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Abstract

Objective: This review outlines the most commonly used quantitative sensory tests to identify 

pain sensitization. We examine cross-sectional associations between quantitative sensory testing 

(QST) measures and OA symptoms and severity, along with longitudinal associations between 

QST findings and response to surgical and non-surgical treatments for OA.

Design: We conducted a search in PubMed for English language papers including ‘osteoarthritis’ 

and ‘quantitative sensory testing’ as search terms. Papers that did not pertain specifically to OA or 

QST were excluded.

Results: Pain Pressure Threshold (PPT), Conditioned Pain Modulation (CPM), and Temporal 

Summation (TS) are the QST measures used most frequently to identify pain sensitization. 

Findings indicate that persons with knee OA often exhibit lower PPT thresholds, inefficient 

CPM, and facilitated TS as compared with controls who do not have OA, supporting the 

discriminant validity of QST. Pre-treatment QST has shown some success in identifying persons 

who experience less pain relief from surgical and non-surgical treatments for knee OA. Post-

treatment QST has shown that sometimes PPT and CPM can normalize (PPT thresholds increase, 

and CPM becomes efficient) in patients for whom joint replacement is successful. Recent studies 
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indicate that QST measures are more closely associated with pain severity than OA radiographic 

severity, suggesting that sensitization may be a trait rather than a state.

Conclusions: QST may have a role in identifying persons who are susceptible to chronic pain 

and may offer an opportunity for personalized, more effective treatment of OA.
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I. Introduction

Burden of chronic pain and role of central sensitization

Chronic pain affects over 100 million American adults.1 Osteoarthritis (OA) affects ~ 

54 million individuals in the US and over 240 million worldwide, making it among 

the most common sources of chronic pain.2–5 As none of the currently available OA 

treatments reverse or delay the progression of joint damage, OA treatment often focuses 

on pain management and functional restoration. Recommended treatments include weight 

loss, exercise, physical therapy, NSAIDs, corticosteroid and other injections, adjunctive 

medications, and—for end-stage OA—total joint replacement.6, 7

Radiographic severity and pain levels are often discrepant in patients with OA, suggesting 

that processes other than joint damage play a role in the development and persistence of 

chronic pain; one such process is pain sensitization.8 The International Association for the 

Study of Pain defines sensitization as an “increased responsiveness of nociceptive neurons to 

their normal input, and/or recruitment of a response to normally subthreshold inputs. [This] 

can include a drop in threshold and an increase in suprathreshold response.”9 Accumulating 

evidence suggests pain sensitization is a key contributor to chronic pain in OA.10–15

A better understanding of the contribution of pain sensitization to the chronic pain 

experience in OA could lead to more personalized treatment. Identifying pain mechanisms 

(e.g., relative contributions of tissue damage and pain sensitization) would help identify 

individuals likely to respond to therapies targeted at the joint, or, alternatively, towards the 

peripheral and/or central nervous system.16

Objectives of this review

This review focuses on associations between measures of pain sensitization and key patient-

centered manifestations of OA including joint pain and stiffness. We begin by outlining 

the most frequently used techniques for assessing pain sensitization. We then review cross-

sectional associations between these sensitization measures and OA case status and between 

these measures and the severity of OA symptoms and joint damage. Finally we review 

evidence of longitudinal associations between measures of pain sensitization and response to 

OA therapy.

We assembled evidence for these cross-sectional and longitudinal associations by searching 

PubMed along with bibliographies of papers identified in the search. We sought English 

language papers with search terms suggesting they addressed both OA and quantitative 
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sensory testing (QST). We reviewed titles and abstracts of all identified papers. Papers were 

excluded if they did not pertain specifically to OA or if there was no mention of QST.

Assessment of central sensitization

QST refers to a series of psychophysical techniques that quantify somatosensory function 

in experimental settings.1 Unlike other techniques that assess nerve dysfunction, such as 

electromyography, QST targets the small sensory fibers that comprise much of the peripheral 

nervous system, along with pathways that transmit pain information to and from the central 

nervous system.17 QST also allows for the detection and quantification of both heightened 

and diminished sensations.1, 17 QST is an umbrella term that comprises a number of 

tests, each of which examines a different putative mechanism. Different stimuli can be 

used for sensory testing, including thermal, mechanical, electrical, and vibratory sensory 

thresholds.18 We describe these tests below.

Static Tests

QST consists of static and dynamic tests, with static tests determining pain thresholds by 

comparing the objective intensity of a stimulus to the pain experienced by the participant 

when exposed to the stimulus. Pressure Pain Threshold (PPT) uses a mechanical stimulus 

to identify the point at which a stimulus-induced sensation of pressure first transitions to 

one of pain. Often, this test is performed by applying pressure using an algometer to sites 

both near to and distant from the site where subjects experience pain. PPT can be measured 

reliably with an algometer in people with knee OA, and is sensitive enough to detect changes 

in response to physical therapy intervention.19–22 Several studies suggest PPT to be the most 

reliable QST measure.10, 19, 21, 23 When testing the reproducibility of many sites around 

the knee 5–10 days apart, Wessel reported intraclass correlation coefficients (ICCs) ranging 

from 0.58 to 0.91.21 Dua and Neogi found similar results, with Dua reporting ICCs between 

0.70 and 0.96 between initial and repeat testing23 and Neogi reporting a fourteen-day 

test-retest ICC between 0.85 and 0.90.24

Other static quantitative sensory tests include vibration perception threshold (VPT), which 

is a function of the posterior columns. Clinically, loss of vibration sense—in addition to 

loss of sensitivity to cold or light touch—can be used to assess for presence of peripheral 

neuropathy. Higher VPT, meaning a higher vibration frequency is necessary for detection, 

reflects poorer vibratory sensation.25 While VPT is commonly used in persons with Type 

1 diabetes, this test has also been used to examine subjects with hip and knee OA.26, 27 

Shakoor et al. reported that individuals with symptomatic, radiographic knee OA displayed 

increased VPTs at five different sites on the lower extremity.26 In a similar study, persons 

with symptomatic, radiographic hip OA exhibited decreased levels of sensation at sites on 

lower and upper extremities.27 Conversely, Dua et al. found increased sensitivity to vibratory 

stimuli (i.e., lower VPT) to be associated with greater levels of sensitization (lower PPT 

values) and the presence of allodynia.23 While further research is necessary, these studies 

suggest that high VPT may signal sensory loss and low VPT may be associated with 

sensitization in persons with OA.
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Dynamic Tests

Dynamic QSTs are used to investigate central processing of painful sensations by assessing 

an individual’s response to multiple stimuli provided either concomitantly or in series.28 

One of the two most commonly performed dynamic QSTs is temporal summation (TS), 

which is used to evaluate central pain sensitization and is interpreted as reflecting ascending 

facilitation of nociceptive signaling.28 TS is analogous to windup phenomenon in animals, 

characterized by a heightened sensitivity to pain even in areas unrelated to the original site 

of repeated painful stimulus.29 To test for TS, the examiner applies a non-noxious stimulus 

of uniform intensity serially over time (e.g., tapping an anatomic site with a minimally 

painful stimulus ten times consecutively). If the subject perceives increasing levels of pain 

from the first to the tenth stimulus, they are said to exhibit TS.30 Among people with knee 

OA, those with greater pain intensity and a longer duration of symptoms exhibit greater TS 

as compared to individuals with less pain and shorter duration of symptoms.30

A second dynamic QST is conditioned pain modulation (CPM), which evaluates endogenous 

descending inhibitory modulation. CPM assesses whether the perception of pain at an 

index site is diminished by a painful stimulus at a distant site, reflecting the concept 

of “pain inhibiting pain”. To assess CPM, a test stimulus is first assessed. A noxious 

conditioning stimulus is then applied at a distant, contralateral site, and the initial test 

stimulus is reassessed. When CPM functions adequately, the second test stimulus results 

in a higher pain threshold (i.e., less pain sensitivity) than the first test stimulus.1 When 

CPM is inefficient, the individual does not demonstrate a higher pain threshold despite the 

presence of a distant painful stimulus. For example, PPT may be assessed at the wrist or 

other non-involved site (e.g., trapezius) before and after a painful stimulus (e.g., ischemic 

pain or cold immersion) is applied to the contralateral upper extremity. Normally the pain 

threshold observed after stimulation at an index site (e.g., wrist) is increased (less pain 

sensitivity) in the presence of a painful stimulus at a distant site. This process is often 

impaired in people with chronic pain,30 including persons with OA.12 CPM has a relatively 

high level of accuracy. In a systematic review of 10 studies reporting test-retest reliability of 

CPM, 9 investigated intrasession reliability, with 78% of intrasession comparisons reporting 

intraclass correlation coefficients (ICCs) > 0.6. Eight studies included in this review also 

assessed the reliability of CPM between sessions; 4 out of 8 studies reported good (ICC>0.6) 

or excellent (ICC>0.75) values.31 Direct comparison of these studies is difficult, as CPM 

protocols differ between studies.

Several studies of various pain conditions and among healthy adults have identified 

differences between males and females in response to QST. In general, women exhibit 

greater sensitivity to experimental noxious stimuli than men, including lower pain tolerance 

and threshold (heat and mechanical). They also demonstrate greater temporal summation 

and higher rated after-sensations after repeated mechanical stimuli.32–36 Though much 

of this research does not pertain specifically to osteoarthritis, one study in particular 

investigated sex differences in central sensitization among participants (n=288) with 

symptomatic knee OA. Bartley et al. reported significantly lower PPTs for women compared 

to men, along with lower heat and cold pain tolerance thresholds and higher levels of TS.36 
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These differences in response to experimental pain stimuli suggest potential differences in 

how males and females process pain, similar to that noted in several other pain conditions.

II. Cross-Sectional associations between QST and severity of symptoms 

and structural damage

QST may identify individuals who experience pain due in part to sensitization. It is 

reasonable to hypothesize that persons with chronic pain conditions, like OA, have 

more abnormalities on QST than persons without chronic pain conditions. This section 

summarizes prior research on differences in QST findings among persons with and without 

OA. These studies, summarized in Table 1, show that—as hypothesized—individuals with 

OA have more QST abnormalities than controls, supporting the discriminant validity of 

QST.

Pain Pressure Threshold (PPT)

Persons with knee OA often display widespread reductions in PPT, indicating this test may 

be used to distinguish persons with symptomatic OA from controls, people without OA and 

without pain.8, 10, 16, 37–41 Multiple studies have reported that subjects diagnosed with knee 

OA exhibited significantly lower PPT values at sites of OA involvement and uninvolved 

sites compared to control subjects, suggesting hyperalgesia among subjects with OA.16, 37 

A meta-analysis of PPT values (both at the knee and sites distant from the knee) of 1,003 

participants with and without knee OA reported a 0.86-standard mean difference (SMD, 

difference in means divided by standard deviation) in PPT between persons with OA and 

controls.42 SMDs >0.8 are considered to be large.42 However, a limitation to interpretation 

of these studies is that the differences between those with OA versus healthy controls could 

be related to presence of OA or chronic pain or both.

While most studies of PPT in persons with OA have focused on the knee, several other 

studies have demonstrated these same principles in persons with hip and hand OA.43–46 

Studies by Kosek and O’Driscoll report an SMD in PPT around 0.75 between persons with 

hip OA and healthy controls.10 Individuals with hand OA displayed significantly lower 

PPTs than controls at affected joints within the hand and distally at the wrist.43, 44, 47 

Among persons with hand OA, individuals who reported higher pain severity (measured on 

the Numeric Rating Scale) displayed significantly lower PPTs at symptomatic (fingers and 

wrist) and distal (trapezius and tibialis anterior muscle) sites.14

Several recent papers have suggested that QST measures are more closely associated with 

pain severity than OA severity.8, 24, 48 Finan et al., for example, categorized participants 

into one of 4 subgroups based on pain level and knee OA radiographic (KL) grade: high 

pain/high OA grade, low pain/high OA grade, low pain/low OA grade, and high pain/low 

OA grade.8 They observed that persons in the “high pain/low OA grade” group (indicative 

of symptom-structure discordance) had significantly heightened pain sensitivity across 

numerous QST measures, including lower average PPT values at the trapezius as compared 

to individuals in the low pain/high OA group (i.e., less pain sensitivity).8, 30, 42, 49–51 Persons 
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with high pain and low OA grade also displayed significantly higher pain catastrophizing 

scores than all other groups.8

Similarly, Neogi et al. found no association between duration and severity of radiographic 

and symptomatic OA and PPT.24 They reported, however, that individuals in the lowest PPT 

tertile (most sensitization) had greater odds of knee pain compared to persons in the top 

PPT tertile (OR=2.0 at the patella (proximal site) and 1.7 at the wrist (distal site)).24 Among 

individuals with knee OA, PPT values both at the knee and at distant sites have also proven 

to be moderately, negatively correlated with the Visual Analog Pain Scale (VAS) (r= −0.55), 

the Western Ontario and McMaster Universities Arthritis (WOMAC) pain scale (r= −0.589), 

as well as SF-36 bodily pain scores, suggesting greater pain sensitivity (lower PPT) in those 

reporting more severe pain.8, 16, 52

Taken together, these findings suggest that sensitization is associated with severity of self-

reported pain rather than radiographic severity. Using QST as a tool to identify persons with 

OA who may be susceptible to chronic pain could allow for more targeted treatment, as 

individuals who display signs of sensitization might benefit from treatments targeting central 

and neuropathic pathways.8, 30, 42, 49–51

QST measures may also vary with the presence of synovitis. Neogi et al. suggest that PPT 

values may be associated with synovitis and/or effusion in the knee. When controlling for 

age, sex, radiographic severity, among other factors, persons with MRI-detected synovitis 

or effusion displayed significantly lower PPT values at baseline. Further, individuals with 

synovitis at baseline exhibited worsening PPT values over time at the patella.53 These data 

suggest that individuals with effusion or synovitis may display signs of increasing pain 

sensitization over time and support the association between inflammation—as reflected in 

synovitis and effusion—and pain sensitization.

Conditioned Pain Modulation (CPM)

As noted above, most persons experience a reduction in pain at the initial test site when 

they are subject to a noxious stimulus at a different anatomic site; this is the essence of 

CPM. Inefficient CPM is sometimes present among individuals with OA and in people with 

chronic pain, suggesting that impaired descending inhibition may contribute to centralized 

pain.1, 11, 30, 54 In a study conducted by Arendt-Nielsen et al., subjects with knee OA had 

inefficient CPM in the peripatellar region, whereas controls displayed efficient CPM in this 

region. However, individuals with knee OA did exhibit efficient CPM at the tibialis anterior, 

a control site.11 More recently, Carlesso et al. found the presence of CPM to be associated 

with higher scores on the Intermittent and Constant Osteoarthritis Pain scale, indicating a 

greater likelihood of constant +/− intermittent pain as opposed to only intermittent pain.55 

These findings may suggest that CPM is activated in the presence of pain, and could provide 

new insights into the distinction between intermittent and constant pain.

Temporal Summation (TS)

TS has also been shown to distinguish OA patients from persons without OA. TS is most 

frequently measured by gauging an individual’s pain during the repeated application of a 

mechanical (often a weighted punctate probe) or thermal (often heat pulses) stimulus. An 
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increase in pain from the first to last stimulus indicates TS. Arendt-Nielsen reported weak 

to modest positive correlations between TS and 1) the severity and area of saline evoked 

pain (r=0.28), 2) severity of pain after walking (r=0.33), 3) duration of pain (r=0.26), 

and 4) peak pain levels in the past 24 hours (r=0.27).11 These findings indicate that 

TS may have potential to identify individuals with hypersensitivity to pain. Furthermore, 

several studies have reported that subjects with more pronounced TS had more painful 

responses to physical activity, measured by changes in pain during activity among knee OA 

patients.38, 56 Specifically, individuals who exhibited greater levels of TS before completing 

a 6-minute walking test reported greater discomfort over the course of their walk.38, 56 These 

investigators also found more painful response to physical activity to be associated with 

greater OA pain, functional limitation, and pain catastrophizing.38

Similar to their studies of PPT, Finan and Neogi found an association between pain severity 

and the presence of TS, but did not observe an association between duration and severity 

of radiographic OA and TS.8, 24 Individuals with TS at the patella and the wrist were more 

likely to experience greater knee pain (OR=1.6 (patella), OR=1.3 (wrist)) than individuals 

without TS.24

Carlesso et al. recently examined whether PPT, CPM, and TS are associated with the pattern 

of OA pain. They showed that lower PPTs—locally and remotely—and the presence of 

CPM were both associated with a greater likelihood of constant +/− intermittent pain as 

opposed to only intermittent pain. Similarly, lower PPTs and the presence of greater TS were 

associated with higher odds of unpredictable pain.55

III. Longitudinal associations between QST and symptomatic and 

structural progression and response to therapy

This section examines studies of associations between QST findings and progression of OA 

(radiographically, symptomatically). We also examine associations between QST results and 

response to therapy. Studies addressing these questions are summarized in Table 2.

QST Findings as Predictors of Treatment Response

As the preceding sections of this review have indicated, numerous studies have documented 

cross-sectional relationships between various quantitative sensory tests—such as PPT, CPM, 

and TS—and OA case status and pain severity. In contrast, few studies have examined 

associations between QST measures and subsequent, long-term outcomes in OA patients. In 

this section we ask: Can QST predict how individuals will respond to treatment over time or 

how their pain experience will change over time?

Carlesso et al. addressed this question by examining how QST measures (PPT, CPM, 

TS) may foretell the evolution of pain patterns in persons with OA. Using data from 

the Multicenter Osteoarthritis (MOST) Study, they identified 852 individuals who were 

free of persistent knee pain at baseline. These subjects were placed into one of four pain 

susceptibility phenotypes based on their demonstrated level of pain pressure sensitivity 

and/or facilitated temporal summation.50 Individuals who exhibited high levels of pain 

pressure sensitivity and high temporal summation had twice the odds (OR 1.98) of 
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developing persistent knee pain over two years compared to individuals with normal pain 

pressure sensitivity and no temporal summation.50

Surgical Treatments

Several studies reported that individuals with QST findings indicating pain sensitization 

experience worse outcomes after total knee replacement. This suggests these subjects’ pain 

may be due in part to sources other than the knee itself.13, 15

TS has shown some success in identifying persons who may experience less pain relief from 

total knee replacement surgery.54, 57–60 Petersen et al. reported greater preoperative TS to 

be positively but weakly associated with greater pain intensity 12-months following TKR 

(Pearson Correlation r=0.2).60 Another study by Petersen et al. reported similar findings.58 

Patients with high pain (VAS ≥ 3 at 12-months post-op) had greater facilitated TS scores 

pre-op compared to individuals with mild to no post-operative pain (VAS < 3 at 12-months 

post-op), suggesting that preoperative TS may serve as a predictor of postoperative pain. 

The univariate correlation coefficient was small (Spearman r = 0.240).58 Abrecht et al. noted 

similar results, and additionally found preoperative TS to be associated with daily opioid use 

in the early post-op period.59

Preoperative CPM and PPT do not appear to be strong predictors of chronic pain after joint 

replacement surgery. One study by Wylde et al. found lower PPT values on the forearm 

(pre-surgery) to be strongly associated with a higher pain severity 12 months post-THR, 

but not with change in pain from baseline to 12 months post-THR. Further, preoperative 

PPTs were not associated with 12-month pain nor with change in pain severity from pre-op 

to 12-months post-op in TKR recipients.61 Another study by Wylde et al. reported that 

individuals with higher pre-operative PPT values on the forearm (indicating less widespread 

hyperalgesia) experienced less severe pain post-TKR.62 However, this relationship was 

weak, and other studies have not found meaningful correlations between pre-op PPTs and 

post-op pain severity.46, 59 Other studies suggest neither TS nor CPM alone can predict 

post-operative pain relief, but when the combination of abnormal CPM and TS results are 

considered together, they may identify persons who are less likely to experience pain relief 

post-TKR.54 More research is necessary to determine whether PPT and CPM can offer 

insight into surgical outcomes.

Response of QST Measures to Surgical Treatment

Several studies have found that in patients for whom joint replacement surgery is successful, 

CPM and PPT may normalize after surgery.57, 58, 63, 64 Kosek et al. found that while hip 

OA patients exhibited lower PPTs and impaired CPM pre-surgery, post-THR PPT values 

were comparable to those of controls and CPM demonstrated ‘normalization’ (i.e., were 

now efficient). However, all patients had substantial improvements in pain after surgery.57 

Graven-Nielsen et al. found similar results in knee OA patients who underwent TKR.65

In addition to their small sample size, a limitation of these studies is that all participants 

reported improvements in pain post-surgery, so it is unclear whether CPM remains 

inefficient for patients who do not have pain relief post-TKR. Petersen et al. address this 

by comparing pre-operative QST measures and post-operative pain relief. Compared to pre-
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operative values, persons with a maximum pain intensity <3 on the VAS scale post-surgery 

showed significantly higher PPTs at proximal and distal sites in both knees 12 months 

post-TKR. This indicates that pain PPTs may normalize in persons who experience pain 

relief post-TKR. These individuals also had efficient CPM both pre- and post-operatively.58 

Interestingly, the high-pain cohort, defined as persons with a peak VAS score ≥3 at 12 

months post-surgery, demonstrated neither normalization of PPT nor CPM after TKR.58 

Given the small size of these studies, there is insufficient evidence to determine whether the 

normalization of QST measures is associated with pain improvement, or, similarly, whether 

lack of normalization is related to persistent pain.

Non-surgical Treatments

QST testing may serve to identify individuals who respond to non-surgical OA 

treatments such as physiotherapy and NSAID use. O’Leary et al. reported that greater 

pain sensitization pre-treatment is associated with nonresponse after physiotherapy.22 In 

this study, participants—each of whom had been diagnosed with moderate to severe 

symptomatic, radiographic OA—underwent a baseline QST evaluation involving PPT, TS, 

CPM, VPT, and thermal hyperalgesia before completing a physiotherapy regimen.22 Upon 

completion of the regimen, and again at 6 months follow-up, participants were classified 

either as “responders” or “nonresponders” according to OMERACT-OARSI responder 

criteria. O’Leary et al. found higher pre-treatment TS values and lower PPT values to be 

significant risk factors for nonresponse.22

Finally, some evidence suggests that QST testing may identify patients for whom NSAIDs 

may not be effective. Petersen et al. studied 132 participants with painful knee OA 

treated with ibuprofen, paracetamol, and pantoprazole for three weeks.66 Nonresponders 

(individuals who did not achieve 50% pain relief from treatment), showed significantly 

higher levels of pain and facilitated TS before treatment as compared to responders (those 

with ≥ 50% pain relief). These data suggest that pre-treatment TS may serve as a predictor 

of response to analgesic agents.66 A second study by Arendt-Nielsen et al. found that 

persons receiving etoricoxib (a COX-2 inhibitor) had, on average, greater improvement 

than placebo-treated groups in WOMAC pain, function, and stiffness scores.67 Further, the 

investigators documented significantly greater increase in PPT and reduction in TS in the 

etoricoxib group than in the placebo group. The study design does not permit analysis of 

whether the effect of etoricoxib on normalizing QST measures is mediated by pain relief or 

whether it may be a direct effect of the medication.

IV. Summary and role of QST moving forward

In summary, studies to date confirm that QST can distinguish OA patients from controls. 

Specifically, persons with OA may exhibit lower PPT values and less efficient CPM. 

More importantly, recent studies suggest abnormalities in PPT and TS among persons with 

symptomatic OA are likely driven by pain rather than radiographic severity. Facilitated TS 

may help to identify individuals who are more prone to chronic pain, and who are less likely 

to respond to a range of medical and surgical therapies. The finding that individuals without 

knee pain who demonstrated low PPT and moderate TS were twice as likely to develop 
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persistent pain in the future50 indicates that sensitization may be an inherent trait rather than 

a state induced by OA, as these individuals displayed signs of sensitization before they had 

developed persistent knee pain. These observations suggest that QST could potentially be 

used to offer a personalized and more effective treatment strategy to reduce pain associated 

with OA.
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Table 1:

Literature summaries of manuscripts addressing cross sectional associations between QST and OA

CROSS SECTIONAL

OA patients v. healthy controls

Source Test Used Sample Findings

Arendt-
Nielsen; 
2010

PPT, CPM, 
TS

48 subjects with 
knee OA who were 
divided into 2 age-and 
sex-matched groups 
according to peak pain 
intensity (VAS ≥ 6 
versus VAS <6) and 24 
age- and sex-matched 
controls with no knee 
pain in the past year

• Lower mean PPT (pooled from 8 sites around the knee) was 

correlated with higher VAS pain ratings (r=0.24
^
)

• Significant correlation between PPT at distal sites and VAS scores

– Tibialis anterior: r = −0.36

– Extensor carpi radialis longus: r= −0.32

• More pain as demonstrated by lower PPTs indicates more localized 
and diffuse hyperalgesia

• All groups showed effective CPM at tibialis anterior control site; 
control site showed significantly higher PPT values during cuff 
stimulation versus baseline (~ 100 kPa increase in PPT)

• High pain OA group and control group showed efficient CPM at 
forearm control site, but the low pain OA group did not

•
Positive correlation between TS and saline evoked pain (r=0.28

^
), 

pain after walking (r=0.33
^
, pain duration (r=0.26

^
), and peak pain in 

the past 24h (r=0.27
^
)

** ^ indicates significant result

Dua, 2018 VPT, PPT, 
allodynia

42 persons with 
moderate to severe OA 
and 12 controls without 
OA

• Mechanical allodynia was significantly more common in persons with 
OA versus controls (54.8% versus 16.6% at index knee, 42.9% v. 0% 
at contralateral knee)

• Persons with increased sensitivity to vibration had lower PPTs and 
presence of allodynia

– Correlation between VPT at several sites and PPT on 
medial index joint line:

♦ VPT (index knee, medial) Spearman r= .389, p 
=.01

♦ VPT (index knee, lateral) Spearman r=.405, 
p=.008

– VPT (ipsilateral ankle, medial) Spearman r=.476, p=.001

Fingleton, 
2015

PPT, CPM, 
TS

Meta-analysis of 8 
studies that compared 
PPT in healthy 
individuals to controls 
(n=1003). Included 
from this table: 
Arendt-Nielsen 2010, 
Lee 2011, Kavchak 
2012, Skou 2013, 
Wylde 2013 (Table 2), 
Neogi 2015

• Point estimates for SMD in PPT

– Using average of one local and one remote testing site: 
−0.86;

– Using only local sites: −0.97

– Using only remote sites: −0.74

* Negative values indicate greater sensitivity in OA group, 0.8-point estimate is 
considered large, 0.5 = medium

• Dysfunctional CPM at local sites in knee OA v. controls

– Greater TS facilitation at knee (local) and forearm 
(remote) between OA and controls

Imamura, 
2008

PPT 62 female patients 
with symptomatic, 
radiographic knee OA 
and 22 age-matched 
controls

Individuals underwent PPT testing on the lower extremities and the spine

• Lower PPT values were moderately correlated with:

– Higher pain intensity (WOMAC pain); r =−0.589, (PPT 
done at patellar tendon)
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CROSS SECTIONAL

OA patients v. healthy controls

Source Test Used Sample Findings

– Higher functional limitation scores (WOMAC physical 
activity); r= −0.571, (PPT done at peroneus longus)

– Poorer QoL values (SF-36 bodily pain); r= 0.569 (PPT 
done at adductor longus)

Jaber, 2018 CPT, PPT 30 patients with KOA 
about to undergo TKR 
and 30 healthy controls

• Mean PPT values were significantly reduced in knee OA group versus 
controls; no significant differences between index and contralateral 
knee in knee OA patients

– Mean PPT (SD) for OA patients and controls:

♦ Operative knee medial: 314.19 kPa (181.75)

♦ Non-operative knee medial: 366.51 (204.02)

♦ Left knee medial control: 590.4 (226.26)

♦ Right knee medial control: 613.46 (247.50)

No significant differences in CPT between groups

Kavchak; 
2012

PPT, VPT 
MDT

16 patients diagnosed 
with OA KL ≥2 and 16 
age-matched controls

Individuals underwent QST testing before performing a step-up-and-over task

• PPTs were significantly lower at the medial joint line in OA patients 
v. controls (p=0.03)

– PPT knee OA: 17.21 kPa (16.12)*;

– PPT controls: 31.53 kPa (16.12)

•
VPT

+
 significantly increased at medial knee in OA group

–
VPT knee OA: 30.18

^
 (8.54)

–
VPT controls: 19.18

^
 (7.00)

* mean values are followed by SD in parentheses
^ in biothesiometer units

Kuni, 2015 PPT 50 patients with knee 
OA and 49 patients 
with hip OA, scheduled 
for joint replacement + 
15 controls

• Median PPT values lower in knee OA patients v. controls (4.0 versus 
7.8 on a scale of 0–10 for the affected knee)

Median PPT values lower in hip OA patients v. controls (4.5 v. 6.8 on a scale of 
0–10 for the affected hip)

Lee; 2011 PPT; heat 
pain ratings

26 patients with 
clinically diagnosed 
OA and 33 age- and 
sex-matched controls

• OA patients had lower PPT values** at all distal and proximal sites as 
compared to controls

– PPT knee OA leg: 511.5 (221.1)

– PPT control leg: 732.2 (307.3); p=0.003

– PPT knee OA trapezius: 342.3 (132.6)

– PPT control trapezius: 501.7 (220.5);p=0.001

**all measurements in kPa

• Lower PPT values were associated with higher log CRP levels (F 
value for association between baseline leg PPT and log CRP = 8.13, 
p=.009)

• Inflammation may be a key source of pain in OA patients; PPT may 
indicate greater levels of inflammation

Rakel, 
2015

PPT, 
punctate 
pain 
intensity 
(PPI), heat 
pain 

75 persons with knee 
OA and 25 age- and 
sex-matched controls

• Persons with OA had significantly lower PPT values in index knee 
(248 ± 12.9 kPa) versus control (322±22.5) but not in contralateral 
knee

• PPI significantly higher (indicating greater sensitivity) in persons with 
knee OA (7.45 ± 1.07 at index knee; 6.17±0.91 at anterior tibialis) 
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CROSS SECTIONAL

OA patients v. healthy controls

Source Test Used Sample Findings

tolerance, 
heat pain 
threshold

versus controls (2.88 ± 0.81 at index knee, 2.22 ±0.67 at anterior 
tibialis)

*measured on a VAS scale 0–10 cm

Skou; 2013 PPT, CPM, 
TS

40 individuals who 
had undergone TKA 
followed by revision 
TKA (20 with pain in 
revised knee (chronic 
pain), 20 without)

• PPTs significantly lower in group with pain after revision TKA v. 
group without pain after revision TKA (10 kPa v. 15 kPa)

• Impaired CPM in chronic pain group; CPM functioned properly in 
individuals without pain after revision TKA

Suokas; 
2012

PPT Meta-analysis; 2281 
participants; 41 studies 
included. Included 
from this table: 
Arendt-Nielsen 2010, 
Imamura 2008, Kosek 
2000, & Lee 2011.

• PPT can differentiate between OA patients and controls, with OA 
patients having lower PPTs

–
Standard mean differences (SMD

^
) for PPT between OA 

patients and controls:

♦ Affected joint: −1.24 (−1.54, −0.93)

♦ Distal site: −1.22 (−2.69, 0.26)

♦ Remote site: −0.88 (−1.11, −0.65)

**Distal indicates below affected joint; remote indicates site above/contralateral to 
affected joint; negative sign indicates lower PPT in OA

Wright, 
2017

PPT, cold 
pain 
threshold 
(CPT), heat 
pain 
threshold, 
warm 
detection 
threshold

80 patients with knee 
OA and 40 healthy 
controls underwent 
QST

• Persons with OA had lower mean PPT than controls at index knee; no 
significant results at the contralateral knee or elbow

• PPT was significantly lower in OA and control groups at index knee:

– OA group: 240 kPa v. normal group: 320 kPa

• CPT significantly higher in OA group v. control at all sites (higher 
CPT indicates increased sensitivity)

– At index knee: OA group had CPT of 14°C versus 2°C for 
controls

– At contralateral knee: OA group had CPT of 5°C versus 
1°C for controls

– At ipsilateral elbow over extensor carpi radialis brevis 
muscle: OA group had CPT of 7°C versus 1°C for controls

Distinguishing Among Individuals with OA

Arendt-
Nieslen; 
2010

PPT, CPM, 
TS

48 subjects with 
knee OA who were 
divided into 2 age-and 
sex-matched groups 
according to peak pain 
intensity (VAS ≥ 6 
versus VAS <6) and 24 
age- and sex-matched 
controls with no knee 
pain in the past year

• Neither OA group (high and low pain) demonstrated efficient CPM in 
peripatellar region, whereas controls showed functioning CPM

– Difference between PPT values at baseline and during cuff 
stimulation (kPa)

♦ High pain group: ~ 30 kPa

♦ Low pain group: ~10 kPa

♦ Control group: ~100 kPa

Arendt-
Nielsen, 
2015

PPT, TS, 
CPM

217 OA patients, 64 
controls, persons with 
OA categorized into 
groups: low pain/low 
KL grade, high 
pain/low KL grade, 
high pain/high KL 
grade, high pain/low 
KL grade, where low 
pain was defined as 0–
51 on VAS 0–100 scale 
and low KL grade is 

• Controls had significantly higher PPT values versus OA groups

• TS facilitation was higher in high pain OA groups v. low pain OA 
groups

– Controls with VAS pain 0–9 (0–100 scale): 18.3 ± 14.2

– Knee patients with VAS 70–100: 40.2 ± 20.5

• CPM was significantly more efficient in control groups as compared 
with high pain OA groups
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CROSS SECTIONAL

OA patients v. healthy controls

Source Test Used Sample Findings

defined as KL 0, 1, and 
2

– CPM ratio* for controls with VAS pain 0–9 (0–100 scale): 
576.4 ± 170.4 kPa

– Knee patients with VAS 70–100: 366.8 ± 181.0 kPa)

• Pain intensity was significantly correlated with PPT (r= −0.342) and 
CPM (r= −0.345)

– *CPM ratio is the mean ratio between PPT during cuff 
stimulation (in kPa) and PPT at baseline

Carlesso, 
2020

PPT, CPM, 
TS

2794 participants from 
the MOST study

• Higher PPTs (proximally and distally) were associated with lower 
odds of having constant +/− intermittent pain as compared with 
intermittent pain only

– Proximal (patella): OR (per SD) = 0.80 (0.68, 0.93)

– Distal (wrist): OR (per SD) =0.80 (0.66, 0.93)

• Greater TS was associated with higher likelihood of unpredictable 
pain; OR= 0.96, (0.84, 1.09)

• Presence of CPM was associated with greater likelihood of constant 
+/− intermittent pain versus intermittent pain only; OR= 1.45 (1.10, 
1.92)

Finan, 
2013

PPT, cold 
pressor test, 
mechanical 
and heat TS

113 persons with knee 
OA were divided into 
subgroups according 
to pain level and KL-
grade; individuals had 
low pain if WOMAC 
knee pain score ≤ 4.22 
(median pain score), 
high pain if >4.22. 
KL scores were split 
between KL grade 1–2, 
versus 3–4

• PPT at the quadriceps significantly correlated with anxiety and 
depression symptoms

• TS at the finger significantly associated with pain catastrophizing and 
depression

• High pain/low KL displayed significantly higher pain catastrophizing 
than all other groups; significantly greater sleep disturbance than 
both low pain groups; and significantly higher anxiety and depression 
symptoms as compared to Low pain/high KL group

• High pain/low KL showed significantly higher response to 
mechanical TS (scale of 0–100):

– High pain/low KL: 44.59 ± 33.33

– Low pain/high KL: 22.32 ± 19.90

– High pain/high KL: 37.47 ± 29.84

– Low pain/low KL: 30.54 + 30.64

• High pain/low KL group showed significantly lower PPT values at 
trapezius (321.07 ± 120.44 kPa) versus low pain/high KL (434.58 
± 144.76) and higher pain ratings during cold pressor test (75.68 ± 
22.51; scale of 0–100) as compared to low pain/high KL group (68.8 
± 16.90)

Fingleton, 
2015

PPT Meta-analysis where 
3 studies compared 
high and low symptom 
severity among knee 
OA patients (n=316). 
Included from this 
table: Lee 2011, 
Kavchak 2012, Skou 
2013 Wylde 2013 
(Table 2), Neogi 2015

• Point estimates for differences in PPT for patients with high v. low 
symptom severity

– Using one local and one remote testing site: −0.51 (−0.73, 
−0.30)*

– Using only local sites: −0.57 (−0.80, −0.34)

– Using only remote sites: −0.48 (−0.91, −0.06)

* Negative values indicate greater sensitivity in OA group, 0.8 point estimate is 
considered large, 0.5= medium

• Greater facilitation of TS in OA patients with high symptom severity 
as compared to those with low symptom severity

Kavchak; 
2012

PPT, VPT 
MDT

16 patients diagnosed 
with OA KL ≥2 and 16 

Individuals underwent QST testing before performing a step-up-and-over task*
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CROSS SECTIONAL

OA patients v. healthy controls

Source Test Used Sample Findings

age- and sex-matched 
controls

• PPT were significantly decreased at medial joint line (17.21 N v. 
31.53 N) and distal site (14.62 N v. 27.23 N) in individuals with knee 
OA versus controls

• Significant differences in PPT values at the medial joint line, but not 
at distal sites when comparing individuals with severe (KL ≥ 3) v. 
moderate (KL 2) radiographic changes

*For the step-up-and-over task, participants were asked to step onto and over a 4- or 
8-in step depending on patient stability.

Moss, 
2017

PPT, cold 
pain 
threshold

130 individuals with 
KOA, characterized as 
positive or negative 
neuropathic based on 
PainDETECT score 
(≥19 out of 30 
considered positive)

• Significantly lower PPT values for “positive neuropathic” compared 
to “negative neuropathic” group at the index knee (240 v. 350 kPa), 
contralateral knee (255 v. 390 kPa), and extensor carpi radialis brevis 
(ECRB) elbow (250 v. 370 kPa)

• Cold Pain Thresholds were significantly higher (indicating hyper-
sensitivity) for “positive neuropathic” group versus “negative 
neuropathic” group at the index knee (22 v. 8°C), contralateral knee 
(18 v. 4°C), and ECRB (19.5 v. 7°C)

• Both of these QST measures indicate sensitization in “positive 
neuropathic” group

Neogi, 
2015

PPT and TS PPT and TS were 
assessed in 2126 
subjects (4226 knees) 
from the MOST study

• PPT and TS at the patella (local) and wrist (distal) were not associated 
with radiographic OA

• Persons with PPT in the lowest tertile were more likely (OR=2.0 
for patella and OR=1.7 for wrist) to have greater knee pain severity 
compared to those in the top tertile

• Persons with TS were more likely (OR=1.6 for patella, OR=1.3 for 
wrist) to have greater knee pain severity than those without temporal 
summation

Skou, 2013 PPT, CPM, 
TS

40 participants who 
had all undergone 
primary TKA and 
revision TKA due to 
pain post TKA. 20 
participants had pain in 
the revised knee, 20 
did not.

• Among patients with chronic knee OA, those with higher pain 
intensity and longer pain duration showed more temporal summation 
than those with less pain and a shorter duration of symptoms

– “Pain” group:

♦ Mean normalized VAS score of ~3 cm by 10th 

stimulation

– “No Pain” group:

♦ Mean normalized VAS score of ~ 1 cm by 10th 

stimulation

♦ CPM inhibited in “pain” group versus “no 
pain” group

– Δ PPT from before to during CPM

♦ Pain group: −20 kPa

♦ No pain group: 100 kPa

Steen 
Pettersen, 
2019

PPT, TS 282 participants with 
confirmed hand OA, 
underwent QST testing 
and NRS and 
AUSCAN pain scales

• Participants displayed lower PPTs at wrist and finger joints as 
compared to more distant locations

• Individuals with lower PPTs at distant body sites (lowest PPT tertiles) 
reported between 0.9 and 1.6-points higher pain on NRS scale 
(statistically significant)

• Those with facilitated TS reported an average of 1.0 points higher on 
NRS scale and 1.1 points higher on AUSCAN pain scale

• **NRS pain scale is 0–10, AUSCAN pain scale is 0–20
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CROSS SECTIONAL

OA patients v. healthy controls

Source Test Used Sample Findings

Wideman; 
2014

PPT, TS 107 patients over the 
age of 50 with chronic 
knee OA, with or 
without insomnia

Individuals underwent QST and completed self-report measures of pain and function 
before performing 6-minute walking test, during which patients rated pain levels

• OA is associated with widespread reductions in knee PPTs 
(correlation between knee PPT and WOMAC pain: r = −0.191)

•
PPT at knee is not significantly related to SPA

$
 (r= −0.076), but TS at 

knee is significantly correlated with SPA (r=0.305)

• Performance on the 6-minute walk test was weakly correlated with 
PPT at the knee (r=0.226) and shoulder (r=0.204)

• SPA moderately correlated to WOMAC pain (r=0.426) and WOMAC 
function (r =0.418)

+
VPT = vibration detection threshold

$
SPA= sensitivity to physical activity

^
SMD= standard mean difference
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Table 2:

Literature summaries of manuscripts addressing longitudinal associations between QST and OA

LONGITUDINAL

OA Patients v. Healthy Controls

Source Test Used Sample Findings

Carlesso, 
2019

TS, PPT 852 participants from the 
MOST study who did not have 
persistent knee pain (PKP) at 
baseline
Categorized participants into 4 
Pain Susceptibility Phenotypes 
(PSPs) based on TS, PPT, 
sleep, and psychological 
factors.

• Persons with a high sensitivity to PPT and moderate 
facilitation of TS was nearly twice as likely (OR 1.98) to 
develop incident PKP over two years compared to individuals 
with low-to no PPT sensitivity or facilitated TS.

Izumi, 
2017

PPT, CPM, 
TS, thermal 
detection 
threshold, 
thermal pain 
threshold

40 persons with hip OA 
about to undergo THA and 
40 asymptomatic controls; all 
subjects underwent QST at 
baseline, persons with hip OA 
underwent QST a second time 
~6 weeks post THA

• PPTs increased after THA in patients with hip OA

– PPTs increased ~ 75 kPa at each hip site on 
affected side between pre- and post-op

– PPTs increased between 50 and 75 kPa at arm and 
tibialis anterior

• Preoperative rest pain intensity (on VAS scale) significantly, 
negatively correlated with preoperative PPTs around index hip 
(r= −.42).

• TS facilitated in hip OA patients pre-THA as compared with 
controls;

– VAS sum of persons with OA, index hip: 22.4 cm 
(19.9, 24.9)

– VAS sum of control subjects: 8.6 (6.5, 10.7)

• TS normalized in hip OA patients who were pain-free post-
THA, but not in patients who experienced pain post-THA

– VAS sum of pain-free persons with OA, index hip: 
11.6 (8.8, 14.4)

• VAS sum of persons with OA in pain: 22.4 (17.1, 27.7)

Kurien, 
2018

PPT, CPM, 
TS

50 patients with knee OA 
undergoing TKR and 22 
controls; individuals with 
OA characterized into high 
and low pain groups using 
painDETECT survey (High 
pain ≥19)

• Pre-TKR:

– Both high and low pain groups showed lower PPT 
values than controls at sites proximal to the index 
knee

♦ High pain group: ~ 260 kPa

♦ Low pain group ~ 420 kPa

♦ Controls: ~ 640 kPa

– High pain knee OA group showed lower PPTs as 
compared to controls and low pain knee OA group 
at sites distal to index knee (tibialis anterior)

♦ High pain group: ~ 250 kPa

♦ Low pain group: ~ 425 kPa

♦ Controls: ~580 kPa

– No differences in CPM observed between OA 
groups and controls

– Persons with OA demonstrated facilitated TS as 
compared to controls

♦ High pain group: 2.5 cm (VAS Score, 
0–10)
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LONGITUDINAL

OA Patients v. Healthy Controls

Source Test Used Sample Findings

♦ Low pain group: 2 cm

♦ Controls: 1 cm

• 6 months post-TKR:

– PPT values at 6 mo were significantly increased 
from pre-TKR values for both the high and low 
pain OA groups at the index knee and tibialis 
anterior (TA). Difference between baseline and 6-
month shown below:

♦ High pain, index knee: ~30 kPa 
increase

♦ Low pain, index knee: ~70 kPa 
increase

♦ High pain, TA: ~ 50 kPa

♦ Low pain, TA: ~50 kPa

– Normalization of widespread hyperalgesia post-
TKR in OA patients with preop nociceptive pain

– No significant differences observed between 
persons with OA and controls when comparing TS

♦ High pain group: 1.7 cm

♦ Low pain group: 1 cm

♦ Controls: 1 cm

Distinguishing Among Individuals with OA

QST as a Predictor to Treatment Response

Abrecht, 
2019

PPT, CPM, 
TS

126 patients undergoing 
TKR underwent preoperative 
QST testing; monitored for 
perioperative pain scores and 
opioid consumption

• TS is an independent predictor of perioperative pain scores 
(Pearson r =.342, p<.001) and daily opioid use (r=.322, 
p<.001)

• **Here, r is based on average pain scores and opioid 
consumption from postoperative days 0–2

Arendt-
Nielsen et 
al., 2016

PPT, TS, 
CPM

37 subjects were randomized 
to one of 1 treatment 
sequences: 60 mg/d of 
etoricoxib for 4 weeks 
followed by 4 weeks of 
placebo, or 4 weeks of placebo 
followed by 4 weeks receiving 
60 mg/d of etoricoxib. Both 
sequences had at least a 6-day 
washout between treatments.
QST was completed at the 
start of each treatment period.

• WOMAC total score and sub scores (Pain, Stiffness, Physical 
Function) were significantly superior for etoricoxib versus 
placebo

• PPT assessed at the index knee and tibialis anterior increased 
significantly more in the etoricoxib group than in the placebo 
group

• TS significantly decreased at the index knee and tibialis 
anterior for etoricoxib compared to placebo

• CPM did not differ significantly between the placebo and 
etoricoxib groups, though descending pain inhibition did 
increase at the index knee, lower leg, and arm with etoricoxib 
but not for placebo treatment

Petersen; 
Graven 
Nielsen, 
2016

PPT, PDT, 
CPM, TS

135 patients scheduled for 
TKR underwent QST testing 
before surgery, follow-up at 
12-months post TKR
Individuals were categorized 
into 4 groups: facilitated TS 
and impaired CPM, facilitated 
TS and normal CPM, normal 
TS and impaired CPM, normal 
TS and CPM

• Neither PPT, CPM, nor TS alone could predict postoperative 
pain relief

• Low pressure pain detection threshold (PDT) preoperatively 
(indicative of greater sensitivity) was significantly associated 
with less postop pain relief) Pearson r= −0.216 p=0.021)
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LONGITUDINAL

OA Patients v. Healthy Controls

Source Test Used Sample Findings

Petersen, 
2018

PPT, TS, cold 
detection 
threshold, 
warm 
detection 
threshold

130 participants undergoing 
TKR were characterized as 
having chronic pain or not 
based on pain outcomes 1-year 
post TKR; individuals with 
<30% pain reduction of pre-
op pain score were deemed as 
having chronic pain

• 19% of patients were categorized into chronic pain group

• Facilitated pre-operative TS was greater in chronic pain group 
(4.19 points on VAS** scale) versus normal group (3.13 
points on VAS scale)

• No differences in thermal thresholds between chronic and 
normal groups

• Preoperative TS was an independent factor of pain intensity 
ratings 1-year post TKR

**VAS scale is 0–10 points

Petersen, 
2019

Pain 
detection 
(PDT), pain 
tolerance 
(PTT), and 
TS

132 patients with symptomatic 
knee OA underwent QST 
testing before NSAID 
treatment regimen (400 mg 
ibuprofen 3x per day, 
paracetamol 3x per day, 
pantoprazole 1x per day for 
3 weeks) and were included 
in the final analysis; “non 
responders” characterized as 
individuals who did not report 
≥ 50% pain relief after 
treatment

• Nonresponders showed significantly greater values of TS as 
compared to responders before treatment (TS of 3 points on 
VAS scale for nonresponders v. ~2 points for responders)

• No differences were observed between groups for PDT or 
PTT

Wylde, 
2013

PPT, Hot 
pain 
thresholds 
(HPT)

51 patients about to undergo 
TKR participated in a 
pre-op QST session and 
completed a WOMAC Pain 
score questionnaire 1-year 
post-op

• No correlation between pre-op HPTs or PPT tested at the knee 
and post-op WOMAC

• There was a small, but significant correlation between pre-op 
PPT at the forearm and post-op WOMAC; patients with lower 
PPTs at their forearm expressed greater pain severity 1-year 
after surgery

Wylde, 
2015

PPT 322 patients undergoing 
THR and 316 undergoing 
TKR underwent PPT 
testing preoperatively; 
WOMAC was evaluated 
both preoperatively and 12-
months post-op

• Preoperative PPT was strongly associated with preoperative 
and 12-month postoperative pain in THR participants

• Preoperative PPT was weakly associated with preoperative 
pain and not associated with postoperative pain in TKR 
participants

Effect of Treatment Response on QST Measures

Neogi, 
2016

PPT, TS 1,111 subjects from the 
Multicenter Osteoarthritis 
Study (MOST) underwent 
QST at baseline and 2 years 
later

• Individuals with Hoffa synovitis on MRI at baseline had 
significantly lower PPT values at baseline and a significant 
decrease in PPT values at the patella at 2 years follow-up

• Effusion was significantly associated with baseline PPT and a 
decreased PPT at the wrist at 2 years follow-up

• These data suggest that inflammation is associated with 
worsening in pain sensitization
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