) and Symptom Severity (SS) [42, 43]. The WPI assesses whether or not 

patients experience pain or tenderness in the 19 specific body areas (score 0–19). Symptom 

severity was evaluated using the SS scale (score 0–12). As per the FM survey criteria, 

patients were classified FM positive if their scores were ≥ 7 for the WPI and ≥ 5 for the SS 

or if WPI scores were 3–6 and SS scores were ≥ 9. The 2011 FM survey has been shown to 

be a valid measure for identifying those with FM positive, i.e. fibromyalgia syndrome, in 

chronic pain conditions beyond the FM cohort in research settings [42, 43, 52–54]. In this 

study, we used the cut-off scores to divide the CLBP participants into two groups: FM 

positive and FM negative [41]. We also used the 2011 FM scores as a continuous variable to 

measure CS severity [42, 43, 52–54].

Quantitative Sensory Testing measures

Pressure Pain Threshold.: Pressure pain threshold (PPT) was measured using a pressure 

algometer (Wagner Instrument. USA) to two anatomical regions: 1) the thumbnail of the 

participant’s dominant hand (considered a remote site) and 2) the midline of the lower back, 

in the interspace between the fifth lumbar vertebra (L5) and first sacral vertebra (S1) 

(considered a local site)[38, 55, 56]. The pressure algometer has a one-cm2 circular rubber-

tipped probe that was placed perpendicular to each body site at a rate of 0.5kg/sec [58, 71]. 

Participants were instructed to indicate when the pressure sensation changed to a painful 

sensation [34–36, 72, 73]. At the moment the participant indicated transition of pressure to 

pain, the algometer was immediately released and the amount of force (Kg/cm2) causing the 

perception of pain was recorded as a PPT value [34–36, 72]. Prior to the actual tests, 

familiarization with the PPT test was performed by its application on the participant’s 

dominant arm until the participant became familiar about the test procedure. Three PPT 

measurements on each body site with a 30-second rest interval were conducted and averaged 

for data analyses. The PPT test has been indicated in the literature as having excellent 

reliability [74, 75], and the most reproducible method for identifying individuals with CS 

[76].

Conditioned Pain Modulation.: Conditioned Pain Modulation (CPM) is a commonly used 

measurement to evaluate the functionality of the descending inhibitory pathways [15, 38–40, 

77–79]. The CPM test assesses whether the pain sensitivity of the primary body site of 
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interest changes with a conditioning painful stimulus applied to a remote site of the body. In 

normal response to a conditioning painful stimulus, a normal neurophysiological response 

causes release of endogenous opioids and activation of the descending analgesic system, 

leading to decreased pain sensitivity (increased pain threshold) [78]. In this study, the 

conditioning painful stimulus was created by applying intense pressure to the non-dominant 

upper arm with a 12-cm wide pressure cuff to temporarily induce ischemic pain [39, 40, 57, 

58, 77, 79–81]. The cuff was inflated to 260 mmHg and the participant was instructed to lift 

a dumbbell weight (females lifted 1 kg and males lifted 2 kg) by extending the non-dominate 

wrist until the participant either completed 45 wrist lifts or reported pain intensity of the arm 

7 or greater on 0 to 10 scale [39, 57, 58, 77, 79]. As soon as the participant finished the 

lifting task, the PPT on the dominant side thumbnail and the lower back region was re-

assessed 3 times. The PPT values with the conditioning painful stimulus were averaged, and 

the differences between the PPT values with and without the painful stimulus (CPM values) 

were used for the analyses, as shown below [38, 39, 71, 77–79]. The CPM test is a 

successful QST method to discriminate individuals with CS, and has been utilized in 

multiple previous studies [15, 16, 38, 40, 58, 77–79, 82].

CPM values were calculated by subtracting the PPT values with the conditioning painful 

stimulus from PPT values without the conditioning painful stimulus.

Statistical Analysis

The data were analyzed using IBM SPSS Statistics Version 25 (SPSS Inc, Chicago, Illinois). 

Normality assumption of outcome variables was tested using the Shapiro-Wilk test. For the 

participant characteristics, mean and standard deviation were calculated for continuous 

variables, and percentages or binary labels (i.e., yes/no) were given for the categorical 

variables. The differences between groups on these participant characteristics were analyzed 

by independent two sample t test, chi-square test or one-way analysis of variance (ANOVA).

First, the differences in PPT and CPM values between FM positive CLBP participants, FM 

negative CLBP participants, and healthy controls were analyzed using one-way ANOVA. 

Family wise error rate was controlled with Tukey correction. Non-parametric tests were 

performed when data were not normally distributed. If a significant difference was observed, 

a post-hoc analysis was performed. Secondly, self-reported questionnaires between the FM 

positive CLBP and FM negative CLBP groups were analyzed with independent two sample t 
tests or Mann-Whitney U-tests, when data were not normally distributed. Thirdly, Pearson’s 

correlation coefficient r was estimated and tested to examine associations between 2011 FM 

scores (as a continuous variable), PPT and CPM values, and self-reported outcomes related 

to psychosocial symptoms. The interpretation of the correlation coefficient was as follows: a 

correlation coefficient between 0 and 0.19 = a very weak correlation, between 0.20–0.39 = 

weak, between 0.40–0.59 = moderate, between 0.60–0.79 = strong, and between 0.80–1.00 

= very strong [83]. The significance level was set at .05.

Results

A total of 46 participants with CLBP and 22 healthy controls were enrolled. Of the 46 

participants with CLBP, 22 (48%) were identified as having FM syndrome (FM positive) 
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based on the cut-off scores on the 2011 FM survey (WPI ≥ 7 and SS ≥ 5 or WPI between 3 

and 6 and SS ≥ 9).

Participant characteristics are described in Table 1. FM positive CLBP participants had 

greater low back pain intensity (p < 0.01; although the difference is not clinically significant 

[84]) and more widespread pain locations (p < 0.001) than FM negative CLBP participants. 

Eight participants were taking opioid medications on either as needed or regular basis and 

all of them were identified as FM positive (p < 0.001). With regards to age, gender, body 

mass index (BMI), and duration of pain, there were no significant differences between the 2 

groups (Table1).

The results of PPT and CPM tests are shown in Table 2, Figure 1 and 2. Statistically 

significant differences between the FM positive CLBP, FM negative CLBP, and HC controls 

were found in all 4 values; PPT on the thumbnail, PPT on the lower back, CPM on the 

thumbnail, and CPM on the lower back (all p < 0.01). The subsequent post-hoc analyses 

revealed that PPT values of the thumbnail, PPT values of the lower back, and CPM values of 

the thumbnail were significantly lower in FM positive CLBP than FM negative CLBP (p = 

0.011, p = 0.003, and p = 0.002 respectively), while CPM values of the lower back between 

FM positive CLBP and FM negative CLBP were not statistically different (p = 0.141). All of 

these values were also significantly lower in FM positive CLBP than healthy controls (p < 

0.01).

The differences between FM positive CLBP and FM negative CLBP groups regarding the 

degree of CS and function, and psychosocial symptoms are shown in Table 3. FM positive 

CLBP showed poorer function (p = 0.002) and more severe pain catastrophizing thoughts (p 
=0.033), and more anxiety (p < 0.001) and depression (p < 0.01) symptoms compared to the 

FM negative CLBP scores. For the degree of fear avoidance belief, both groups were not 

significantly different.

The 2011 FM scores were significantly correlated with BMI (r = 0.315; p= 0.033) and 

average pain intensity (r = 0.403; p < 0.01) but not with duration of pain (r = 0.243, p = 

0.103). The correlation analysis results between the 2011 FM scores and QST are shown in 

Figure 3 and between the 2011 FM scores and self-reported questionnaires are shown in 

Figure 4. All variables were significantly correlated to 2011 FM scores except CPM values 

on lower back (r = −0.237 p = 0.113). The FM scores were also significantly correlated with 

all self-reported questionnaires with the correlation coefficients ranging from r=0.298 to 

0.600. Among those significant correlations, high correlation coefficients (with moderate to 

strong strength) were found with ODI and BAI (Figure 4).

Discussion

To the best of our knowledge, this was the first study to use the 2011 FM survey to identify a 

subgroup of individuals with CLBP patients who appeared to have symptoms and QST 

findings indicative of CS. Both the PPT and CPM tests suggested significant widespread 

hyperalgesia and dysfunction of the descending inhibitory pathways in FM positive CLBP 

participants when compared to the FM negative CLBP participants: these are key features of 
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CS [15, 20, 21, 24, 25]. Secondly, FM positive CLBP participants showed significantly 

poorer function and more severe symptoms of pain catastrophizing thoughts, anxiety, and 

depression, compared to their counterparts with FM negative CLBP scores. Thirdly, the FM 

scores were significantly correlated with QST values, and psychosocial outcome measures. 

These findings strongly suggest a subgroup of patients within the CLBP population that 

prominently presents with an underlying pain mechanism of CS.

Central Sensitization in a Subgroup of Chronic Low Back Pain

We showed a decrease in the PPT values at the local (in the lumbar spine) and remote (in 

dominant thumbnail) sites in FM positive CLBP participants when compared to FM negative 

CLBP participants and healthy controls whose age, gender and BMI were not statistically 

different from the CLBP participants. These results suggest both primary (lower back 

region) and secondary (thumbnail) hyperalgesia in this subgroup. We also demonstrated less 

CPM values in FM positive CLBP participants compared to FM negative CLBP participants, 

suggesting dysfunction in the descending inhibitory mechanisms. Numerous previous 

studies have shown significant widespread hyperalgesia and dysfunction of the descending 

inhibitory pathways in several chronic pain conditions including CLBP [34, 35, 38, 55], FM 

[85–87], osteoarthritis [40], and chronic tension-type headache [81]. However previous 

studies compared the patient population with healthy controls only, whereas in the present 

study we compared CS symptoms within the CLBP patients using the FM survey cutoff 

scores.

The PPT values of the lower back in response to the conditioning painful stimulus did not 

differ significantly between the FM positive and FM negative CLBP subgroups (p = 0.141). 

This may be due to the relatively small sample size in the present study or difference in 

CPM test paradigms compared to a previous study that included a larger sample size and 

tested conditioned pain inhibition in response to a cold pressor [38]. Another possibility is 

that the FM positive CLBP participants are likely to have an on-going peripheral source of 

pain (peripheral sensitization) that may be overriding their descending endogenous 

inhibition and thus influencing their pain sensitivity of the lower back in response to the 

conditioning painful stimulus [20–22, 26]. Therefore, the lower back region as a local site 

may not be sensitive enough to test descending inhibitory pathways in CLBP. This warrants 

future studies.

One of the strengths of the present study is that we included both the 2011 FM survey and 

QST to comprehensively identify the presence of CS in CLBP while a majority of the 

previous studies included the 2011 FM survey or QST alone as the main CS related outcome 

measure(s) [34, 35, 38, 53–55]. The most similar study was conducted by Neville et al., in 

which both the 2011 FM survey and QST were included to examine the associations 

between the 2011 FM scores and results of QST in patients with knee osteoarthritis [88]. 

However, they did not use the FM scores as a dichotomous variable to categorize FM 

positive subgroup but rather used the FM scores as a continuous variable to examine 

associations with QST. In the present study, we used FM scores as a dichotomous variable to 

identify the presence of CS and as a continuous variable to examine association between CS, 

QST and other self-reported measures. Addition of QST tests validated the FM scores and 
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provided valid and rigorous evidence regarding the clinical presence of CS within the CLBP 

population.

Psychosocial Symptoms

Our results show that clinical presentations of the subgroups are clearly different, based on 

all self-reported measures used in the present study. FM positive CLBP participants had 

poorer function and more severe pain catastrophizing thoughts, and greater anxiety and 

depression symptoms as compared to FM negative CLBP participants. In fact, the FM 

negative subgroup presented with normal to minimal levels of symptom while the FM 

positive subgroup presented with a moderate level of symptoms for most of the clinical 

outcomes. These findings are consistent with previous studies [54, 88, 89] and the current 

neuroscience literature [16, 17, 20, 24, 29]. For example, Huysmans et al. found associations 

between CS and function, pain catastrophizing, and fear avoidance behavior in CLBP [52, 

89]. Theoretically, neuroplastic changes originated from the nociceptive pathways eventually 

diffuse and expand to various brain regions, including the insular cortex, cingulate cortex, 

prefrontal cortex, and the limbic system [15, 16, 20–22, 26, 30, 31], and can attribute to 

these psychosocial symptoms [15, 16, 20–22, 26, 30, 31]. Furthermore, these symptoms, 

especially pain catastrophizing thoughts, fear avoidance belief, anxiety, and depression, can 

also enhance forebrain activity[16, 90–92], leading to enhancement of central excitability 

(i.e., cognitive-emotional sensitization) [16, 90–92]. However, the cause and effect 

relationship between these symptoms and development, augmentation, or maintenance of CS 

has not been established yet; the relationship might be bidirectional [15, 16, 19, 20, 54, 90–

93].

Interestingly, the present study did not show a significant difference between the CLBP 

subgroups with fear avoidance behavior, even though some scientific theories suggest fear 

avoidance belief is one of the main factors contributing to the chronicity of pain and 

potentially to CS [17, 20, 25, 65, 94]. This might be explained by the fact that 

neuropathological mechanisms of CS are multifactorial involving genetic, neurological and 

biopsychosocial parameters and the degree of each parameter’s contribution toward CS has 

not been fully investigated in the CLBP population [15–17, 20, 21, 26].

Associations between the 2011 FM scores and clinical outcomes

The clinical significance of the FM scores was further examined with the correlations with 

QST and self-reported questionnaires. The present study showed significant associations 

between the FM scores and the QST values and between the FM scores and self-reported 

questionnaires. The strength of the correlation was moderate with PPT of the lower back but 

weak with PPT values of the thumbnail, suggesting the greater degree of CS causing more 

primary hyperalgesia, especially in local peripheral tissues. The strength of correlation was 

moderate with CPM values of thumbnail but weak with CPM values of the lower back, 

suggesting dysfunction of the descending inhibition and the presence of CS.

These two QST values are strong indicators of the presence of CS, and the present study 

suggested the FM scores are associated with the degree of local and widespread 

hyperalgesia, and functionality of the descending inhibitory pathways. These results add a 
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convergent validity for the 2011 FM scores in identifying a subgroup with CS in the CLBP 

population and consideration of use of the FM survey in clinical practice. Neville et al. also 

demonstrated significant but weak associations between the FM scores and PPT values of 

the thumbnail in patients with knee osteoarthritis [88]. However, they did not find significant 

associations between the FM scores and CPM values using a thumb pressure as their 

conditioning painful stimulus whereas we used a cuff pressure on the upper arm to induce an 

ischemic pain. Various CPM paradigms might influence the results across the studies. 

Further studies are needed to establish a reliable and valid CPM paradigm which could be 

consistently used to examine the integrity of the descending inhibitory pathways.

The FM scores were also significantly associated with all self-reported questionnaires 

related to function, pain catastrophizing thoughts, fear avoidance behavior, anxiety and 

depression. The strength of the correlation coefficients ranged between weak to strong; FM 

scores were strongly correlated with function, moderately correlated with anxiety but weakly 

correlated with pain catastrophizing thoughts and fear avoidance beliefs. These findings are 

also consistent with previous studies where FM scores were significantly associated with 

function, pain catastrophizing thoughts, anxiety, and depression in patients with spine 

pain[54] and knee osteoarthritis [52]. Taken together, these results support that the 2011 FM 

survey may be utilized as a simple clinical tool to identify a subgroup of CLBP patients with 

CS and the degree severity of clinical symptoms related to CS.

Clinical Application

CLBP is a heterogeneous population with various causes of pain, even though the general 

diagnosis is often given as non-specific CLBP [8, 9, 15, 23–25]. Emerging evidence suggests 

that CS is one of the major underlying mechanisms for a certain subset of CLBP patients 

[15–17, 20, 21, 24]. Our study provides further evidence and adds to the current knowledge 

about CS in CLBP. This can, in part, explain the high failure rate of current interventions for 

CLBP that only target the peripheral issues[95, 96] and the current high prevalence of CLBP 

[97]. Presence and assessment of CS with simple and valid tools should be considered in 

clinical practice to improve clinical examinations and to determine interventions targeting 

the central nervous system for the subgroup that presents with CS symptoms.

To identify the presence of CS in CLBP patients in clinical settings, the 2011 FM survey 

may be helpful as the present study demonstrated significant associations with the FM 

scores and the QST values that are valid, reliable and objective measures of CS. 

Psychosocial symptoms such as pain catastrophizing thoughts, anxiety and depression 

should also be considered as they are also associated with CS. Classifying the subgroup of 

CS in CLBP patients could lead to targeted and mechanistic-based interventions, which 

would likely improve outcomes for these patients. Targeted interventions for CS such as 

centrally acting analgesics such as serotonin-norepinephrine reuptake inhibitors [98], 

cognitive behavioral therapy [99], and aerobic exercises[100–102] have shown some 

promising results.
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Limitations

Our study was limited to a cross-section design and thus, we cannot comment whether CS is 

a substrate or a consequence of low back pain. The study design did not separate the 

involvement of or the contribution of local back tissue pathologies toward CS. These patients 

may have peripheral sensitization, adding to their widespread pain, alerting pain threshold, 

and causing manifestations of psychosocial symptoms. Secondly, our sample size might be 

relatively small even though our study was powered for PPT values in the thumbnail (a 

statistical power of 0.80, α = 0.05), which is a key outcome measure of CS. However, we 

considered clinical significances and correlation strengths to guide readers about the 

magnitude of CS to account for our small sample size. A future study with a larger sample 

size should be considered to validate the present findings. Thirdly, even though the FM 

survey and QST are valid and reliable outcome measures for identifying the presence of CS, 

advance neuroimaging methods such as proton magnetic resonance spectroscopy that can 

measure metabolic concentration of some key biomarkers of CS (e,g,, glutamate and 

gamma-aminobutyric acid (GABA) [47, 103]) or functional magnetic resonance imaging 

(fMRI) that can measure neural activity in brain regions [34] might provide us with stronger 

evidence for presence of CS. Lastly, approximately 70% of the participants were female in 

the present study and therefore the results may be different if we had an even number of 

female and male participants. However, the results may still be acceptable given that chronic 

pain including CLBP is more common in females than males [104, 105].

Conclusion

The results of the present study identified 48% of CLBP participants with CS using the 2011 

FM survey. PPT and CPM tests showed significant widespread hyperalgesia and dysfunction 

of the descending inhibitory pathways in FM positive CLBP participants compared to the 

FM negative CLBP participants. Furthermore, our results demonstrated the FM positive 

CLBP participants showed significantly poorer functional level and more severe pain 

catastrophizing thoughts, anxiety, and depression than FM negative CLBP participants. 

These findings strongly confirm that there is a subgroup of patients who present with CS as 

the predominant underlying pain mechanism in the CLBP population. The results suggest 

that CLBP patients should be assessed based on their underlying causes rather than 

diagnosis in clinical practice. Additionally, the 2011 FM scores were significantly associated 

with the PPT and CPM values, function, and psychosocial symptoms, suggesting that the 

2011 FM survey could be used clinically for identifying the presence of CS in the CLBP 

population.
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Figure 1. 
PPT values on the thumbnail (A) and lower back (B): PPT values between FM positive 

CLBP, FM negative CLBP and healthy controls
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Figure 2: 
CPM values on the thumbnail (A) and lower back (B): CPM values between FM positive 

CLBP, FM negative CLBP and healthy controls
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Figure 3: 
Pearson’s r Correlations Between the 2011 FM scores and QST: Correlation figures of each 

QST value for the 2011 FM scores
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Figure 4: 
Pearson’s r Correlations Between the 2011 FM scores and Self-reported Measures: 

Correlation figures of each psychosocial symptom for the 2011 FM scores
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Table1:

Participant characteristics

HC (n = 22) Mean ± 
SD

FM negative (n = 24) 
Mean ± SD

FM positive (n = 22) 
Mean ± SD P value (t test)

! P value 
(ANOVA)

Age (years) 41.15 ± 8.830 42.38 ± 12.37 43.95 ± 14.00 0.687 0.788

Gender (% Female) 68% 63% 77% 0.277 0.552

BMI 28.35 ± 8.10 28.76 ± 6.20 31.34 ± 6.13 0.163 0.296

Race   0.576 0.316

White 68.00% 66.70% 72.70%  

Black 5% 16.70% 13.70%  

Asian 18.00% 4.20% 0.00%  

More than one race 9.00% 0.00% 4.55%  

Other 0.00% 0.00% 4.55%  

Pain average (NRS) ----------- 4.13 ± 1.12 5.27 ± 1.49 < 0.01*

Pain duration (months) ----------- 75.04 ± 104.87 135.09 ± 171.12 0.155

number of pain 
locations ----------- 4.50 ± 1.79 9.77 ± 3.84 < 0.001*

Opioid use (%Yes) ----------- 0% 36% < 0.001*

FM: Fibromyalgia

HC: Healthy controls

BMI: Body mass index, NRS: Numeric rating scale

!:
Comparisons of FM negative CLBP participants and FM negative CLBP participants
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Table2:

PPT and CPM values

HC (n = 22) FM negative (n = 24) FM positive (n = 22)

Mean ± SD Mean ± SD Mean ± SD P value

PPT Thumbnail (Kg/cm2) 6.21 ± 1.83 6.30 ± 3.16 4.17 ± 2.12 < 0.01*

PPT lower back (Kg/cm2) 6.82 ± 3.10 5.80 ± 3.46 3.14 ± 2.04 < 0.001*

CPM thumbnail (Kg/cm2) 1.79 ± 0.84 1.51 ± 1.13 0.49 ± 0.94 < 0.001*

CPM lower back (Kg/cm2) 2.42 ± 1.59 1.72 ± 1.11 1.05 ± 0.73 < 0.001*

FM: Fibromyalgia

PPT: Pressure pain threshold values

CPM: Conditioned pain modulation values
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Table 3:

Degree of CS, function, and psychosocial symptoms of FM positive CLBP and FM negative CLBP scores

FM negative (n = 24) FM positive (n = 22)

Mean ± SD Mean ± SD P value

2011FM survey 8.25 ± 2.63 17.14 ± 4.04 < 0.001*

ODI (%) 19.24 ± 10.40 30.24 ± 12.74 < 0.01*

PCS 12.33 ± 11.43 20.73 ± 14.39 0.033*

FABQp 11.58 ± 4.84 13.52 ± 7.16 0.301

FABQw 10.33 ± 10.74 15.50 ± 12.86 0.145

BAI 7.50 ± 6.14 21.59 ± 13.61 < 0.001*

BDI 8.33 ± 5.56 15.27 ± 8.81 < 0.01*

ODI: Oswestry Disability Index, PCS: Pain Catastrophizing scale, FABQp: Fear avoidance belief questionnaire, physical activity subscale, 
FABQw: Fear avoidance belief questionnaire, work subscale, BAI: Beck anxiety inventory, BDI: Beck depression index
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