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Pain sensitization, i.e. increased pain sensitivity, is believed contribute to chronic pain in 
many diseases, including osteoarthritis (OA). Hand OA is a serious, painful, and disabling 
disease. This doctoral thesis aimed to examine the relevance of peripheral and central pain 
sensitization in persons with hand OA.  

Pain sensitization by pressure pain algometry and temporal summation was tested cross-
sectionally in a large cohort and their relationships with pain severity as well as structural 
and inflammatory OA changes were analysed. Almost 300 participants were included, 
making it the largest study on the subject so far. 

The results showed that central sensitization was common, and that peripheral and central 
sensitization was associated with higher hand pain intensity, independent of psychosocial 
factors and radiographic OA. The degree of structural and inflammatory changes in a finger 
joint was associated with pressure pain threshold of the same finger joint as a measure of 
peripheral and possibly also central sensitization in multilevel analyses. These results were 
not statistically significant in nonpainful joints alone. The overall amount of hand joint 
pathologies in a person with hand OA was not related to central sensitization except for 
presence of erosive hand OA. Disease duration was not associated with central sensitization. 

The cross-sectional study design limited the ability to draw conclusions about causality. 
Prospective studies are needed to better understand the risk factors for pain sensitization and 
the causal association between pain sensitization and hand pain. Further, reliability-testing 
of pain algometry and temporal summation showed variable results and efforts should be 
made to enhance the reliability of these tests in future studies. 

The papers of this thesis confirm the clinical relevance of pain sensitization in hand OA. The 
results lay a groundwork for further exploration of how pain sensitization may be targeted to 
reduce chronic pain from hand OA.
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B R I E F  R E P O R T

Associations Between Radiographic and 
Ultrasound-Detected Features in Hand Osteoarthritis 
and Local Pressure Pain Thresholds

1 2 3 4 1

1 1

Objective. Pain sensitization contributes to the complex osteoarthritis (OA) pain experience. The relationship 
between imaging features of hand OA and clinically assessed pain sensitization is largely unexplored. This study was 
undertaken to examine the association of structural and inflammatory features of hand OA with local pressure pain 
thresholds (PPTs) in the Nor-Hand study.

Methods. The cross-sectional relationship of severity of structural radiographic features of hand OA (measured 
according to the Kellgren/Lawrence scale [grade 0–4] and the absence or presence of erosive joint disease) as well 
as ultrasound-detected hand joint inflammation (assessed by gray-scale synovitis [grade 0–3] and the absence or 
presence of power Doppler activity) to the PPTs of 2 finger joints was examined by multilevel regression analyses 
adjusted for age, sex, and body mass index, using beta values with 95% confidence intervals (95% CIs).

Results. A total of 570 joints in 285 participants included in the Nor-Hand study were assessed. Greater structural 
and inflammatory severity was associated with lower PPTs, with adjusted beta values of −0.5 (95% CI −0.6, −0.4) per 
Kellgren/Lawrence grade increase, −1.4 (95% CI −1.8, −0.9) for erosive versus non-erosive joints, −0.7 (95% CI −0.9, 
−0.6) per gray-scale synovitis grade increase, and −1.5 (95% CI −1.8, −1.1) for joints with power Doppler activity on
ultrasound versus those without.

Conclusion. Greater severity of structural pathologic features and hand joint inflammation was associated with 
lower PPTs in the finger joints of patients with hand OA, indicating pain sensitization. Our results indicate that pain 
sensitization might be driven by structural and inflammatory pathology in hand OA.

INTRODUCTION

Pain is the main symptom experienced by patients with hand 

osteoarthritis (OA) and represents a major health care challenge 

(1). About 14% of women and 7% of men between the ages of 

40 and 84 years are estimated to have symptomatic hand OA (2). 

Although OA is one of the most prevalent chronic pain conditions 

worldwide, treatment options remain focused on symptom relief, 

and both traditional analgesics and nonpharmacologic strategies 

have limited effect on pain or problematic side effects. The lack 

of effective analgesics may be due to our poor understanding 

of the determinants of OA-related pain. Increased knowledge of 

the mechanisms causing OA pain is therefore needed to develop 

new and better strategies for pain management and prevention.

A peripheral nociceptive input is traditionally believed to cause 

OA pain, and both structural and inflammatory changes in finger 
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joints are associated with pain (3–5). However, by which mecha-

nisms joint pathologies mediate pain is unclear.  Alterations in the 

peripheral and central sensory nervous system, called peripheral 

and central sensitization, allow pain signaling to be facilitated and 

cause an increased pain experience. These mechanisms may 

be induced by injury from, for example, mechanical pressure or 

inflammatory cytokines, and have been proposed as an explana-

tion as to why OA pain becomes chronic and persistent for a sub-

group of patients. Clinically assessed signs of pain sensitization, 

using quantitative sensory testing methods, have been found to be 

related to the presence and severity of pain in knee and hand OA 

(6,7). Pain sensitization is acknowledged as a clinically important 

treatment target. Yet, whether there are certain pathologic features 

that cause sensitization, and whether these are potential targets 

for the prevention or treatment of OA pain, is largely unknown.

OA- related tissue damage and inflammation has been asso-

ciated with peripheral sensitization to mechanical stimuli in animal 

studies (8). The excitation threshold for local nociceptors and the 

transmission of pain signals is lowered and causes increased sen-

sitivity to painful stimuli (hyperalgesia) and painful sensation from 

normally nonpainful stimuli (allodynia), consequently aggravating 

OA pain. Pain sensitization is difficult to investigate in humans 

because of the complexity of the many factors that influence 

pain perception. Sensory testing of the mechanical pressure pain 

threshold (PPT) on skin in close proximity to an affected joint is 

considered to reflect mechanisms of peripheral and/or central 

sensitization (9). Magnetic resonance imaging (MRI)–detected 

inflammation in knee OA, but not severity of radiograhic features, 

is associated with the development and worsening of local pres-

sure pain sensitivity in the knee (10). In contrast, a study on hand 

OA found that greater structural damage was associated with 

greater local sensitivity to mechanical pressure pain stimuli (11). 

However, the study sample was small (n = 13), and no data on 

inflammation were reported. Inflammation in hand OA is an impor-

tant symptom and might precede damage of cartilage and bone 

as an inducer of sensitization.

More knowledge about the mechanisms by which pain sen-

sitization occurs in OA is needed, especially for hand OA wherein 

the role of inflammation in the pathogenesis of pain sensitization 

is unknown. Hence, this study was undertaken to explore the 

cross- sectional association of structural radiographic features and 

ultrasound- detected inflammatory features with local PPTs in the 

finger joints of patients with hand OA in a large study from Norway 

and, additionally, to examine whether the observed associations 

were different between joints with pain and those without.

PATIENTS AND METHODS

Study design and population. We used baseline data 

from the Nor- Hand study, which included 300 individuals with hand 

OA. Detailed inclusion and exclusion criteria have been previously 

published (12). Participants received oral and written information 

and provided their written informed consent to  participate. The 

Norwegian Regional Committee for Medical and Health Research 

Ethics approved the study (reference no. 2014/2057).

Pressure pain threshold of painful and nonpainful 
 We tested PPTs in each participant at the follow-

ing sites in the hand: 2 joints among the distal interphalangeal 

(DIP) joints 2–5 and proximal interphalangeal (PIP) joints 1–5, the 

joint a patient reported to be “the most painful in daily life,” and a 

nonpainful joint. If none of the joints were reported to be painful, 

the joint with the most severe clinical OA (swelling and/or bony 

enlargements) was chosen for assessment. If none of the joints 

were pain free, the joint with the least pain and either no OA or 

the least clinically severe OA was chosen. A handheld algometer 

(FPIX 25; 1 cm2
 flat rubber probe) was applied in a perpendic-

ular  direction on the dorsal aspect of the joint with increasing 

pressure (0.5 kg/second). The participants were instructed to 

say “stop” when the pressure first changed to slight pain. The 

average value (kg/cm
2
) from 3 tests on each joint was recorded 

Table 1. Demographic and clinical characteristics of the 285 study 

participants at the person level and joint level*

Demographic variables
Age, median (IQR) years 61 (57–66)
Female sex 251 (88)

268 (94)
Body mass index, mean ± SD kg/m2 26 ± 5

6 (3–13)

mean ± SD (0–10)
3.8 ± 2.3

11 (4)
35 (12)
5 (2)
15 (5)

Kellgren/Lawrence sum score, median (IQR) (0–128)† 28 (16–43)
101 (35)

(IQR) (0–90)†
3 (1–7)

1 (0–3)

290 (51)
63 (11)

147 (26)

98 (17)

†

‡

§
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(12). In a  subset of 9 participants, test–retest reliability of PPT 

was found to be moderate to good (intraclass correlation coef-

ficient 0.52–0.61).

Hand radiographs. Radiographs of the bilateral pos-

teroanterior hand joints were obtained for all participants. One 

experienced reader (IKH) scored all hand joints for OA severity 

on a 0–4 scale using a modified Kellgren/Lawrence (K/L) scale 

(2) and scored the DIP/PIP joints using the Verbruggen/Veys (V/V) 

anatomical phase scoring system (13). Joints in the erosive or 

remodeling phases were defined as erosive (14). DIP/PIP joints on 

20 radiographs were reassessed for intrareader reliability, which 

was excellent (  with linear weighting = 0.92 for K/L grades 0–4; 

 = 0.98 for the absence/presence of erosions in a yes/no format).

Ultrasound. On the same day as PPT testing, a trained medi-

cal student (Nicolai Ravn Aarskog, Diakonhjemmet Hospital, Oslo, 

Norway) performed the ultrasound examinations using a Logic S8 

ultrasound machine with a linear 6–15 MHz probe and a preset for 

optimal imaging of gray-scale synovitis and power Doppler (PD) 

activity (pulse repetition frequency 0.6 kHz, frequency 7.7 MHz) 

(General Electric). Initial scorings were done in consensus with an 

experienced ultrasonographer (Alexander Mathiessen, MD, PhD, 

Diakonhjemmet Hospital, Oslo, Norway).

The hand examination was performed with the participant’s 

hands resting in a flat position. All hand joints were scanned dor-

sally with longitudinal projection from the radial to the ulnar side of 

each joint. An additional transverse scan was performed when the 

presence of pathologic features of OA was uncertain. Gray- scale 

synovitis and PD activity were scored on 0–3 scales (15). Due 

to the low frequency of grade 2–3 PD activity, we dichotomized 

this variable (grade 0 versus grades 1–3). Interreader reliability of 

the assessments of the DIP/PIP joints in 10 participants between 

the medical student (Nicolai Ravn Aarskog) and the ultrasonog-

rapher (Alexander Mathiessen) was good, determined by preva-

lence and bias–adjusted kappa values for categorical variables 

with linear weighting (  = 0.80 for gray-scale synovitis grades 0–3 

and  = 0.79 for the absence/presence of PD activity).

Statistical analysis. Our study sample includes the as-

sessment of 2 joints per participant. The PPTs of 2 joints in 1 

person are likely to correlate. To account for this within- person 

effect, mixed model regression analyses were performed. The 

association between each structural and inflammatory imaging 

feature (independent variables) and PPT (dependent variable) was 

examined with adjustment for age, sex, and body mass index, 

using beta values with 95% confidence intervals (95% CIs). To 

explore whether inflammation is a confounder in the associations 

between radiographic OA and PPTs and whether radiographic 

severity is a confounder in the associations between inflammatory 

features and PPTs, we repeated the analyses, with adjustment for 

gray-scale synovitis and K/L grade, respectively. We also explored 

whether additional adjustment for nonsteroidal antiinflammatory 

drugs (NSAIDs) altered the associations between inflammation 

and PPT. Finally, to explore how pain influences these associa-

tions, we performed separate analyses for the  painful joints and 

Table 2. Associations between OA characteristics (structural radiographic features and ultrasound- detected inflammation) and 

PPTs in the same finger joints among 570 total joints assessed*

No. (%)

 
mean ± SD 

kg/cm2
 

 
 

 

Kellgren/Lawrence 
Grade 0 187 (33) 4.9 ± 2.1
Grade 1 93 (16) 4.7 ± 2.0
Grade 2 137 (24) 4.7 ± 2.1
Grade 3 79 (14) 3.5 ± 1.6
Grade 4 74 (13) 2.9 ± 1.3

No 507 (89) 4.6 ± 2.1
Yes 63 (11) 2.9 ± 1.2

Grade 0 423 (74) 4.7 ± 2.1
Grade 1 72 (13) 3.9 ± 1.9
Grade 2 48 (8) 3.3 ± 1.2
Grade 3 27 (5) 2.5 ± 1.5

No 472 (82) 4.7 ± 2.1
Yes 98 (17) 3.1 ± 1.4

†
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the nonpainful joints. Analyses were performed using Stata soft-

ware version 15.

RESULTS

Quantitative sensory testing data were missing for 15 of 

the 300 individuals in the cohort due to equipment error (n = 9), 

incomplete examination (n = 1), and incomplete information on 

assessed joints (n = 5). Hence, 570 joints from 285 participants 

were examined in analyses (Table 1).

Radiographic OA features and PPT. As a continuous 

variable, a higher grade on the K/L scale was statistically signifi-

cantly associated with lower PPT values (  = −0.5 [95% CI −0.6, 

−0.4]). Joints with possible, definite, or severe OA observed on 

radiographs (K/L grades 2, 3, or 4, respectively), but not joints 

with doubtful radiographic OA (K/L grade 1), had significantly 

lower PPTs than joints with no radiographic OA (K/L grade 0) 

(Table  2). Similarly, the PPT values were significantly lower in 

erosive versus non- erosive joints (Table  2). Additional adjust-

ment for gray- scale ultrasound synovitis led to small reductions 

in the strength of the estimates, but the associations observed 

between OA severity on radiographs and PPT remained statisti-

cally significant (Table 2).

 Greater 

severity of gray-scale synovitis (indicated by higher synovitis 

grades) was associated with lower PPT values (  = −0.7 [95% CI 

−0.9, −0.6]). Joints assessed as having synovitis grade 1, 2, and 3 

had statistically significantly lower PPTs than joints without synovi-

tis (gray-scale synovitis grade 0), even after additional adjustment 

for K/L grade (Table 2). Similar associations were found for PD 

activity (Table 2). Additional adjustment for regular use of NSAIDs 

did not alter the results (data not shown).

Sensitivity analyses. In separate analyses of the painful 

finger joints (n = 285), the strength of the associations remained 

similar to the main analyses (Table 3).

In the nonpainful joints (n = 285), similar trends were 

observed between lower PPTs and increasing K/L grade as a 

continuous variable (adjusted  = −0.3 [95% CI −0.5, −0.1]), pres-

ence of erosions (adjusted  = −1.2 [95% CI −2.6, 0.2]), increas-

ing gray-scale synovitis grade as a continuous variable (adjusted 

 = −0.6 [95% CI −1.3, 0.0]), and presence of PD activity grades 

1–3 (adjusted  = −1.0 [95% CI −2.1, 0.2]). Pathologic features 

were less frequently present in these nonpainful joints (Table 3), 

and fewer associations reached statistical significance.

DISCUSSION

In our study, both structural and inflammatory hand OA fea-

tures, independent of each other, were associated with lower PPT 

at finger joints and may represent possible drivers of pain sensiti-

zation. We also demonstrated that the relationship between more 

severe joint disease and greater local pain sensitivity was similar in 

joints with pain and those without.

Previous hand OA studies have shown that structural fea-

tures and inflammatory severity observed on radiographs, MRI, 

and ultrasound are strongly associated with joint tenderness on 

palpation (3–5). Our results are the first to support these findings 

with a semiobjective quantitative measure of pain sensitization. 

While the Doyle Index evaluates the presence of pain elicited by 

pressure or passive joint movement on a 0–3 scale (16), PPT 

determines the exact threshold at which increasing pressure first 

feels slightly painful. PPT testing, a recognized measure of pain 

sensitivity in pain research, is more standardized and nuanced 

with a scale value and could be more sensitive to change than 

joint tenderness, though we acknowledge that the potential 

added clinical value of PPT needs further exploration.

Our results are consistent with a small study of 13 patients 

with hand OA, in whom significant correlations between K/L grade 

and PPT at the same IP joint were found (11). Other studies have 

explored the associations between knee OA pathology and local 

pain sensitivity. MRI- detected synovitis was associated with lower 

PPT at the patella and predicted a significant reduction in PPT after 

2 years (10). In contrast to the strong association we observed 

between radiographic features of OA and PPT values, several stud-

ies on knee OA have not been able to demonstrate such an associ-

ation between radiographic knee OA and PPT after adjustment for 

potential confounders and pain severity (10). While the differences 

in our results between the painful and nonpainful joints should be 

interpreted with caution due to potential issues of precision, the 

stronger associations observed with painful joints may indicate an 

important role for pain symptoms themselves beyond radiographic 

abnormalities, similar to prior findings observed at the knee.

By using the PPT testing method, we demonstrated for 

the first time that even in joints without self- reported pain, radio-

graphic structural severity and ultrasound- detected inflammatory 

severity were associated with local pain sensitivity. These new and 

important findings may indicate that pain sensitization is an early 

feature in the pathogenesis of pain. Future longitudinal studies are 

needed to explore whether a low PPT in pain- free joints predicts 

the development of self- reported pain.

A limitation of our study is its cross- sectional design. How-

ever, the observed dose- dependent associations and the unlike-

liness that pain sensitivity causes joint disease supports a true 

relationship. Further, the study population assessed in this study 

has a wide range of disease severity, which makes it possible 

to present dose- response data that otherwise could have been 

difficult to uncover. This study was confined to explore primar-

ily peripheral sensitization via joint level associations. Local PPT 

was only tested in 2 finger joints per participant, which was a 

pragmatic choice. DIP/PIP joints are the joints with the highest 

prevalence of OA, and we considered the selection of the most 
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symptomatic joint and an asymptomatic joint to be sufficient to 

represent the local mechanisms we examined. Still, it is important 

to acknowledge that a PPT assessed adjacent to a site of patho-

logic changes in an individual could also be considered a compo-

nent of the individual’s overall central pain sensitization. Although 

the results of our study imply that preventing structural changes 

and treating inflammation might have clinical consequences, the 

relationship between structural changes/inflammation and central 

sensitization is still unknown. A study investigating the relationship 

between OA joint pathologic changes in the hand and PPTs at 

distant sites with no evident disease, or utilizing other quantitative 

sensory testing modalities of central sensitization (e.g., temporal 

summation), might help in making a clear distinction between 

peripheral sensitization and central sensitization.

Our results have potential implications for future research and 

therapeutic approaches. Pain sensitization is a potential treatment 

target both indirectly and directly. Indirectly, disease- modifying drugs 

that target structural and inflammatory  disease activity could alter 

Table  3. Association between PPT values and severity levels of structural radiographic features/inflammatory 

characteristics of OA in 285 painful finger joints and 285 nonpainful finger joints*

 
mean ± SD 

kg/cm2
 

 
 

 

Kellgren/Lawrence 
Grade 0 63 4.5 ± 1.9
Grade 1 41 4.3 ± 1.8
Grade 2 62 4.6 ± 2.2
Grade 3 55 3.2 ± 1.6
Grade 4 64 2.8 ± 1.2

No 231 4.1 ± 2.0
Yes 54 2.8 ± 1.2

Grade 0 159 4.3 ± 2.0
Grade 1 57 3.8 ± 2.0
Grade 2 43 3.3 ± 1.2
Grade 3 26 2.5 ± 1.5

No 201 4.2 ± 2.0
Yes 84 3.0 ± 1.3

Kellgren/Lawrence 
Grade 0 124 5.1 ± 2.3
Grade 1 52 5.0 ± 2.1
Grade 2 75 4.8 ± 2.0
Grade 3 24 4.2 ± 1.6
Grade 4 10 3.6 ± 1.3

No 271 5.0 ± 2.1
Yes 9 3.6 ± 1.4

Grade 0 264 5.0 ± 2.1
Grade 1 15 4.3 ± 1.4
Grade 2 5 3.4 ± 1.2
Grade 3 1 3.7 ± 0

No 271 5.0 ± 2.1
Yes 14 3.9 ± 1.4

†
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pain sensitization and consequently pain. Directly,  mechanisms 

by which pain sensitization occurs are potential treatment targets 

themselves. Studies performed in recent years have revealed sev-

eral promising targets that are mediators of pain sensitization (e.g., 

nerve growth factor, tropomyosin- related kinase receptor A, and 

ion channels [1]). So far, only one clinical trial of disease or symp-

tom–modifying drugs in hand OA has included characterization 

of pain sensitization (17). Future clinical trials could benefit from 

including quantitative sensory testing of pain sensitization as a 

predictor of treatment efficacy, as a stratification tool to evaluate 

subgroup effects, or as an inclusion criterion to select the right 

pain phenotype for the intervention in question.

In summary, this is the first study to demonstrate an indepen-

dent association of structural and inflammatory hand OA features 

with lower local PPTs, indicating pain sensitization. The associ-

ations were similar in joints with pain and those without. These 

results complement preclinical evidence that pain sensitization, 

especially peripheral, might be driven by structural and inflamma-

tory features. Future research should investigate the role of pain 

sensitization as a potential target for hand OA pain  management 

or prevention.
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24 Abstract

25 Objective Pain sensitization is associated with pain severity in persons with hand 

26 osteoarthritis (OA). What contributes to pain sensitization is unclear. This study explores 

27 whether hand OA pathologies and symptom duration are related to central sensitization.

28 Method Participants with hand OA in the Nor-Hand study underwent bilateral hand 

29 radiography and ultrasound examination. Central sensitization was assessed with pressure 

30 pain thresholds (PPT) at remote sites (wrist, trapezius and tibialis anterior muscles) and 

31 temporal summation (TS). We examined whether hand OA pathologies, independent of each 

32 other, including structural severity (Kellgren-Lawrence sum score, presence of erosive hand 

33 OA), inflammatory severity (greyscale synovitis and power Doppler activity sum scores) and 

34 symptom duration, were related to central sensitization, adjusting for age, sex, body mass 

35 index, comorbidities and OA-severity of knee/hip. 

36 Results In 291 participants (88% women, median age 61, IQR 57-66 years) Kellgren-

37 Lawrence, greyscale synovitis and power Doppler activity sum scores were not associated 

38 with lower PPTs at remote sites. Persons with erosive hand OA had lower PPTs at the wrist 

39 (adjusted beta -0.75, 95%CI -1.32, -0.19) and tibialis anterior (adjusted beta -0.82, 95%CI -

40 1.54, -0.09) and had greater TS (adjusted beta 0.56, 95%CI 0.12, 1.01) compared to persons 

41 with non-erosive disease. No associations were found for symptom duration.

42 Conclusions A person’s overall amount of structural or inflammatory hand OA pathologies 

43 does not appear to drive central sensitization. Although persons with erosive hand OA 

44 showed greater signs of central sensitization, the small differences suggest that central 

45 sensitization is mainly explained by other factors than joint pathologies. 

46
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51 • Widespread hypersensitivity and temporal summation are not more common in 

52 persons with severe radiographic or inflammatory hand OA.

53 • The theory of peripheral OA disease as driver of central sensitization could not be 

54 translated in a clinical setting.
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68 Introduction 

69

70 Pain is a major concern for patients with symptomatic hand osteoarthritis (OA) that 

71 significantly reduces health-related quality of life(1). Symptomatic pain treatment can be 

72 challenging, and no disease-modifying drugs exist. Although previous research has found 

73 both structural and inflammatory features to associate with pain in the same joint, these 

74 features fail to fully explain the overall hand pain experience in hand OA(2, 3). 

75

76 Recent clinical studies have reported pain sensitization to be a clinically relevant contributor 

77 to hip and knee OA pain(4). The role of pain sensitization in hand OA is less studied. A few 

78 small-scale studies have demonstrated that peripheral and central sensitization are more 

79 common in hand OA patients than in healthy individuals(5-7). The authors of this report 

80 have previously reported data from the Nor-Hand study where the prevalence of central 

81 sensitization was 40% and peripheral and central sensitization was associated with greater 

82 hand pain severity(8), suggesting a likely clinical relevance of sensitization also in persons 

83 with hand OA. Pain sensitization involves mechanisms responsible for facilitated 

84 responsiveness of peripheral and central nociceptors to painful stimuli and to previously 

85 non-painful stimuli, causing increased pain sensitivity and pain perception(9, 10). In arthritic 

86 diseases like hand OA, chronic joint pathologies, both mechanical and inflammatory, are 

87 believed to cause peripheral sensitization with primary hyperalgesia and allodynia, and 

88 possibly over time also central sensitization with widespread hyperalgesia and allodynia(8). 

89 Experimental models of OA in animals report that both mechanical stimuli and inflammation 

90 induce peripheral sensitization as well as neuroinflammation in the central nervous system 

91 which is associated with central sensitization(11). The translation of this theory was recently 
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92 illustrated in a brief report using data the Nor-Hand study (12). These analyses showed that 

93 the severity of structural OA pathology and inflammatory severity in finger joints, 

94 independent of each other and of pain, were related to peripheral sensitization. Whether 

95 hand joint pathologies are related to clinical assessment of central sensitization like 

96 widespread hypersensitivity and temporal summation (TS) has not yet been explored. 

97

98 New OA-pain therapeutics and pain management may be developed to target sensitization. 

99 Therapeutic trials targeting OA-related pathology, including inflammation and sensitization, 

100 are ongoing(13). Along this line, identifying patients’ phenotypes will enable more 

101 individualized treatment strategies(14). To achieve these goals, we need greater 

102 understanding of the causes and mechanisms behind pain sensitization in individuals with 

103 hand OA. Hence, the current study explores the relation between structural and 

104 inflammatory hand OA pathologies as well as symptom duration to central sensitization 

105 assessed by quantitative sensory testing (QST). 

106

107 Method

108

109 Design, setting and study population

110 The Nor-Hand study is a Norwegian hospital-based hand OA cohort that includes 300 men 

111 and women aged 40-70 years with hand OA, defined as at least one interphalangeal or 

112 thumb base joint with OA on clinical and/or ultrasound examination. The main exclusion 

113 criteria were diagnoses of systemic inflammatory rheumatic diseases or hemochromatosis. A 

114 full description of the study protocol and study population has been published previously(8, 

115 15). 
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116

117 The Nor-Hand study complies with the Declaration of Helsinki and the protocol was 

118 approved by the Norwegian Regional Committee for Medical Health Research Ethics (Ref. 

119 no: 2014/2057). All participants received oral and written information about the study and 

120 provided written consent to participate.  

121

122 QST of peripheral and central sensitization

123 Two medical students performed the QST examinations. They were trained prior to the data 

124 collection and had printed protocols available to ensure that identical procedures and 

125 instructions were given to all participants. Pressure pain detection threshold (PPT) was 

126 tested with a hand-held algometer (Wagner FXPI25, 1cm2 rubber tip) at the wrist (dorsal 

127 aspects of the left radioulnar joint) and two other remote sites (mid-portions of the 

128 trapezius and tibialis anterior muscles). Each location was tested by applying the algometer 

129 in perpendicular position against the skin with rate of 0.5kg/second. The participant was 

130 instructed to indicate when the pressure first started to feel painful, and the value (kg/cm2) 

131 was recorded. The test was performed three times at each site, with an interval of 30 

132 seconds, and the average value was used in analyses. Low PPT values indicate greater 

133 sensitivity to pain, i.e., pain sensitization. PPT tested at a distant or remote non-diseased site 

134 away from the affected joint (i.e., the leg) is considered to be a measure of widespread 

135 hypersensitivity and to reflect central pain sensitization. The selection of test sites was based 

136 on previous studies of knee OA(16-18).

137

138 Temporal summation (TS) is the augmented nociceptive response to repetitive stimuli, which 

139 is a physiological phenomenon, but which can be maladaptively increased and is then 
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140 considered a marker of central sensitization. TS of pain was assessed with a train of ten 

141 stimuli at the dorsal side of the left wrist using a punctate probe (MRC Systems GmbH The 

142 PinPrick, set with seven weighted probes; 8, 16, 32, 64, 128, 256 and 512nM) at a rate of 

143 1Hz. The probe used to assess TS was determined by testing each probe sequentially in 

144 order of increasing weight to identify the probe that first yielded pain on a Numerical Rating 

145 Scale (NRS; 0-10 where 0 is no pain and 10 is worst pain imaginable) of 4 or more with a 

146 single touch of the wrist. If none of the probes reached a pain rating of 4, the 512nM 

147 (highest weight) probe was used. For the TS assessment the participants had their hands 

148 resting flat on a table with eyes closed during the test. A repetition of ten stimuli were 

149 applied at a rate of 1Hz, and the participants were instructed to rate their NRS pain on the 

150 1st, 5th and 10th tap. TS was calculated by subtracting the NRS rating of the 1st tap from the 

151 peak NRS rating of the 5th or 10th tap. We also defined TS to be present if the pain increased 

152 more than the smallest detectable change (SDC) during the test. The SDC was calculated 

153 from a test-retest of 9 participant and represents the TS value that is larger than what can be 

154 attributed to random variation or measurement error, previously calculated and described 

155 to be  2 in the Nor-Hand baseline data(8).

156

157 Inter-reader reliability of QST results between the two medical students were calculated for 

158 nine participants and found to range from poor to good (intraclass correlation coefficients, 

159 two-way mixed effects model, average measure; PPT at wrist 0.14, PPT at trapezius 0.41, PPT 

160 at tibialis anterior 0.60, TS 0.72 and kappa; presence of TS vs no TS 0.36). The results have 

161 been published previously(8).

162

163 Pathological features on radiographs and ultrasound examination
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164 Bilateral hand radiographs with posteroanterior view were obtained and scored by an 

165 experienced reader (IKH). Bilateral hand joints including the distal interphalangeal (DIP), 

166 proximal interphalangeal (PIP) including the first interphalangeal, metacarpophalangeal 

167 (MCP), first carpometacarpal (CMC1) and scaphotrapeziotrapezoidal joints were scored 

168 according to a modified Kellgren-Lawrence scale (grade 0-4)(19). The DIP and PIP joints were 

169 also scored according to the Verbuggen-Veys anatomical phase score (19, 20). As an overall 

170 score for structural hand OA severity, we calculated the Kellgren-Lawrence sum score of all 

171 hand joints (scale 0-128). Persons with at least one DIP or PIP joint(s) in the erosive or 

172 remodelled phases on the Verbuggen-Veys scale were defined as having erosive hand 

173 OA(20). The reader re-assessed 20 radiographs after mean (standard deviation, SD) of 16 (4) 

174 days with excellent reliability (weighted kappa values of 0.92 for Kellgren-Lawrence and 0.93 

175 for Verbuggen-Veys).

176

177 A trained medical student performed ultrasound examinations of both hands the same day 

178 as the QST by use of a General Electric Logic S8 ultrasound machine with a linear 6-15Mz 

179 probe and a pre-set for optimal greyscale synovitis and power Doppler (pulse repetition 

180 frequency 0.6 kHz and frequency 7.7 MHz). Initial scorings were done in consensus with an 

181 experienced ultrasonographer (AM). The examination was carried out with the participant’s 

182 hands resting on a small table. The ultrasonographer scored the dorsal side (sliding from side 

183 to side) of the bilateral DIP, PIP, MCP and CMC1 joints with longitudinal projection. An 

184 additional transverse scanning was carried out when presence of pathology was uncertain. 

185 Greyscale synovitis and power Doppler signals were scored on semi-quantitative 0-3 

186 scales(21). As overall scores for the severity of inflammation, we calculated greyscale 

187 synovitis and power Doppler activity sum scores of all joints (0-90), respectively. A subset of 
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188 ten participants were examined by both the medical student and the expert (AM) with good 

189 inter-reader reliability (prevalence and bias adjusted kappa values for ordinal scales of 0.82 

190 for greyscale synovitis and 0.87 for power Doppler activity). 

191

192 Using the same settings, on a General Electric Logic E9 ultrasound machine, another medical 

193 student examined bilateral hips and knees with the participant resting in supine position on 

194 an examination bed with the hips and knees extended and the feet in neutral position. The 

195 hip was evaluated in a longitudinal scan along the femoral neck. Osteophytes, defined as a 

196 definite irregularity of the bone cortex located at the femoral head and/or neck, were scored 

197 on 0-3 scales(22). The knees were evaluated for osteophytes at the medial and lateral bone 

198 margins of the tibiofemoral joint (scored 0-3 in each compartment; 0=no, 1=small, 

199 2=medium, 3=large osteophytes) scanned longitudinally. Inter-reader reliability between the 

200 student and an experienced ultrasonographer (HBH) of a subset of 10 participants was 

201 moderate for hip and knee combined (weighted kappa 0.57).

202

203 Symptom duration

204 The participants responded to a questionnaire including the question “Which year did you 

205 first notice hand OA symptoms?” Symptom duration was calculated as year of baseline 

206 examination minus recalled first year of hand OA symptoms.

207

208 Covariates

209 We recorded age and sex and calculated body mass index based on measured height and 

210 weight (BMI; kg/m2). The severity of hip and knee OA was defined as the sum of the 
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211 osteophyte-grades on ultrasound examination in each hip and highest graded osteophyte in 

212 each of the knees (total knee/hip OA scale: 0-12). To assess the burden of comorbidities we 

213 used the Self-Administered Comorbidity Questionnaire (scale 0-45)(23). Finally, we gathered 

214 data of regular use (yes/no) of non-steroidal anti-inflammatory drugs (NSAIDs) through 

215 questionnaires.

216

217 Statistical analyses

218 We used regression analyses to examine whether joint pathologies and symptom duration 

219 as explanatory variables were associated with QST results as outcome variables. For 

220 continuous outcome variables (PPTs and TS) we used linear regression and for the 

221 dichotomized outcome (presence of TS) we used logistic regression. Explanatory variables 

222 were studied categorically based on group tertiles (Kellgren-Lawrence sum score, greyscale 

223 synovitis sum score, power Doppler activity sum score and symptom duration) or predefined 

224 categories (presence of erosive hand OA). We also examined the linear associations of 

225 continuous explanatory variables (Kellgren-Lawrence sum score, greyscale synovitis sum 

226 score, power Doppler activity sum score and symptom duration) per increase in one 

227 standard deviation (SD). All analyses were adjusted for age, sex, BMI, total hip/knee OA and 

228 comorbidities. Hip/knee OA represents a possible confounding bias as those with comorbid 

229 hip/knee OA are more likely to have hand OA and hip/knee OA also might be a contributor 

230 to central sensitization. To evaluate the independent role of hand OA pathology on 

231 sensitization we adjusted for hip/knee OA. In addition, the analyses of structural severity 

232 were adjusted of inflammation (greyscale synovitis sum score) and vice versa, and the 

233 analyses of symptom duration were adjusted for both Kellgren-Lawrence sum score and 

234 greyscale synovitis sum score. Sensitivity analyses of inflammatory features including 
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235 adjustment for use of NSAIDs and interaction analyses of all covariates were also performed. 

236 Missing Kellgren-Lawrence scores due to trapeziectomy or arthrodesis were replaced with 

237 grade 4 (11 joints), while missing scores due to amputation (17 joints) and joint outside the 

238 x-ray image (1 joint) were replaced with the mean of available scores. Missing grey scale 

239 synovitis and power Doppler activity scores were replaced with the mean of available scores 

240 (trapeziectomy 5 joints, amputation 16 joints, unknown reason 5 joints). We used STATA SE 

241 14.0 and p-values of <0.05 were considered statistically significant. 

242

243 Results

244

245 Characteristics of the study population

246 In total, 291 of 300 participants were eligible for analyses. Nine participants did not 

247 complete the QST due to a technical error of the equipment. Because of missing data (n=22), 

248 the analyses on symptom duration included 269 participants.  

249

250 Characteristics of the study population are shown in Table 1. The majority of the study 

251 population were women (88%) and fulfilled the ACR criteria for hand OA (93%). The 

252 participants had a wide range in symptom severity, symptom duration, structural OA 

253 severity and synovitis. PPT values were higher at tibialis anterior (mean 5.5kg/cm2, SD 2.6) 

254 than at the wrist (mean 4.4kg/cm2, SD 2.0) and trapezius (mean 4.4kg/cm2, SD 2.0). Presence 

255 of TS was observed in 42% (N=122) of the study population while median TS was 1 

256 (interquartile range 0-2) and ranged from 0 to 7.

257

258 Associations between structural and inflammatory hand OA features and remote PPTs 
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259 Participants with erosive hand OA had lower PPT at the wrist and the tibialis anterior muscle 

260 but not at the trapezius muscle (Table 2) compared to those with non-erosive hand OA. 

261 Kellgren-Lawrence, greyscale synovitis and power Doppler activity sum scores were not 

262 associated with PPT at the radioulnar joint, the trapezius or tibialis anterior muscles (Table 

263 2).

264

265 Associations between structural and inflammatory hand OA features and TS

266 Although persons with erosive disease had slightly greater TS than those without (Table 3), 

267 presence of TS was not more common in persons with erosive (44%) versus non-erosive 

268 (42%) hand OA. Persons in the most extreme tertiles with regards to Kellgren-Lawrence, 

269 greyscale synovitis and power Doppler sum scores had higher odds of having presence of TS 

270 compared to those in the lowest tertiles, but the results were not statistically significant 

271 (Table 3).

272

273 Sensitivity analyses including adjustment for regular use of NSAIDs did not alter any results. 

274 We found no consistent interactions with age, BMI, sex, comorbidities or total hip/knee OA. 

275 Further, there were no significant interactions between inflammation and structural 

276 pathology when included in the same models.

277

278 Association between symptom duration and QST

279 One third (86/269, 32%) reported symptom duration of more than 10 years. There were no 

280 associations between symptom duration and PPT of any of the test sites (Table 3). Those 

281 with symptom duration in the highest tertile ( 10 years) had only slightly higher >
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282 prevalence of TS than those in the lowest tertile (48% versus 42%) and the associations were 

283 not statistically significant (Table 3).

284

285 Discussion

286

287 This study explored the relation of the total amount of structural and inflammatory OA 

288 features in the hands to QST measures of central pain sensitization. We could not find any 

289 relevant associations between the sum of radiographic pathologies or ultrasound-detected 

290 inflammation in the hands, and PPTs at remote sites or TS. Hence, other factors than hand 

291 OA joint pathologies appear to drive central pain sensitization.

292

293 Several mediators in the OA joint have been identified as causes of peripheral sensitization, 

294 such as nerve growth factor (NGF), which sensitizes peripheral nociceptors following joint 

295 tissue damage and inflammation(24, 25). PPT at DIP and PIP joints in hand OA patients are 

296 lower the higher the KL grade(5). We have previously shown that also inflammatory hand OA 

297 severity is associated with local PPT(12), supporting the translational evidence from basic to 

298 clinical science that peripheral pathology drives peripheral sensitization(26). 

299

300 Less is known about peripheral drivers of central sensitization, but animal experiments 

301 illustrate a possible link between OA joint pathology and central sensitization(27-29). In 

302 humans, activation of brain areas related to central pain sensitization has been found in 

303 hand OA patients and not healthy controls during painful hand exercises during functional 

304 magnetic resonance imaging(6). Previous clinical studies using QST, where none have 

305 focused on hand OA, show conflicting results. A longitudinal knee OA study found that knee 
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306 effusion was associated with decrease in PPT at the wrist (i.e., increased sensitivity at a 

307 remote site) and incident TS, while another study showed no association between tissue 

308 damage, i.e., radiographic OA and bone marrow lesions, and remote PPTs or TS(16, 30). No 

309 differences in remote PPT values or TS were found between persons with different levels of 

310 finger joint pathology sum scores in our study. Interestingly, we found an association 

311 between erosive hand OA and central sensitization, where those with erosive hand OA 

312 showed greater TS and lower PPT at distant sites. However, the clinical relevance of this 

313 finding seems minimal. Persons with erosive hand OA had 0.5 points greater TS, which is 

314 below the SDC of 2 or more, which represent the smallest TS that is greater than the random 

315 variation or measurement error. Further, using our results from previous published 

316 analyses(8), this TS value corresponds to 0.1 points higher NRS hand pain, which is not 

317 considered clinically relevant. Hence, although the results are borderline statistically 

318 significant, the clinical relevance is doubtful. 

319

320 Our results do not rule out that hand OA pathology could drive spinal and supraspinal 

321 mechanisms of sensitization that influence hand pain severity. Yet, in clinical settings where 

322 QSTs is the most feasible measures of central sensitization available, the lack of association 

323 with measures of widespread sensitivity and temporal summation indicates that other 

324 factors than the joint disease itself seem important and need to be investigated to 

325 understand the role of central sensitization on chronic hand OA pain. Genetics and 

326 epigenetics might cause individual predisposition to pain sensitization(31, 32). Co-

327 morbidities and generalized OA might be more important for central sensitization for some 

328 individuals, while psychological and social factors and different coping skills might contribute 
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329 to the enhanced expression of the pain experience that may or may not be related to pain 

330 sensitization for others(31, 33). 

331

332 The mechanisms and time-related factors underlying the transition from acute to chronic 

333 pain is not understood. Beside a weak trend, no association between symptom duration and 

334 central sensitization was found in the present study. Previous knee OA studies have shown 

335 conflicting results(16, 34). In patients with established rheumatoid arthritis (more than 10 

336 years disease duration), localized PPT tested at the thumb nail was significantly lower than in 

337 those with shorter disease duration(35). Theoretically, disease severity of OA might drive 

338 peripheral and central sensitization at an earlier time in the disease course, while joint 

339 pathologies may be less relevant at later stages when neuroplasticity may be lost, and 

340 sensitization may be maintained by other factors. Although our study suggests no 

341 relationship, prospective studies are needed to draw conclusions.

342

343 The strength of our study is the large study population, the broad examination of joint 

344 pathologies and the extensive QST assessment making it possible to evaluate central pain 

345 mechanisms. Also, we were able to adjust for important confounders, such as other 

346 comorbidities and knee/hip OA, which may also contribute to central sensitization(36).

347

348 The main limitation of this study is the cross-sectional design and lack of healthy controls, 

349 making us unable to conclude about causal relationships. Second, inter-reader reliabilities of 

350 the QSTs were not optimal. Calculations were based on only 9 participants, making the 

351 results sensitive to few discordant measurements. Others have achieved excellent reliability 

352 of PPT and TS of the forearm using the same equipment and method as in our study(37). The 
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353 majority of the examinations were conducted by one of the examiners (n=214). Another 

354 important limitation is the self-reported onset year of hand OA symptoms, which is prone to 

355 recall bias. Finally, the ultrasound examinations provide only a snapshot of the current 

356 inflammation, which cannot inform us about the total burden of joint inflammation during 

357 the course of the disease. Inflammation early in the disease-course might have been 

358 important for the development of central sensitization, even though the cross-sectional 

359 analyses are negative.

360

361 Our study could not demonstrate any clinically relevant associations between radiographic 

362 OA severity or ultrasound-detected inflammation and remote PPTs or TS. This implies that 

363 while hand OA joint pathologies seem to drive peripheral sensitization, they appear to 

364 contribute less to central sensitization. Mechanisms contributing to central sensitization may 

365 therefore be distinct from those contributing to peripheral sensitization in OA.

366
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493 Table 1. Demographics and clinical characteristics, n=291

Characteristics Value

Sex, n (%) women 257 (88)

Age, years, median (IQR) 61 (57-66)

BMI, mean (SD) kg/m2 26.4 (4.8)

Fulfil ACR criteria for hand OA, n (%) 271 (93)

NRS hand paina, mean (SD) [0-10] 3.8 (2.3)

Radiographic severity (number of joints with KL 2), median (IQR) [0-32] 9 (4-14)

KL hand sum score, median (IQR) [0-128] 28 (16-43)

Erosive OA, presence of erosive OA in at least one DIP/PIP joint, n (%) 102 (35)

GS synovitis sum score, median (IQR) [0-90] 3 (1-7)

PD activity sum score, median (IQR) [0-90] 1 (0-4)

GS synovitis joint count, median (IQR) [0-30] 1 (0-2)

PD activity joint count, median (IQR [0-30] 1 (0-3)

Symptom durationb, median (IQR) years 6 (3-13)

Comorbidity index, mean (SD) [0-45] 9 (4)

Knee and hip OA severity, median (IQR) [0-12] 2 (1, 4)

BMI; body mass index, ACR; American College of Rheumatology, NRS; numerical rating scale, PPT; pressure 

pain threshold, KL; Kellgren Lawrence grading, OA; osteoarthritis, GS; grey Scale, PD; Power Doppler. 
aN=290, bN=269. 
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504 Table 2. Associations of joint pathology and symptom duration with pressure pain thresholds

PPT radioulnar joint PPT trapezius PPT tibialis anterior

 
Mean 

(SD)

Adjusted beta 

(95% CI)

Mean 

(SD)

Adjusted beta 

(95% CI)

Mean 

(SD)

Adjusted beta (95% 

CI)

KL sum scorea 

0-20 (n=98) 4.4 (2.1) Ref. 4.3 (2.1) Ref. 5.7 (2.6) Ref.

21-37 

(n=99) 4.5 (2.2)  -0.01 (-0.59, 0.58) 4.4 (2.1) 0.03 (-0.56, 0.62) 5.5 (2.7)  -0.28 (-1.02, 0.47)

>37 (n=94) 4.4 (1.8)  -0.18 (-0.92, 0.57) 4.3 (1.9)  -0.15 (-0.87, 0.57) 5.4 (2.4)  -0.53 (-1.44, 0.38)

Continuous  -0.24 (-0.54, 0.06)  0.02 (-0.29, 0.33)  -0.24 (-0.62, 0.15)

Erosive phenotypea 

No (n=189) 4.6 (2.1) Ref. 4.4 (2.1) Ref. 5.7 (2.7) Ref.

Yes (n=102) 4.2 (1.8) -0.75 (-1.32, -0.19) 4.3 (1.9) -0.38 (-0.86, 0.29) 5.2 (2.2) -0.82 (-1.54, -0.09)

GS sum scoreb

0-2 (n=119) 4.3 (2.0) Ref. 4.3 (2.2) Ref. 5.5 (2.8) Ref.

3-7 (n=89) 4.6 (2.1) 0.21 (-0.35, 0.76) 4.6 (2.1) 0.24 (-0.31, 0.80) 5.6 (2.6)  -0.04 (-0.74, 0.66)

>6 (n=83) 4.5 (1.9) 0.27 (-0.38, 0.93) 4.2 (1.7)  -0.22 (-0.88, 0.44) 5.5 (2.3) 0.13 (-0.70, 0.97)

Continuous  0.15 (-0.18, 0.43)  -0.12 (-0.40, 0.16)  0.12 (-0.23, 0.48)

PD sum scoreb

0 (n=108) 4.2 (1.8) Ref. 4.3 (2.1) Ref. 5.4 (2.6) Ref.

 1-3 

(n=109) 4.6 (2.3) 0.33 (-0.20, 0.86) 4.5 (2.2)  -0.01 (-0.54, 0.52) 5.7 (2.7) 0.16 (-0.51, 0.83)

>3 (n=74) 4.5 (2.0) 0.27 (-0.38, 0.91) 4.3 (1.7)  -0.24 (-0.89, 0.41) 5.5 (2.4) 0.06 (-0.76, 0.88)

Continuous  0.07 (-0.20, 0.33)  -0.18 (-0.45, 0.08)  0.11 (-0.22, 0.44)

Symptom durationc

0-4 (n=109) 4.5 (2.1) Ref. 4.5 (2.0) Ref. 4.5 (2.0) Ref.

5-10 (n=74) 4.4 (2.0)  -0.14 (-0.72, 0.43) 4.5 (2.3) 0.07 (-0.52, 0.66) 4.5 (2.3)  -0.04 (-0.79, 0.71)

>10 (n=86) 4.4 (1.8)  -0.11 (-0.72, 0.50) 4.1 (1.9)  -0.39 (-1.01, 0.23) 4.1 (1.9)  -0.20 (-0.98, 0.59)

Continuous  - 0.01 (-0.25, 0.28)  -  -0.14 (-0.41, 0.13)  - 0.08 (-0.26, 0.43)

PPT; pressure pain threshold, KL; Kellgren Lawrence grading, GS; grey Scale, PD; Power Doppler. Explanatory variables 

are reported as group tertile categories and as continuous values. Continuous values are reported as increase per SD. 

All analyses are adjusted for age, sex, BMI, comorbidities and generalized OA (knee and hip OA severity). Additional 

adjustment of aGS sum score, bKL sum score and cboth. Results with p-value <0.05 are shown in bold.
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506 Table 3. Associations of joint pathology and symptom duration with temporal summation

507

508

Presence of TS Change in TS

N (%) Adjusted OR (95% CI) Mean (SD) Adjusted beta (95% CI)

KL sum scorea  

0-20 (n=98) 41 (42) Ref. 1.6 (1.6) Ref.

21-37 (n=99) 42 (42) 1.19 (0.63, 2.22) 1.5 (1.7) 0.07 (-0.39, 0.53)

>37 (n=94) 39 (41) 1.24 (0.57, 2.69) 1.6 (1.6) 0.27 (-0.29, 0.83)

Continuous  - 1.08 (0.76, 1.50) - 0.23 (-0.02, 0.47)

Erosive phenotypea  

No (n=189) 77 (41) Ref. 1.5 (1.5) Ref.

Yes (n=102) 45 (44) 1.51 (0.81, 2.80) 1.7 (1.8) 0.56 (0.12, 1.01)

GS sum scoreb  

0-2 (n=119) 45 (38) Ref. 1.4 (1.7) Ref.

3-7 (n=89) 40 (45) 1.71 (0.93, 3.15) 1.7 (1.6) 0.32 (-0.11, 0.75)

>6 (n=83) 37 (45) 1.84 (0.90, 3.77) 1.7 (1.6) 0.21 (-0.30, 0.72)

Continuous - 1.07 (0.80, 1.44) - -0.06 (-0.28, 0.17)

PD sum scoreb  

0 (n=108) 49 (45) Ref. 1.6 (1.8) Ref.

 1-3 (n=109) 39 (36) 0.75 (0.42, 1.33) 1.5 (1.6)  -0.06 (-0.47, 0.35)

>3 (n=74) 34 (46) 1.24 (0.62, 2.47) 1.7 (1.5) 0.04 (-0.46, 0.54)

Continuous - 0.99 (0.75, 1.31) - -0.06 (-0.27, 0.15)

Symptom durationc   

0-4 (n=109) 46 (42) Ref. 1.5 (1.7) Ref.

5-10 (n=74) 29 (39) 0.86 (0.45, 1.63) 1.8 (1.7) 0.02 (-0.44, 0.48)

>10 (n=86) 41 (48) 1.29 (0.66, 2.51) 1.4 (1.3) 0.18 (-0.31, 0.67)

Continuous   - 1.11 (0.83, 1.49) - 0.07 (-0.14, 0.28)

TS; temporal summation, KL; Kellgren Lawrence grading, GS; grey Scale, PD; Power Doppler. Explanatory variables 

are reported as group tertile categories and as continuous values. Continuous values are reported as increase per 

SD. All analyses are adjusted for age, sex, BMI, comorbidities and generalized OA (knee and hip OA severity).  

Additional adjustment of aGS sum score, bKL sum score and cboth.  Results with p-value <0.05 are shown in bold.
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