
1 

 

 

 

 

 

Quantitative Sensory Tests Predict Clinical Pain Intensity in Patients with Chronic 

Musculoskeletal Pain Syndromes  

Keywords: Fibromyalgia, Quantitative Sensory Testing, Chronic Pain, Pain 

 

 

 

 

 

 

 

 

 

 

Meriem Mokhtech 
UFID  
Meriem@ufl.edu 

Research Advisor: Roland Staud, MD 
Department of Medicine 

  

Redacted



2 

Abstract 

Patients with chronic musculoskeletal pain syndromes have a number of abnormalities in 

pain processing, such as hyperalgesia, allodynia, and central sensitization. These processes all 

play a crucial role in the generation of clinical pain and thus led us to hypothesize that 

quantitative sensory testing (QST) of chronic pain patients could be used to predict clinical pain 

intensity. Using an electronic algometer, mechanical hyperalgesia testing was performed on the 

shoulders and hands of 23 normal control (NC), and 36 fibromyalgia syndrome (FMS) 

participants. An electronic visual analogue scale (eVAS) was displayed on a 19-inch monitor in 

front of the participant and was used by the subjects to rate their experimental pain during the 

testing. The testing consisted of 10 second mechanical stimuli between 200 - 400 kPa, which 

were applied to the shoulders and the hands, bilaterally. In addition, a tender point (TP) 

assessment was conducted on all participants. The clinical pain of FMS patients averaged at 2.9 

VAS units. Ratings of mechanical stimuli at the shoulders and hands were significantly greater 

for FMS than NC subjects. NC participants had an average of 3.4 TPs and FMS participants had 

an average of 15.8 TPs. Hierarchical regressions of pressure pain ratings, TP counts, and 

negative affect predicted approximately 50% of the variance in clinical pain intensity. Thus this 

combination of tests may be used in clinical practice for FMS and numerous other pain 

syndromes.  
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Introduction 

Fibromyalgia syndrome (FMS) is a condition characterized by chronic widespread 

musculoskeletal pain that appears to be related to deep tissue structures and is most commonly 

described as dull and aching. Individuals with FMS also experience fatigue, sleep disturbances, 

and some psychological symptoms (Henriksson, 1994). Patients that report such symptoms are 

estimated to comprise approximately 2% of the general population (Wolfe et al., 1995). The 

classification of FMS previously depended upon the 1990 American College of Rheumatology 

(ACR) criteria, which centered primarily on a tender point (TP) assessment (Wolfe et al., 1990). 

In 2010, the ACR revised this diagnostic criteria to be based on the number of painful body 

regions, the presence and severity of fatigue, cognitive difficulty, and the extent of somatic 

symptoms (Wolfe et al., 2010). While the cause of FMS is still unclear, it is thought to be a result 

of abnormal functioning of the central nervous system. In better understanding the underlying 

mechanisms of chronic pain syndromes, it is hoped that better diagnosis and treatment methods 

can be developed for FMS and other chronic pain conditions. 

A number of studies have shown that individuals with FMS have abnormalities in pain 

processing, including increased central sensitization which results in hyperalgesia and 

enlargement of receptive fields (Staud et al., 2001; Berglund et al., 2002; Granot et al., 2001; 

Lorenz et al. 1996; Lautenbacher et al., 1997). This in turn suggests that central sensitization of 

afferent nociceptive pathways is an important contributor to the sensory abnormalities of patients 

with FMS (Yunus, 1992). 

Central sensitization is the process by which neurons become more likely to fire in 

response to a given noxious stimulus. The enhancement in neuronal functioning is a result of 

increases in membrane excitability and synaptic efficacy, and a reduction in inhibition. This 
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results in allodynia, pain due to a stimulus that normally does not provoke pain, and 

hyperalgesia, an increased response to a stimulus that is normally painful (Latremoliere et al., 

2007). Since much of the temporal, spatial, and threshold changes in chronic pain patients can be 

attributed to central sensitization, it is clear that the central nervous system (CNS) plays a key 

role in the mechanism of pain hypersensitivity. However, peripheral impulse inputs have been 

shown to contribute to maintaining central sensitization in individuals with FMS (Staud et al., 

2009).  

Somatic hyperalgesia is a common symptom of FMS. The presence of mechanical and 

heat hyperalgesia in FMS patients has been shown numerous times (Staud et al., 2007; Staud et 

al., 2008), and there is building evidence to show that both peripheral and central pain 

mechanisms play a role in the hyperalgesia that FMS patients experience. When the neuronal 

mechanisms of this hyperalgesia were analyzed, it was suggested that the pain of FMS patients is 

connected to extensive primary and secondary cutaneous hyperalgesia, which are in turn 

supported by impulses from deep tissues (Staud, 2010). Physiological and physical stress are 

both initiating factors that are linked to hyperalgesia in individuals with FMS (Neumann et al., 

2003). When the hyperalgesia of FMS patients has been established, it can be maintained with 

relatively few tonic impulses (Staud, 2010). 

Additionally, the majority of the pain reported by FMS patients appears to stem from 

deep tissue structures, more specifically from muscles. When the effects of peripheral impulses 

were studied further to determine their contribution to the chronic pain of FMS patients, it was 

found that after TP injections of 1% lidocaine, local muscle hyperalgesia and remote heat 

hyperalgesia were significantly reduced (Staud et al., 2009). This emphasizes the role of 

peripheral inputs in maintaining central sensitization in FMS patients (Staud, 2010).  
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Patients with FMS also exhibit tenderness, or increased sensitivity, to mechanical 

stimulation, most notably in deep tissues (Simms et al., 1988). Pressure algometry is typically 

employed to measure tenderness in FMS patients and there is evidence to show that FMS 

patients have lower thresholds for pressure pain than NCs (Lautenschlager et al., 1988). This 

muscle tenderness often manifests itself in the form of allodynia and can be measured by a TP 

assessment. As defined by the ACR, there are 18 TPs in the body (Wolfe et al., 1990). However, 

TP counts have not been shown to reliably predict clinical pain, rather they are more strongly 

linked to specific negative psychological components (Wolfe, 1997). There also appears to be a 

correlation between TP counts and disability in individuals with FMS (Croft et al., 1994a). 

Furthermore, clinical pain has been strongly associated with negative affect (Keefe et al., 1986).  

The various pain processing abnormalities of patients with FMS, including mechanical 

and thermal hyperalgesia and allodynia, as well as central sensitization led us to hypothesize that 

sensory testing of hyperalgesia and allodynia would be useful in predicting clinical pain in FMS 

patients. Alternatively, since chronic widespread musculoskeletal pain appears to be related to 

deep tissue structures, we decided to test whether muscle stimulation is related to the pain of 

individuals with FMS.  
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Methods 

The University of Florida Institutional Review Board approved the procedures and 

protocol for this study. Informed consent was obtained from all subjects and the study protocol 

conformed to the ethical guidelines of the 1975 Declaration of Helsinki.  

Study Subjects 

Subjects were recruited from Gainesville and the surrounding areas. Before testing, an 

examination was conducted and subjects were excluded from the study if they had abnormal 

clinical findings unrelated to FMS or were unable to reliably rate pain. A history of diabetes, 

radiation therapy, or numbness in the extremities were all exclusionary criteria. All subjects were 

required to follow strict medication guidelines. No analgesics, non-steroidal anti-inflammatory 

drugs (NSAID), benzodiazepines, or antihistamines were allowed, and only low dose 

SSRI/SNRI/TCAs were permitted. All subjects must have been on acceptable medications for at 

least 5 half-lives prior to study.  

Negative Affect Questionnaires 

The study consists of three parts: questionnaires, a TP assessment, and quantitative 

sensory testing (QST). Participants first signed an Informed Consent Form and were informed of 

HIPAA protocol. Next, participants completed a medical history sheet, a revised life orientation 

test (LOT-R), a fear of pain questionnaire (FPQ-III), a Pittsburgh sleep quality index (PSQI), a 

pain catastrophizing scale (PCS), a Beck’s depression inventory (BDI-II), a state-trait anxiety 

inventory (STAI and STAII), and a medical college of Virginia (MCV) pain questionnaire. 

Tender Point Assessments 

After consenting, a TP assessment was performed according to the 1990 ACR criteria.  

Nine paired TPs and two control points, at the center of the nondominant forearm and thumbnail, 
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were assessed using an algometer that was increased at a rate of 1kg/sec up to a maximum of 

4kg. The algometer had a rubber tip with a 1 cm diameter. Each subject was instructed to report 

when the sensation at the examination site changed from pressure to pain, at which point 

pressure testing was stopped. If pain was reported at <4kg, the result was recorded as positive.   

Ratings of Clinical and Experimental Pain 

 For the QST, both a mechanical and electronic visual analogue scale (VAS) were 

employed to measure pain ratings. The mechanical VAS is a 10 cm long slide scale, with a range 

from 0-10 and was anchored on the left with “no pain at all” and on the right with “the most 

intense pain sensation imaginable.” Before the sensory testing took place, initial clinical pain 

ratings were recorded using a mechanical VAS, where participants were asked to rate their 

current pain intensity and pain unpleasantness. The subjects were then asked to rate their clinical 

pain intensity using an electronic VAS (eVAS) displayed on a monitor in front of them, which 

ranged from 0-100 and was anchored with the same labels as the mechanical VAS. The eVAS 

was controlled through an intuitive dial that allows for the recording of continuous ratings. Upon 

completion of QST, subjects were asked to rate their pain sensation and unpleasantness in their 

entire body using the VAS and then again on the eVAS. 

Quantitative Sensory Testing 

 Mechanical testing was performed bilaterally on the trapezius TP as well as the hegu 

region of the hand. The hegu regions were marked with a pen to ensure precision in all tests. 

Participants were first asked to rate any pain that they were experiencing, in the specific area 

being tested, on the eVAS. Once local pain was rated, the scale was brought back to a 0 rating, 

and increasing pressure was applied to that location with an algometer for a duration of 6 

seconds. After 6 seconds, the target pressure was held constant for an additional 4 seconds. Two 
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target pressures were used: 200kPa (33.33kPa/sec), and 400kPa (66.67kPa/sec), for FMS 

participants and NC subjects. The participant was instructed to continuously rate the pain 

sensation they were feeling in the area being tested for the duration of the pressure testing using 

the eVAS. The participants were told that if at any point the pain sensation became unbearable, 

they could withdraw from the stimulus. After the 10 seconds of applied pressure, the algometer 

was removed and the participant was instructed to keep rating the pain sensation in that area, 

whether it went up, down, or stayed the same, for a maximum of 60 seconds. This sequence was 

repeated three times on each shoulder and each hand.  

Data Analysis 

 SPSS 11.0 software (SPSS, Inc., Chicago, IL) was used to perform statistical analyses. A 

hierarchical regression analysis was employed to analyze the relationship between clinical pain, 

QST, TP counts, and negative affect.  
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Results 

Study Participants 

A total of eighty-three subjects were recruited from Gainesville and the surrounding areas 

and enrolled in this study. The study population consisted of 23 NC participants, and 36 FMS 

subjects. The mean age (SD) of study participants was 42.3 (13.6) and 47.6 (12.8) for NC and 

FMS subjects respectively.  An independent t-test demonstrated no significant effect of 

diagnostic group (p > .05).  Average number of TPs (SD) was 3.4 (3.5) for NC and 15.8 (3.5) for 

FM subjects. An independent t-test showed a significant difference between groups (p < .001).  

Clinical Pain Ratings  

Overall clinical pain of NC was minimal (2.0 VAS units on 100 point scale), whereas FM 

subjects rated their average (SD) pain as 47 (25) VAS units. An independent t-test showed a 

significant difference between groups (p < .001). 

Ratings of Mechanical Pain Stimuli  

Shoulder Stimuli  

All subjects received three 200 kPa pressure stimuli to each shoulder. Mean (SD) peak 

eVAS ratings of 200 kPa pressure stimuli by NC and FM subjects are listed in Table 1. An 

independent t-test demonstrated a significantly higher experimental pain ratings of FM subjects 

than NC (p < .001) (Figure 1). Because 400 kPa stimuli at the shoulders and hands did not 

provide fundamentally different predictors of clinical pain intensity than 200 kPA stimuli only 

the analyses of 200 kPA stimuli are reported here. 

Hand Stimuli 

The experimental pressure pain protocol was repeated at the hands (dorsal webspace 

between 1st and 2nd finger) of all study subjects. The average (SD) peak eVAS ratings of NC and 
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FMS subjects for 200 kPa at the hand are listed in Table 1.  An independent t-test demonstrated 

significantly higher experimental pain ratings of FM than NC subjects (p < .001) (Figure 1).   

These findings demonstrate that mechanical hyperalgesia is widespread in FMS subjects 

and can be used to detect significant group differences between all study subjects, including NC. 

Predicting Clinical Pain Intensity Using Pressure Stimuli 

Several hierarchical regression analyses were used to determine whether pressure pain 

ratings can predict clinical pain intensity in FMS subjects. Because previous work with FMS 

subjects has demonstrated significant contributions of TP and negative affect to clinical pain, we 

decided a-priori to include TP count and BDI-II scores in our model.  To decrease the number of 

comparisons and thus spurious findings, multiple other factors were omitted from this analysis 

because we had no strong a-priori hypotheses for their inclusion. 

Using Pressure Pain Ratings at the Shoulders 

A hierarchical regression analysis was performed using clinical pain intensity VAS 

ratings as the predicted variable. Shoulder pressure pain sensitivity at 200 kPa was entered as 

predictor variable in the first block, followed by TP count and BDI-II scores entered in separate 

blocks. The results of the regression indicated that 45.3 % of the variance in clinical pain scores 

was predicted by pressure sensitivity of FMS subjects (Table 2).  Besides pressure pain ratings, 

neither TP count nor BDI-II scores contributed significantly to the pain variance in FM subjects. 

Overall, 50.0 % of the pain variance of FM subjects was predicted by unique contributions of 

pressure pain ratings at the shoulders, TP count, and BDI-II scores (Table 2).  

Using Pressure Pain Ratings at the Hands 

As before, hierarchical regression analyses were performed using clinical pain intensity 

VAS ratings as the predicted variable. Hand pressure pain sensitivity at 200 kPa, TP count, and 
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BDI-II scores were entered as predictor variables. The results of these regressions indicated that 

32.9% of the variance in clinical pain scores was predicted by pressure sensitivity in FM subjects 

(Table 3).  Besides pressure pain ratings, neither TP count nor BDI-II scores contributed 

significantly to the pain variance in FM subjects. Overall, 46.6 % of the pain variance of FM 

subjects was predicted by unique contributions of pressure pain ratings at the hands, TP count, 

and BDI-II scores (Table 3). 
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Discussion 

 Since the chief complaint of individuals with FMS is muscle pain, we set out to 

investigate whether muscle signaling is involved in chronic pain mechanisms and whether 

stimulation of these muscles can help us predict the clinical pain of an individual with FMS. The 

central finding of this study is that when pressure pain ratings are considered alongside a TP 

count and negative affect, the clinical pain intensity of participants with chronic musculoskeletal 

pain can be predicted with reasonable accuracy. Additionally, these three variables do not 

contribute equally to the calculation of clinical pain intensity. Furthermore, since testing of 

muscles can be used to predict clinical pain intensity, muscle signaling does indeed play a role in 

the mechanism responsible for chronic pain. 

Contribution of Muscle Impulse Input to Fibromyalgia Syndrome 

 Hyperalgesia in FMS patients can result from the sensitization of nociceptors in deep 

tissues (Staud, 2011). It is thought that the specific nociceptors being sensitized include A-delta 

(δ) and C-fibers, both nociceptive afferent fibers that are located in the dense innervations of 

vascular structures of muscles (Mense, 1991). Muscle fibers themselves do not contain any 

evident nociceptors, but stimulation of muscles can cause pain (Henriksson, 1993; Henriksson, 

2003), thus A-delta and C-fibers are the focus of our investigation because they are the closest 

nociceptors to muscle fibers. Since sensitization results from repeated stimulation of a 

nociceptor, inflammatory myopathies, muscle activity, and other factors that cause muscle pain 

can all lead to sensitization of pain receptors (Staud, 2011). Thus, peripheral sensitization that 

leads to irregular inputs from sensitized peripheral tissue receptors may in turn result in the 

mechanical hyperalgesia experienced by FMS patients (Staud, 2011). Psychophysical testing can 

be used to evaluate the underlying pain mechanisms and from our use of QST, we have shown 
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that through stimulation of the muscles, a patient’s clinical pain intensity can be predicted with 

reasonable accuracy. This in turn provides evidence that suggests that abnormal muscle impulse 

inputs contribute to the pain experienced by individuals with FMS.  

QST as a Predictor of Clinical Pain 

 From this study, it can be seen that FMS patients exhibit greater mechanical hyperalgesia 

than their NC counterparts. When examined together, mechanical pain ratings, TPs, and negative 

affect were found to predict up to 50% of the clinical pain in FMS participants. In comparison 

with the other factors measured, QST, in the form of pressure pain ratings, predicted the greatest 

amount of the variance in clinical pain intensity. Thus, mechanical hyperalgesia can be used to 

predict clinical pain in patients with FMS. Ratings of experimental pain and pain-related 

negative effect have been previously shown to predict clinical pain in patients with FMS (Staud 

et al., 2003). However, this current approach offers greater ease in predicting the variability of 

clinical pain in patients with FMS. In the future, QST may be useful for predicting which 

patients will respond positively to a given treatment by identifying which mechanisms are the 

greatest contributors to an individual’s clinical pain.  

Tender Points as Predictors of Clinical Pain 

 TPs were previously used to classify FMS patients (Wolfe et al., 1990). However in 

2010, the ACR revised the diagnostic criteria to exclude TPs (Wolfe et al., 2010). This change 

resulted in part because a high TP count (> 11) does not necessarily mean that a subject will 

report pain, despite the fact that the majority of individuals with widespread chronic pain have 

numerous TPs (Croft et al., 1994a). Furthermore, the measure of TPs has not been found to be a 

strong predictor of the clinical pain intensity of FMS patients (Quimby et al., 1988). Thus, 

mechanical allodynia, measured by TPs, seems to be only one of the factors underlying chronic 
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widespread pain (Staud et al., 2003). Through hierarchical regression analysis, we demonstrated 

that TP counts represent a small but separate factor from mechanical pain stimuli for the 

prediction of clinical pain. TP counts are thought to be associated with spatial summation (Staud 

et al., 2003) and thus, activate a different mechanism than that responsible for mechanical 

hyperalgesia. These two factors seem to make independent contributions to clinical pain 

intensity.  

Negative Affect as a Predictor of Clinical Pain 

 In comparison to the contribution of mechanical hyperalgesia, pain related negative affect 

accounted for a much less significant amount of the variance in clinical pain of FMS patients. 

Similar contributions of negative affect to clinical pain have been shown in a number of other 

studies (Keefe et al., 1986; Gaskin et al., 1992; Geisser et al. 1994; Staud et al., 2003). 

Additionally, several other studies of FMS have displayed a comparable relationship between 

negative mood and pain (Croft et al., 1994b; Lundberg and Gerdle, 2002; Wolfe, 1997). While 

negative affect did not play the largest role in the prediction of clinical pain, it is still an 

important factor and may serve as a target for comprehensive pain therapy (Staud et al., 2003).  

Conclusions 

The model of mechanical hyperalgesia, TP count, and negative affect allows for a strong 

prediction of FMS clinical pain intensity. These factors each contribute to FMS clinical pain and 

they represent the influence of central and peripheral pain mechanisms. Thus, some of these 

factors may represent different mechanisms that interact and contribute to FMS (Staud et al., 

2003). Furthermore, the pain that patients with FMS experience is likely influenced by peripheral 

impulse input from deep tissues. In understanding the contributions of these separate 

mechanisms for chronic pain syndromes, we can get a better idea for what treatments will be 
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most effective in alleviating not only the pain of FMS patients, but also that of other chronic pain 

sufferers.  
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Tables and Figures 

Table 1. Average (SD) Ratings of Pressure Pain at Shoulders and Hands 

 NC FMS 

Shoulders   

200 kPa (peak) 7.1 (11.8) 43.1 (29.4) 

Hands   

200 kPa (peak) 10.9 (13.6) 34.3 (24.4) 

FM = fibromyalgia; NC = normal controls. 

Table 2. Pressure Pain at the Shoulders as Predictor of FM Pain 

Block Variable ΔR2 F Change p 

1 200 kPa Rating  .453 24.83 <.001 

2 TP count .022   1.39 > .05 

3 BDI-II .025   1.21 >.05 

  Beta (standardized) t  

1 200 kPa Rating  .528 3.28 <.003 

 TP count .177 1.18 > .05 

 BDI-II .152 1.02 > .05 

 Final Model: R2 = .500, F= 9.32; p < .001 

Table 3. Pressure Pain at the Hands as Predictor of FMS Pain 

Block Variable ΔR2 F Change p 

1 200 kPa Rating  .329 14.72 <.005 

2 TP count .074 3.60 > .05 

3 BDI-II .062 3.26 >.05 

  Beta (standardized) t  

1 200 kPa Rating  0.429 2.87 <.01 

 TP count 0.239 1.59 > .05 

 BDI-II 0.262 1.81 > .05 

 Final Model: R2 = .466, F= 8.13; p < .001 
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Figure 1. Shoulder and hand pain ratings of all subjects during pressure stimuli. Experimental 

pressure stimuli were applied to the middle of the shoulders (trapezius muscle) or to the space 

between the first two fingers using an electronic algometer. After 10 seconds of 200 kPa 

pressure, pain ratings of FM subjects were significantly higher than NC. Similar results were 

found at the hands. FM = fibromyalgia; NC = normal controls. 

 




