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Abstract

Objective. To characterize neuropathic-like pain among individuals with or at risk for knee osteoarthritis. Subjects. One
hundred eighty-four individuals who self-identified as non-Hispanic black or non-Hispanic white and presented with
unilateral or bilateral knee pain. Design. Neuropathic-like pain was assessed using the painDETECT, and those with high
vs low neuropathic-like pain were compared on clinical pain, psychological symptoms, physical function, and quantita-
tive sensory testing. Analyses were unadjusted, partially and fully adjusted for relevant covariates. Results. Thirty-two
(17.4%) participants reported experiencing neuropathic-like pain features above the painDETECT clinical cut-score. The
neuropathic-like pain group reported significantly greater pain severity on all measures of clinical pain and higher lev-
els of psychological symptoms when fully adjusted for covariates, but no differences emerged for disability and lower
extremity function. The neuropathic-like pain group also reported greater overall heat pain ratings during the heat pain
threshold and increased temporal summation of heat pain in the fully adjusted model. Additionally, those with
neuropathic-like pain symptoms reported greater painful after-sensations following heat pain temporal summation in
all analyses. No significant group differences in pressure pain threshold emerged at any of the testing sites. In contrast,
temporal summation of mechanical pain was significantly greater at both the index knee and the ipsilateral hand for
the neuropathic-like pain group in all analyses. Conclusions. Participants with or at risk for knee osteoarthritis who
reported high neuropathic-like pain experienced significantly greater clinical pain and increased heat and mechani-
cal temporal summation at the index knee and other body sites tested, suggesting central sensitization.
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Introduction

Osteoarthritis (OA) affects 27 million adults in the

United States, making OA a leading cause of chronic

pain, functional limitations, and disability [1,2]. OA of

the knee is most prevalent [3] and has doubled since the

mid-20th century, due in part to increased age and
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obesity [4,5]. However, knee OA is typically considered

a localized joint disease driven primarily by peripheral

nociceptive input, which has not explained the wide-

spread discordance between radiographic evidence of

joint changes and knee pain severity, disability, or the

suboptimal treatment response of OA [6].

Efforts to improve treatment outcomes involve eluci-

dating the peripheral and central mechanisms contributing

to the pain experience, as well as phenotyping pain in indi-

viduals with OA [7]. Thus, mechanism-based pain assess-

ment using quantitative sensory testing (QST) and

measures of pain characteristics, such as the painDETECT

[8], are being employed to identify mechanisms contribut-

ing to knee OA pain and disability [9,10]. Indeed, approx-

imately 19–28% of individuals with knee OA experience

neuropathic-like pain symptoms, based on the

painDETECT, a validated tool to assess neuropathic-like

pain features in individuals with chronic pain conditions

[9,11–13]. Neuropathic-like pain symptoms in individuals

with knee OA are associated with increased pain levels,

decreased function, and QST findings, suggesting central

sensitization [9,10]. However, the extent of central sensiti-

zation is unclear, as prior findings have been focused on

testing of the knee. Moreover, whether neuropathic-like

symptoms are associated with multiple aspects of psycho-

social functioning has not been determined.

To better understand neuropathic-like pain qualities,

a multimodal assessment approach is needed, including

dynamic measures of QST (e.g., temporal summation

measures, conditioned pain modulation) and measure-

ment of key psychosocial, functional, and disability fac-

tors. Therefore, the purpose of the present study is to

comprehensively investigate neuropathic-like pain symp-

toms in a community-based sample of non-Hispanic

black and non-Hispanic white individuals with or at risk

for knee OA. This study is the first to incorporate a com-

prehensive battery of measures to compare clinical pain,

physical function, psychological symptoms, and QST

profiles among those who scored high vs low on the

painDETECT. Further, the study adds to the literature by

adjusting for influential covariates that are related to

neuropathic-like pain symptoms [4]. In particular, be-

cause pain severity is higher among patients with

neuropathic-like pain [9,10,14–16], any differences be-

tween groups with neuopathic-like vs non-neuropathic-

like pain could be attributed to the greater pain severity

in the former. Therefore, we include analyses that adjust

for pain severity in order to determine whether differen-

ces associated with neuropathic-like pain persist even af-

ter the greater pain severity of these individuals is

controlled. This would provide at least indirect evidence

that features of neuropathic-like pain above and beyond

pain intensity are associated with the outcome measures.

We hypothesized that neuropathic-like pain would be

associated with a QST profile reflecting central

sensitization and with higher levels of clinical pain, dis-

ability, and psychological symptoms.

Methods

Design
The current study is a substudy of a larger ongoing obser-

vational cohort study that aims to elucidate the mecha-

nisms underlying racial/ethnic group differences in knee

pain being conducted at the University of Florida (UF)

and the University of Alabama at Birmingham (UAB). All

procedures were reviewed and approved by the

Institutional Review Boards at UF and UAB.

Study Participants
Participants were 184 community-dwelling adults be-

tween 45 and 85 years of age who self-identified as non-

Hispanic black or non-Hispanic white, presented with

unilateral or bilateral knee pain, and screened positive

for clinical knee OA [17]. This screening questionnaire

showed 87% sensitivity and 92% specificity for radio-

graphically confirmed symptomatic knee OA [18]. All

participants were negative for other rheumatologic con-

ditions (e.g., rheumatoid arthritis, fibromyalgia) that

could explain knee pain. Given widespread variability in

definitions of OA [19], we adopted this approach to be

as inclusive as possible in recruitment, as our primary fo-

cus is on understanding factors associated with knee pain

rather than OA pathophysiology itself. Moreover, be-

cause this prospective observational study is designed to

evaluate progression of OA-related symptoms, we sought

to enroll a cohort with a broad range of OA characteris-

tics, from very early signs to advanced disease.

Participants were recruited through the community

via multiple advertisement methods (e.g., posted fliers)

and clinic-based methods. Participants were excluded for

the following self-reported conditions: 1) prosthetic knee

replacement or other clinically significant surgery to the

arthritic knee; 2) uncontrolled hypertension; 3) heart dis-

ease; 4) peripheral neuropathy in which pain testing was

contraindicated; 5) systemic rheumatic disorders includ-

ing rheumatoid arthritis, systemic lupus erythematosus,

gout, and fibromyalgia; 6) neurological diseases such as

Parkinson’s, multiple sclerosis, stroke with loss of sen-

sory or motor function, or uncontrolled seizures; 7) sig-

nificantly greater pain in body sites other than the knee;

8) daily opioid use; 9) hospitalization within the preced-

ing year for psychiatric illness; or 10) pregnant or

nursing.

Procedures
Participants completed a health assessment session (HAS)

followed by a QST session approximately nine days apart

(Figure 1).

Health Assessment Session

Individuals participated in an HAS where they provided

informed consent, completed health and pain history

questionnaires, and their height and weight were

obtained and body mass index (BMI) calculated.
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Participants were included if they reported knee pain and

fulfilled at least one additional criterion for knee OA us-

ing the American College of Rheumatology clinical crite-

ria for symptomatic knee OA [17]. The participants’

most painful knee was designated as the index knee for

QST procedures. Participants completed the validated

Short Physical Performance Battery (SPPB) [20], a mea-

sure of lower extremity function.

Quantitative Sensory Testing

Laboratory sessions lasted two to two and a half hours,

and trained experimenters performed all procedures.

Stimulus parameters for QST were based on procedures

described previously [21].

Heat Pain Testing

Heat stimuli were delivered to the ipsilateral ventral fore-

arm and the medial joint line of the index knee using a

16�16-mm thermode attached to a Medoc Pathway

Thermal Sensory Analyzer (Ramat Yishai, Israel). Heat

testing assessed the first sensations of warmth (i.e.,

warmth threshold), first sensation of pain (i.e., heat pain

threshold), and the point at which pain could no longer

be tolerated (i.e., heat pain tolerance). Each trial began at

the baseline temperature (32�C), and the temperature

gradually increased (0.5�C/sec) until the participant

pressed a button to indicate their response. Participants

also provided a pain rating (0–100 numeric rating scale

[NRS]; 0¼ no pain and 100¼most intense pain imagin-

able) for each trial of heat pain threshold and tolerance.

The mean or trimmed mean temperature from the three

trials within 3�C was used for analysis.

Temporal Summation of Heat Pain

Participants provided pain ratings after each of five heat

pulses at each of three separate temperatures (i.e., 44�C,

46�C, 48�C) delivered using a contact heat-evoked

potential stimulator thermode. Each trial started at base-

line temperature (35�C), and the temperature increased

rapidly (20�C/sec) to the target temperature (i.e., 44�C,

46�C, 48�C). Participants were asked to rate any pain

after-sensations 15 seconds following the fifth stimulus

for each temperature. The procedure was terminated if

the participant provided a rating of 100 or requested to

stop. Temporal summation of heat pain was calculated

by subtracting the first trial rating from the maximum

rating provided during the series of five trials.

Pressure Pain

Pressure pain threshold was assessed at the medial and

lateral joint lines of the index knee, ipsilateral quadri-

ceps, and trapezius muscle, with site order randomly

counterbalanced. Three pressure pain threshold trials

were conducted at each site and averaged for data analy-

sis. Using a digital, handheld, clinical-grade pressure

algometer (Algomed, Medoc, Ramat Yishai, Israel), the

examiner applied a constant rate (30 kPa/sec) of pressure,

and the participant pressed a button when the sensation

first became painful. A trial terminated when the partici-

pant reported pain or reached the maximum pressure

level (600 kPa for knee sites and 1,000 kPa for all other

sites).

Punctate Mechanical Pain

A nylon monofilament (Touchtest Sensory Evaluator

6.65) calibrated to bend at 300 grams of pressure was ap-

plied at the patella of the index knee and the dorsal as-

pect of the ipsilateral hand. Order of testing sites was

randomized. Participants provided a pain rating (0–100)

following a single contact of the monofilament, after

which they provided another pain rating following a se-

ries of 10 contacts at a rate of one contact per second.

The mean difference between the pain ratings for the sin-

gle vs series of 10 contacts reflected temporal

summation.

Conditioned Pain Modulation

For the test stimulus, pressure pain threshold was

assessed on the left trapezius as described above. For the

conditioning stimulus, participants immersed the right

hand for 60 seconds in a cold water bath maintained at

12�C by a refrigeration unit (Neslab, Portsmouth, NH,

USA). Pressure pain threshold was assessed before im-

mersion and after 30 seconds of hand immersion. To

operationalize conditioned pain modulation (CPM), the

pre-immersion pressure pain threshold was subtracted

from the pressure pain threshold obtained during cold

water immersion, such that higher scores reflect greater

pain inhibition.

Questionnaires
Questionnaires assessing clinical pain, disability, and

psychological functioning were administered at various

• Heat Pain 
• Temporal Summa�on of Heat Pain 
• Pressure Mechanical Pain 
• Punctate Mechanical Pain 
• Condi�oned Pain Modula�on 

• Debriefing 

• Informed Consent/Screening 
• Health History Ques�onnaire 
• Pain History Ques�onnaire 
• Physical Examina�on 
• Short Physical Performance Ba�ery 

Figure 1. Study procedures.
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times throughout the multisession protocol to reduce par-

ticipant burden.

Measures of Clinical Pain and Function

painDETECT

The painDETECT consists of nine items that evaluate

pain quality, pattern, and radiation and was developed

and validated for the purpose of identifying neuropathic-

like elements of pain [8]. Scores range from –1 to 38,

with higher scores being suggestive of neuropathic-like

pain. The painDETECT was originally developed for use

in persons with low back pain, but it has been used in a

number of clinical populations, including knee OA [22].

The developers determined values for sensitivity, specific-

ity, and predictive accuracy of 80–84% in a group of

patients with mixed pain conditions using the following

cutoff points relative to pain health care providers’ clini-

cal assessments: Scores �19 indicate likely neuropathic-

like pain. In the current study, participants were asked to

think about their knee pain on the side that bothers them

the most (i.e., index knee) when completing the

painDETECT.

Pain Sites

Participants identified body areas, in addition to the

knee, where they experienced pain on more days than

not over the past three months. The areas were summed

to determine the total number of pain sites.

Western Ontario and McMaster Universities

Osteoarthritis Index

The Western Ontario and McMaster Universities

Osteoarthritis Index (WOMAC) is a reliable (Cronbach’s

alpha � 0.80) and well-validated measure of lower ex-

tremity pain and function in persons with OA [23,24].

The WOMAC assesses symptoms of knee OA in the past

48 hours.

Graded Chronic Pain Scale

The Graded Chronic Pain Scale (GCPS) is a seven-item

scale that evaluates global pain severity and pain-related

interference over the past six months. The GCPS yields a

“characteristic pain intensity” score and an overall

“disability” score [25]. With a 0–10 NRS, participants

rated the intensity of their current knee pain and their

worst and average pain during the past six months. These

three items were averaged and multiplied by 10 to gener-

ate a characteristic pain intensity score. Using the same

scale, participants rated the degree to which their knee

pain interfered with daily activities during the past six

months, which was averaged and multiplied by 10 to

generate a disability score.

Revised Short-Form McGill Pain Questionnaire

Participants completed the Revised Short-Form McGill

Pain Questionnaire (SF-MPQ-2) by rating the extent to

which their pain was consistent with 22 pain descriptors

in the past week [26].

Short Physical Performance Battery

The SPPB is a standardized measure of lower extremity

function [20]. Its measures include standing balance,

four-meter gait speed, and chair-rising tasks. Subscale

scores and the summary performance scores are calculated

with lower scores indicating poorer function. A 0–100

knee pain rating was obtained during each task [27].

Psychological Questionnaires

Coping Strategies Questionnaire–Revised

The Coping Strategies Questionnaire–Revised (CSQ-R)

Pain Catastrophizing subscale assesses the helplessness

dimension of catastrophizing. The reliability and validity

of the CSQ-R subscales have previously been shown to

be acceptable [28,29].

Patient Health Questionnaire 15-Item Somatic Symptom

Severity Scale

The Patient Health Questionnaire 15-Item Somatic

Symptom Severity Scale (PHQ-15) is a somatic symptom

subscale derived from the full PHQ; each symptom is

scored from 0 (“not bothered at all”) to 2 (“bothered a

lot”) [30].

Patient-Reported Outcomes Measurement Information

System Anxiety and Depression

Patient-Reported Outcomes Measurement Information

System (PROMIS) Anxiety and Depression [31] measures

self-reported symptoms of anxiety and depression over

the past seven days using a five-category numerical scale,

ranging from 1 (never) to 5 (always).

Data Analysis
As in previous studies [9,22], participants with

painDETECT scores �19/38 were included in the

neuropathic-like pain group, whereas participants with

painDETECT scores �18 comprised the non-

neuropathic-like pain group. Using SPSS software, ver-

sion 25 (IBM, Chicago, IL), the Student t test and chi-

square test for independence analyses were conducted to

determine group differences in participant characteristics

(e.g., demographic factors), one-way analysis of variance

(ANOVA), and analysis of covariance (ANCOVA) for

analysis of outcome variables. Group differences on all

continuous variables were examined first with unad-

justed analyses, followed by partially adjusting for demo-

graphic and anthropometric covariates (site, age,

education, race, and BMI), then by fully adjusting for

these same covariates plus clinical pain severity (site, age,

education, race, BMI, and Graded Chronic Pain Scale

pain intensity) in order to demonstrate whether group

differences were robust to adjustment for these covari-

ates, including the impact of covarying for pain severity.
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Few studies adjust for influential covariates [32], with

many studies not adjusting for any covariates [9, 16] or

minimally adjusted [14]. Data were evaluated to deter-

mine if they met the assumption of normality using the

Shapiro-Wilk test. Non-normal data were identified and

were log-transformed before being analyzed. The results

were similar for all outcome variables, except for three

variables that went from frankly to marginally statisti-

cally significant and one variable that went from non-

significant to significant. However, the analyses

conducted with the log-transformed variables did not

change the interpretation of the data; therefore, we

choose to retain the original data format. Statistical sig-

nificance for all tests was set at a P value <0.05. Data on

heat pain tolerance and heat pain tolerance ratings in

both the knee and arm were excluded for one participant

in the neuropathic-like pain group and two participants

in the non-neuropathic-like pain group due to invalid

data resulting from not following instructions.

Results

Participant Characteristics
Thirty-two (17.4%) participants were classified as hav-

ing neuropathic-like pain features. Table 1 presents

group comparisons on demographic and other relevant

characteristics. Participants in the neuropathic-like pain

group were significantly younger, had a higher BMI, and

reported greater pain over the past six months than par-

ticipants in the non-neuropathic-like pain group.

Although the neuropathic-like group had a higher BMI,

this is consistent with previous research showing higher

prevalence of neuropathic-like knee pain in women who

are obese [33]. Although not statistically significant,

Table 1 indicates that the proportion of individuals with

neuropathic-like pain was over twice as high among non-

Hispanic blacks, with 23% of non-Hispanic blacks (22

out of 96), but only 11% of whites (10 out of 88), falling

in the neuropathic-like pain group.

painDETECT Questionnaire Results
Median painDETECT scores were higher for participants

in the neuropathic-like pain group (21.5) compared with

the non-neuropathic-like pain group (8.0). Frequencies of

scores for individual items on the painDETECT are

shown in Table 2. The neuropathic-like pain group most

frequently endorsed burning and pain attacks/electric

shocks.

Zero-Order Correlation
Zero-order correlations of painDETECT with standard

measures of clinical pain, disability, and functional pain

are presented in Table 3. Statistically significant relation-

ships were found among painDETECT and all measures

of clinical pain, disability, and functional pain (r ¼ 0.48–

0.76).

Clinical Pain and Disability
Uncontrolled analyses and both partially and fully con-

trolled analyses for covariates yielded a statistically sig-

nificant group difference in clinical pain, such that the

neuropathic-like pain group reported significantly greater

pain severity, stiffness, and functional impairments re-

lated to knee OA on the WOMAC and higher scores on

all the SF-MPQ-2 subscales, compared with the non-

neuropathic-like pain group (Table 4). Group differences

in disability emerged when analyses were uncontrolled or

partially controlled, but not fully controlled, such that

the neuropathic-like pain group reported greater interfer-

ence on the GCPS, compared with the non-neuropathic-

like pain group.

Psychological Variables
Participants in the neuropathic-like pain group engaged

in significantly higher rates of pain catastrophizing. This

group also reported significantly more somatic symp-

toms. Further, these participants reported higher levels of

anxiety and depression over the past seven days,

compared with the non-neuropathic-like pain group

(Table 5).

Physical Function Variables
Unadjusted analyses revealed significant group differen-

ces for performance on the chair stand, walking, and the

overall score, as well as movement-evoked knee pain

after all three tasks in the neuropathic-like pain group. In

the partially adjusted analyses, the neuropathic-like pain

group had a significantly lower overall score on SPPB

and reported significantly more movement-evoked knee

pain following all three tasks. In contrast, after control-

ling for all covariates in the fully adjusted model, no

group differences emerged for performance on the SPPB

tasks, the overall score, or the movement-evoked knee

pain following the tasks (Table 6).

Heat Pain
No group differences emerged for warmth threshold or

heat pain threshold in unadjusted or adjusted analyses in

either the index knee or forearm (Table 7). However, in

unadjusted analyses, the neuropathic-like pain group

exhibited lower heat pain tolerance compared with the

non-neuropathic-like pain group. Further, uncontrolled

and partially adjusted analyses revealed that the

neuropathic-like pain group reported greater pain during

the heat pain threshold in the index knee, whereas all

analyses were statistically significant for greater pain dur-

ing the heat pain threshold in the forearm. In partially

adjusted analyses, the neuropathic-like pain group

reported greater pain during heat pain tolerance both in

the index knee and in the forearm. Regarding heat pain

temporal summation, the average pain ratings for each

heat temperature during temporal summation were

higher in the neuropathic-like pain group but were
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statistically significantly different only at 44�C in uncon-

trolled analyses. The neuropathic-like pain group showed

greater temporal summation at 48�C applied to the index

knee and the forearm in all analyses. In unadjusted and

partially adjusted analyses, the neuropathic-like pain

group evidenced greater temporal summation for temper-

ature at 44�C and 46�C applied to the forearm.

Additionally, the neuropathic-like pain group reported

greater painful after-sensations at 15 seconds for all three

temperatures at both body sites tested.

Mechanical Pain
Both unadjusted and adjusted analyses revealed no group

differences in pressure pain threshold at any testing site

(Table 8). In contrast, temporal summation of mechani-

cal pain was significantly greater at both the index knee

and the dorsal aspect of the ipsilateral hand for the

neuropathic-like pain group compared with the non-

neuropathic-like pain group in all analyses.

Conditioned Pain Modulation
No group differences emerged in CPM in any analyses

with a P value >0.05 (Table 8).

Discussion

This investigation compared clinical pain, psychological

symptoms, physical function, and a comprehensive array

of QST measures among adults with or at risk for knee

OA who experienced high vs low neuropathic-like pain

symptoms assessed with the painDETECT. Further,

group differences were examined using unadjusted analy-

ses and were both partially and fully adjusted for relevant

covariates. Our findings provide evidence that a small yet

distinct subgroup of individuals with symptoms of knee

OA experience high neuropathic-like pain features. Our

results are consistent with other recent studies, which

show that a subset of adults with knee OA screen positive

for neuropathic-like pain [9,12,13,32]. More impor-

tantly, our a priori hypothesis that neuropathic-like pain

would be associated with evidence of central sensitiza-

tion, higher levels of clinical pain, and psychological

symptoms was confirmed; however, we were surprised at

the absence of group differences in disability, physical

function, and CPM in the fully adjusted model, suggest-

ing that neuropathic-like features are not associated with

these outcomes net of pain intensity. Because the groups

did not differ on length of time with knee pain, any group

Table 1. Comparison of study participants with and without neuropathic-like pain symptoms by demographic characteristics and
OA-related factors

Characteristics

NP Group (N¼32) Non-NP Group (N¼152)

No. M (or %) SD No. M (or %) SD P

Demographic factors

Age, y 32 54.6 7.0 152 58.6 7.7 0.01

Sex 0.89

Male 12 37.5 55 36.2

Female 20 62.5 97 63.8

Race 0.06

Non-Hispanic black 22 68.8 74 48.7

Non-Hispanic white 10 31.3 78 51.3

Education (% � high school) 22 68.8 66 43.4 0.06

Body mass index 32 35.3 10.8 152 31.2 6.6 0.05

Normal 4 13.3 27 18.1

Overweight 7 23.3 40 26.8

Obese 19 63.3 82 55.0

Pain length 32 151 0.53

<6 mo 1 3.1 9 6.0

6 mo–1 y 5 15.6 10 6.6

1–3 y 8 25.0 38 25.2

3–5 y 4 12.5 22 14.6

�5 y 14 43.8 72 47.7

Pain variables

No. of painful joints 32 8.2 7.6 152 5.5 5.5 0.07

Right knee pain 5 16.7 40 29.6

Left knee pain 5 16.7 28 20.7

Bilateral knee pain 20 66.7 67 49.6

GCPS pain intensity 32 78.4 14.0 152 51.2 22.0 <0.01

Concomitant conditions

Chronic hip pain 21 65.6 82 54.3 0.33

Diabetes mellitus 5 15.6 18 11.8 0.77

No. of painful sites 32 4.7 2.7 152 3.9 2.2 0.08

No covariates were included in these analyses. Bold formatting indicates significant P values, at P< 0.05.

GCPS ¼ Grade Chronic Pain Scale; NP ¼ neuropathic-like pain; OA ¼ osteoarthritis.

130 Terry et al.

Deleted Text: -
Deleted Text: p
Deleted Text: 
Deleted Text: compared to
Deleted Text: (CPM)
Deleted Text: <italic>ps</italic> 
Deleted Text:  
Deleted Text: versus
Deleted Text: as well as
Deleted Text: ,
Deleted Text: ,


differences in outcomes cannot be attributed to this po-

tential confound.

Static measures of pain thresholds and tolerances were

not significantly different in neuropathic-like vs non-

neuropathic-like groups, at either the index knee or other

body regions. This contrasts with previous work

comparing pressure, cold, and heat pain thresholds in

OA participants who scored “positive neuropathic-like”

(painDETECT scored �19), “unclear group”

(painDETECT scored 13–18), and “negative neuro-

pathic-like” (painDETECT scored �12) [9]. These inves-

tigators reported that the “positive neuropathic-like”

group had higher pain sensitivity compared with the

“negative neuropathic-like” group but did not differ

from the “unclear group.” Consistent with other studies

[10,12], we included all participants with painDETECT

scores �19 in the non-neuropathic-like pain group,

which may explain our lack of observed differences in

pain thresholds. Further, the previous study did not ad-

just for relevant covariates [9], and this difference in ana-

lytic approach may have contributed to differences in

results. Our study extends the literature by demonstrat-

ing that adults with knee OA and neuropathic-like pain

show evidence of central sensitization (e.g., enhanced

heat and mechanical temporal summation) but not im-

paired pain inhibition (e.g., CPM). Moreover, temporal

summation of heat and mechanical pain were higher at

all body sites (i.e., index knee and non–index knee sites),

which points toward generalized rather than localized

central sensitization, further implicating central patho-

physiological mechanisms in the neuropathic-like pain

group. This could be a function of central brain changes,

such as descending modulation, which has been shown to

be impaired in individuals with OA [10,34].

Furthermore, in a previous cohort of individuals with

knee OA, we found that mechanical temporal summation

was associated with current and future clinical pain

Table 2. Frequency of response for individual items on the painDETECT questionnaire

Questionnaire Items (Score)
NP Group (N¼32) Non-NP Group (N¼152)

painDETECT (–1 to 38) No. (%) No. (%)

Knee pain pattern* (–1, 0, 1)

Persistent pain with slight variations (0) 3/32 9.4 34/151 22.5

Persistent pain with pain attacks (–1) 10/32 31.3 33/151 21.9

Pain attacks without pain between them (1) 3/32 9.4 48/151 31.8

Pain attacks with pain between them (1) 15/32 46.9 32/151 21.2

Knee pain radiation† (% yes) (0, 2) 28/31 90.3 57/152 37.5

(% moderately or more, score �3/5) No. (%) Median No. (%) Median

Knee pain quality (0–5)‡

Pain attacks/electric shocks 29/31 90.7 4 36/151 23.9 2

Burning 29/31 93.6 3 26/151 17.2 1

Sensitivity to pressure 24/32 75 3.5 32/151 21.4 1

Tingling or prickling 24/32 77.4 3 16/151 10.6 1

Numbness 23/32 72 3 13/152 8.6 0

Sensitivity to cold or heat 14/32 43.8 2 9/151 6 0

Sensitivity to light touch 11/32 34.3 2 4/150 2.7 0

NP ¼ neuropathic-like pain.

*Responders selected one of four possible response options to indicate the knee pain pattern; No. shows the number of participants who selected the specific

item to describe their knee pain pattern, and % indicates the percentage of participants per group.
†Percentage of responders who reported yes to the question about pain radiating from the knee.
‡Min–max score range was 0–5 (0¼never, 1¼ hardly noticed, 2¼ slightly, 3¼moderately, 4¼ strongly, 5¼ very strongly) for all pain quality questions; the

median score for each knee pain quality was recordedm and (% moderately or more, score �3/5) is the cumulative percentage for responses reported to be moder-

ate, strong, and very strong when describing the knee pain quality.

Table 3. Zero-order correlations among painDETECT and clini-
cal pain, disability, and functional pain characteristics

Characteristics No. Total Sample (N¼184)
painDETECT

painDETECT –

WOMAC

Pain 183 0.68**

Stiffness 183 0.60**

Physical function 184 0.66**

GCPS

Pain intensity 184 0.63**

Disability score (0–100) 184 0.55**

SF-MPQ-2

Continuous 178 0.71**

Intermittent 176 0.73**

Neuropathic 176 0.74**

Affective 179 0.68**

Total score 173 0.76**

SPPB pain ratings

Balance pain rating 181 0.49**

Chair stand pain rating 176 0.48**

Walking pain rating 183 0.52**

GCPS ¼ Graded Chronic Pain Scale; SPPB ¼ Short Physical Performance

Battery; WOMAC ¼ Western Ontario and McMaster Universities

Osteoarthritis Index; SF-MPQ-2 ¼ short-Form McGill Pain Questionnaire-2.

**P < 0.01.
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Table 4. Comparison between participants with and without neuropathic-like pain symptoms on clinical variables

Unadjusted Partially Adjusted Fully Adjusted

NP
(N¼32)

Non-NP
(N¼152)

NP
(N¼32)

Non-NP
(N¼152)

NP
(N¼32)

Non-NP
(N¼152)

Characteristics n/N M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

WOMAC

Pain 32/151 12.6 (3.3) 6.9 (3.8)** 11.7 (3.3) 7.1 (3.8)** 10.0 (3.3) 7.4 (3.8)**

Stiffness 32/151 5.5 (1.7) 2.9 (1.7)** 5.1 (1.7) 3.0 (1.7)** 4.5 (1.7) 3.1 (1.7)**

Physical function 32/152 40.1 (11.4) 22.0 (13.3)** 36.7 (11.4) 22.7 (13.3)** 30.2 (11.4) 24.1 (13.3)**

GCPS

Disability score (0–100) 32/152 75.3 (23.2) 42.5 (28.3)** 68.7 (23.2) 43.8 (28.3)** 55.0 (23.2) 46.7 (28.3)

Chronic pain grade 31/151

Grade I: low disability–low intensity 0 57

Grade II: low disability–high intensity 4 35

Grade III: high disability–moderately limiting 14 41

Grade IV: high disability–severely limiting 13 18

Short-Form McGill Pain Questionnaire–2

Continuous 31/147 6.5 (1.6) 2.9 (2.3)** 6.0 (1.6) 3.1 (2.3)** 4.8 (1.6) 3.3 (2.3)**

Intermittent 31/145 6.3 (1.7) 2.2 (2.1)** 5.8 (1.7) 2.3 (2.1)** 5.0 (1.7) 2.5 (2.1)**

Neuropathic 28/148 4.7 (2.0) 1.2 (1.6)** 4.3 (2.0) 1.3 (1.6)** 3.8 (2.0) 1.4 (1.6)**

Affective 31/148 5.6 (2.3) 1.7 (2.2)** 5.1 (2.3) 1.8 (2.2)** 4.3 (2.3) 1.9 (2.2)**

Total score 28/145 5.7 (1.5) 2.0 (1.8)** 5.2 (1.5) 2.1 (1.8)** 4.4 (1.5) 2.3 (1.8)**

Fully adjusted ¼ included all partially adjusted covariates (site, age, education, race group, body mass index), in addition to the Graded Chronic Pain Scale

pain intensity; GCPS ¼ Graded Chronic Pain Scale; NP ¼ neuropathic-like pain; partially adjusted ¼ covariates were site, age, education, race group, and body

mass index; unadjusted ¼ no covariates were included in analyses; WOMAC ¼Western Ontario and McMaster Universities Osteoarthritis Index.

**P < 0.01.

Table 5. Comparison between participants with and without neuropathic-like pain symptoms on psychological variables

Unadjusted Partially Adjusted Fully Adjusted

NP

(N¼32)

Non-NP

(N¼152)

NP

(N¼32)

Non-NP

(N¼152)

NP

(N¼32)

Non-NP

(N¼152)
Characteristics n/N M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

Psychological variables

Pain catastrophizing (0–6) 32/151 2.5 (1.5) 1.1 (1.1)** 2.1 (1.5) 1.2 (1.1)** 1.8 (1.5) 1.3 (1.1)*

Somatic Symptom Severity Scale 32/152 11.0 (4.5) 7.2 (3.5)** 10.5 (4.5) 7.3 (3.5)** 10.0 (4.5) 7.4 (3.5)**

PROMIS Anxiety 30/149 56.5 (9.8) 49.8 (8.9)** 55.5 (9.8) 50.0 (8.9)** 54.8 (9.8) 50.2 (8.9)*

PROMIS Depression 30/150 55.3 (10.2) 46.8 (8.6)** 54.2 (10.2) 47.0 (8.6)** 53.1 (10.2) 47.2 (8.6)**

Fully adjusted ¼ included all partially adjusted covariates (site, age, education, race group, body mass index), in addition to the Graded Chronic Pain Scale

pain intensity; NP ¼ neuropathic-like pain; partially adjusted ¼ covariates were site, age, education, race group, and body mass index; PROMIS ¼ Patient-

Reported Outcomes Measurement Information System; unadjusted ¼ no covariates were included in analyses.

*P < 0.05; **P < 0.01.

Table 6. Comparison between participants with and without neuropathic-like pain symptoms on SPPB functional test and pain

Characteristics

Unadjusted Partially Adjusted Fully Adjusted

NP (N¼32)

Non-NP

(N¼152) NP (N¼32)

Non-NP

(N¼152) NP (N¼32)

Non-NP

(N¼152)
n/N M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

Functional and pain test

SPPB balance 32/152 3.6 (0.8) 3.8 (0.6) 3.6 (0.8) 3.7 (0.6) 3.7 (0.8) 3.7 (0.6)

SPPB balance pain 30/151 37.8 (32.5) 16.0 (21.4)** 34.6 (32.5) 16.6 (21.4)** 25.6 (32.5) 18.4 (21.4)

SPPB chair stand 31/150 1.6 (1.2) 2.1 (1.2)* 1.7 (1.2) 2.1 (1.2) 1.8 (1.2) 2.0 (1.2)

SPPB chair stand pain 31/145 44.9 (35.1) 22.3 (25.1)** 41.1 (35.1) 23.1 (25.1)** 28.0 (35.1) 25.9 (25.1)

SPPB walking 32/152 3.4 (0.7) 3.7 (0.6)* 3.5 (0.7) 3.7 (0.6) 3.7 (0.7) 3.5 (0.6)

SPPB walking pain 31/152 43.6 (34.8) 17.3 (24.4)** 39.4 (34.8) 18.2 (24.4)** 29.0 (34.8) 20.3 (24.4)

SPPB total 32/152 8.6 (1.7) 9.6 (1.7)** 8.8 (1.7) 9.5 (1.7)* 9.0 (1.7) 9.5 (1.7)

Fully adjusted ¼ included all partially adjusted covariates (site, age, education, race group, body mass index), in addition to the Graded Chronic Pain Scale

pain intensity; NP ¼ neuropathic-like pain; partially adjusted ¼ covariates were site, age, education, race group, and body mass index; SPPB ¼ Short Physical

Performance Battery; unadjusted ¼ no covariates were included in analyses.

*P < 0.05; **P < 0.01.
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severity [35]. This aligns with our present findings, in

which the neuropathic-like pain groups exhibited not

only increased mechanical temporal summation, but also

higher levels of clinical pain across all measures, includ-

ing movement-evoked pain. Additionally, those with

neuropathic-like pain symptoms reported greater painful

after-sensations following heat pain temporal summa-

tion. Interestingly, CPM was not significantly different

between the groups, suggesting that pain inhibitory

mechanisms may be less impacted. A recent study found

that longer durations of neuropathic pain (more than

two years) were associated with more efficient CPM

compared with patients with short pain duration [36].

More studies are needed to fully assess any impact on

pain inhibition in the neuropathic-like pain subgroup.

Several additional patterns in our findings deserve

consideration. First, non-Hispanic blacks were slightly

over-represented in the neuropathic-like pain group.

However, it is difficult to determine whether this reflects

racial/ethnic differences in symptom trajectory of knee

OA or a more general predisposition toward central sen-

sitization given prior evidence documenting greater pain

Table 7. Comparison between participants with and without neuropathic-like pain symptoms on heat pain testing, pain, and tempo-
ral summation of heat at the index knee and forearm

Unadjusted Partially Adjusted Fully Adjusted

NP (N¼32)
Non-NP
(N¼152) NP (N¼32)

Non-NP
(N¼152) NP (N¼32)

Non-NP
(N¼152)

Characteristics n/N M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

Heat pain sensitivity at index

knee

Warm threshold 32/151 37.6 (3.6) 37.3 (3.6) 37.7 (3.6) 37.3 (3.6) 37.3 (3.6) 37.4 (3.6)

Heat pain threshold 32/151 42.1 (3.1) 42.1 (3.5) 42.6 (3.1) 42.0 (3.5) 42.6 (3.1) 42.0 (3.5)

Heat pain threshold rating 32/151 43.8 (26.0) 28.4 (22.1)** 43.5 (26.0) 28.4 (22.1)** 36.7 (26.0) 29.8 (22.1)

Heat pain tolerance 31/148 45.3 (1.8) 45.7 (2.6) 45.9 (1.8) 45.6 (2.6) 46.0 (1.8) 45.6 (2.6)

Heat pain tolerance rating 31/148 70.7 (24.8) 61.6 (24.7) 74.4 (24.8) 60.8 (24.7)* 68.0 (24.8) 62.1 (24.7)

Heat pain sensitivity at forearm

Warm threshold 32/151 35.2 (1.5) 35.2 (2.2) 35.3 (1.5) 35.2 (2.2) 35.1 (1.5) 35.2 (2.2)

Heat threshold 32/151 40.7 (3.8) 41.3 (3.8) 41.2 (3.8) 41.2 (3.8) 41.1 (3.8) 41.2 (3.8)

Heat pain threshold rating 32/151 38.4 (24.0) 22.7 (19.1)** 38.2 (24.0) 22.8 (19.1)** 34.0 (24.0) 23.7 (19.1)*

Heat pain tolerance 31/149 44.6 (2.6) 45.7 (2.6)* 45.1 (2.6) 45.6 (2.6) 45.1 (2.6) 45.6 (2.6)

Heat pain tolerance rating 31/149 65.6 (22.1) 58.3 (24.9) 68.5 (22.1) 57.7 (24.9)* 62.0 (22.1) 59.0 (24.9)

Temporal summation of heat

at index knee

44�C 23/137 9.7 (13.8) 5.5 (12.2) 9.9 (13.8) 5.5 (12.2) 9.9 (13.8) 5.5 (12.2)

44�C 15-sec rating 32/149 15.4 (24.6) 4.0 (10.2)** 15.0 (24.6) 4.1 (10.2)** 13.5 (24.6) 4.4 (10.2)**

46�C 24/134 11.5 (17.6) 9.6 (15.2) 11.7 (17.6) 9.5 (15.2) 11.1 (17.6) 9.6 (15.2)

46�C 15-sec rating 32/150 20.1 (28.6) 6.4 (13.5)** 20.2 (28.6) 6.4 (13.5)** 17.3 (28.6) 7.0 (13.5)*

48�C 23/131 25.3 (23.6) 14.5 (18.4)* 26.4 (23.6) 14.3 (18.4)* 25.3 (23.6) 14.5 (18.4)*

48�C 15-sec rating 32/146 24.6 (29.3) 10.2 (16.1)** 24.3 (29.3) 10.2 (16.1)** 21.4 (29.3) 10.9 (16.1)*

Average pain ratings during

temporal summation of heat

at index knee

44�C 32/150 41.0 (32.8) 29.3 (27.6)* 39.1 (32.8) 29.7 (27.6) 35.6 (32.8) 30.5 (27.6)

46�C 32/150 46.9 (32.1) 42.4 (30.7) 44.5 (32.1) 42.9 (30.7) 39.9 (32.1) 43.9 (30.7)

48�C 32/149 60.7 (28.1) 51.6 (31.5) 58.8 (28.1) 52.0 (31.5) 54.5 (28.1) 53.0 (31.5)

Temporal summation of heat at

forearm

44�C 25/139 14.9 (18.8) 7.2 (13.7)* 14.5 (18.8) 7.3 (13.7)* 13.9 (18.8) 7.4 (13.7)

44�C 15-sec rating 32/150 14.7 (23.8) 4.8 (11.4)* 14.3 (23.8) 4.8 (11.4)** 12.1 (23.8) 5.3 (11.4)*

46�C 26/136 20.2 (20.2) 10.2 (15.2)** 19.7 (20.2) 10.3 (15.2)* 17.4 (20.2) 10.8 (15.2)

46�C 15-sec rating 32/150 19.6 (28.4) 7.5 (13.8)** 19.4 (28.4) 7.5 (13.8)** 16.9 (28.4) 8.1 (13.8)*

48�C 24/134 24.3 (20.3) 14.0 (16.1)* 25.9 (20.3) 13.7 (16.1)** 23.7 (20.3) 14.1 (16.1)*

48�C 15-sec rating 31/148 23.7 (30.7) 9.9 (15.5)** 23.3 (30.7) 10.0 (15.5)** 19.4 (30.7) 10.8 (15.5)*

Average pain ratings during

temporal summation of heat

at forearm

44�C 32/150 47.1 (28.0) 35.8 (27.4)* 45.2 (28.0) 36.2 (27.4) 40.4 (28.0) 37.2 (27.4)

46�C 32/150 49.7 (30.7) 42.8 (29.2) 46.6 (30.7) 43.5 (29.2) 41.5 (30.7) 44.6 (29.2)

48�C 32/150 62.7 (28.8) 53.0 (30.4) 60.2 (28.8) 53.5 (30.4) 54.9 (28.8) 54.6 (30.4)

Fully adjusted ¼ included all partially adjusted covariates (site, age, education, race group, body mass index), in addition to the Graded Chronic Pain Scale

pain intensity; NP ¼ neuropathic-like pain; partially adjusted ¼ covariates were site, age, education, race group, and body mass index; unadjusted ¼ no covariates

were included in analyses.

*P < 0.05; **P < 0.01.
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sensitivity and pain facilitation among non-Hispanic

blacks [37,38]. More research is needed to determine

whether there are racial/ethnic differences in

neuropathic-like pain and what mechanisms, including

disease-specific and more general pain-related biological

and psychosocial risk factors, might drive these differen-

ces. Second, the neuropathic-like pain group experienced

significantly higher levels of pain catastrophizing, so-

matic symptom severity, anxiety, and depression. It is

unclear whether these psychosocial factors represent con-

sequences or causes of the more severe clinical symptoms

and concurrent changes in central pain processing ob-

served in the neuropathic-like pain group. Regardless,

this highlights the potential importance of psychosocial

factors as treatment targets, as past research provides

compelling evidence that psychosocial factors can modu-

late the experience of knee pain [21], suggesting that psy-

chological treatments will likely enhance outcomes.

Finally, neuropathic-like symptoms may represent a

unique phenotype observed in only a subset of OA

patients, or neuropathic-like features may reflect a com-

mon sign of OA progression. However, duration of

symptoms was similar in our two groups, which argues

against the progression hypothesis. Moreover, a recent

study of end-stage knee and hip OA reported lower rates

of neuropathic-like pain than we observed [39]. Thus, it

seems likely that neuropathic-like pain emerges only in a

subset of people with knee OA.

Implications and Future Directions

Given the complexity of interacting biological, psycho-

logical, and sociocultural factors that contribute to

chronic pain [40], mechanistic pain assessment can pro-

vide valuable information to guide treatment. Identifying

the characteristic phenotype of neuropathic-like pain in

individuals with knee OA is a first step in improving as-

sessment and tailoring treatments for pain management

and reversal of disability in this subgroup. Our findings

highlight the potential importance of multimodal treat-

ment strategies that target central pain mechanisms, as

well as psychosocial factors. Indeed, well-chosen behav-

ioral and/or pharmacological therapies could synergisti-

cally address both central sensitization and psychological

functioning in patients with knee OA pain. For example,

Racine et al. [41] note that decreasing catastrophizing

reduces pain intensity and interference in patients with

neuropathic-like pain. Understanding the relationship be-

tween neuropathic-like pain and knee OA has great rele-

vance not only for diagnosis and treatment but for

improving patient outcomes. It is possible that individu-

als with neuropathic-like pain who show signs of central

sensitization and high pain intensity may demonstrate

poorer outcomes for traditional pharmacological and

surgical approaches [42,43].

What remains unclear is the critical point(s) in the OA

trajectory when peripheral sensitization transitions into

central sensitization. For example, some of those scoring

below the painDETECT cut-point also show some

emerging signs of neuropathic-like pain. Whether early

intervention could prevent or reverse this progression is

an important mechanistic and clinical question. Future

longitudinal studies may help answer this question.

It is important to note that knee pain severity was sig-

nificantly greater in the neuropathic-like pain group.

Interestingly, painDETECT was indeed correlated with

measures of OA pain severity, which justifies controlling

for pain intensity. Therefore, we adjusted for pain sever-

ity (i.e., clinical GCPS pain intensity) in the fully adjusted

model, demonstrating that the observed associations are

Table 8. Comparison between participants with and without neuropathic-like pain symptoms on mechanical testing: Pressure and
punctate pain at the most painful knee and ipsilateral nonknee sites

Unadjusted Partially Adjusted Fully Adjusted

NP (N¼32)
Non-NP
(N¼152) NP (N¼32)

Non-NP
(N¼152) NP (N¼32)

Non-NP
(N¼152)

Characteristics n/N M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

Pressure, kPa

Medial joint line index knee 32/150 257.1 (114.3) 277.0 (142.4) 281.2 (114.3) 271.9 (142.4) 279.7 (114.3) 272.2 (142.4)

Lateral joint line index knee 32/149 310.2 (154.4) 299.0 (150.1) 333.2 (154.4) 294.0 (150.1) 340.6 (154.4) 292.5 (150.1)

Quadriceps 32/150 344.4 (155.3) 361.9 (186.8) 358.2 (155.3) 361.8 (186.8) 358.3 (155.3) 361.0 (186.8)

Trapezius 32/150 218.5 (93.4) 252.4 (149.8) 244.9 (93.4) 246.8 (149.8) 247.7 (93.4) 246.2 (149.8)

Punctate

Punctate temporal summation at patella 32/151 26.0 (20.5) 16.1 (16.7)** 26.9 (20.5) 15.9 (16.7)** 23.8 (20.5) 16.6 (16.7)*

Punctate temporal summation dorsal hand 32/151 20.6 (16.5) 11.0 (12.9)** 19.8 (16.5) 11.2 (12.9)** 18.0 (16.5) 11.6 (12.9)*

Conditioned pain modulation

Prepressure pain threshold 31/148 237.1 (127.2) 255.5 (143.9) 256.2 (127.2) 251.5 (143.9) 251.6 (127.2) 252.4 (143.9)

During-pressure pain threshold 27/129 312.8 (175.6) 351.0 (188.5) 338.7 (175.6) 345.5 (188.5) 346.0 (175.6) 344.0 (188.5)

Conditioned pain modulation 27/128 80.1 (95.1) 91.1 (109.2) 90.4 (95.1) 88.9 (109.2) 98.7 (95.1) 87.2 (109.2)

Fully adjusted ¼ included all partially adjusted covariates (site, age, education, race group, body mass index), in addition to the Graded Chronic Pain Scale

pain intensity; NP ¼ neuropathic-like pain; partially adjusted ¼ covariates were site, age, education, race group, and body mass index; unadjusted ¼ no covariates

were included in analyses.

*P < 0.05; **P < 0.01.
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likely driven by neuropathic-like mechanisms rather than

pain severity. However, neuropathic-like pain mecha-

nisms may produce more severe pain, in which

case adjusting for pain severity may be inappropriate.

The fact that a subgroup of patients with knee OA who

experience neuropathic-like pain report more intense

pain creates a logical conundrum. Does more severe OA

pain artificially inflate painDetect scores, or is there a

link between possible neuropathic-like pain mechanisms

and the severity of OA pain [11]? Indeed, previous data

addressing this issue provide evidence that pain severity

is higher in patients with neuropathic-like pain symptoms

[9,10,14–16]. If neuropathic-like knee OA pain is indeed

more severe due to the underlying mechanisms, then con-

trolling for pain severity would underrepresent the con-

stellation of abnormal pain perception reported in this

and other studies [32]. Interestingly, Table 2 provides ev-

idence that a small proportion of non-neuropathic-like

pain participants report experiencing pain with

neuropathic-like features, and they report lower median

scores on individual items of pain quality on the

painDETECT.

Strengths and Limitations

Several study strengths and limitations should be noted.

First, although our data are cross-sectional, our analysis

was strengthened by a large, racially diverse sample size.

In contrast to other studies of QST and knee OA, our

sample included a comparable proportion of non-

Hispanic blacks, who have historically been absent from

experimental pain studies [44]. However, controlling for

multiple demographic factors limits the inferences we can

make about socioeconomic contributions to neuropathic-

like pain and chronic pain in the population. Additional

strengths include incorporating measures of functional

limitations and multiple measures of clinical and experi-

mental pain. We also present the data in unadjusted, par-

tially adjusted, and fully adjusted models to provide

information regarding the contributions of demographic

and anthropometric variables, as well as pain severity.

Our fully adjusted model runs the risk of overcontrolling

for pain intensity, which could impact conclusions drawn

about the phenotype of patients with neuropathic-like

pain. For example, in several cases when conducting

analyses on disability and pain scores (Tables 4, 6, and

7), findings that were significant in partially adjusted

analyzes became nonsignificant in the fully adjusted

model, suggesting that the association between

neuropathic-like pain and these outcomes (i.e., disability,

functional pain, and QST measures) operates largely

through the higher pain intensity associated with

neuropathic-like pain. Additional research is needed to

better characterize the relationship between neuropathic

pain mechanisms and general measures of pain severity

in patients with OA. Greater neuropathic-like pain could

be due to factors not measured such as vitamin B

deficiency. However, our classification of neuropathic-

like pain is based on screening questionnaires with high

sensitivity and specificity, which decreased the probabil-

ity of false-positive screens. We did not confirm damage

to the nervous system/nerves arising from knee OA

through electromyography or nerve conduction velocity,

nor did we examine loss of sensory function (e.g., vibra-

tory or tactile detection). We did not control for medica-

tions that could impact neuropathic-like symptoms, as

few people were taking medications typically prescribed

for neuropathy. The current study could have benefitted

from using elements of the German Research Network

on Neuropathic Pain QST protocol [45], with which we

could have compared our QST findings to other large

studies of patients with well-defined neuropathic pain

conditions. These comparisons could have enhanced in-

terpretation of our QST findings, particularly from the

static QST measures (i.e., threshold and tolerance).

Lastly, we reported that CPM was not significantly dif-

ferent between the groups; however, CPM should be rep-

licated with other racially diverse samples to ensure that

findings are generalizable.

Overall, we found support for differences in central

sensitization, clinical pain, and poorer psychological

function in adults with or at risk for knee OA who have

neuropathic-like pain symptoms. Nearly half of individu-

als in the neuropathic-like pain group are classified as

having high disability and moderate to severe limitations

on the GCPS, but unlike Moss et al. [9], our study did

not find differences in functional measures between the

neuropathic-like group and the non-neuropathic-like

group in the fully adjusted model, which controlled for

pain intensity. Future research is needed to determine the

mechanistic underpinnings and clinical relevance of these

findings.
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