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Abstract 29 

Background: Expanded distribution of pain is considered a sign of central 30 

sensitization (CS). The relationship between recording of symptoms and CS in 31 

people with knee osteoarthritis (OA) has been poorly investigated. 32 

Objective: To examine whether the area of pain assessed using pain drawings 33 

relates to CS and clinical symptoms in people with knee OA. 34 

Design: Cross-sectional study. 35 

Methods: Fifty-three subjects with knee OA scheduled to undergo primary total 36 

knee arthroplasty were studied. All participants completed pain drawings using 37 

a novel digital device, self-administration questionnaires and were assessed by 38 

quantitative sensory testing. Pain frequency maps were generated separately 39 

for women and men. Spearman‟s correlation coefficients were computed to 40 

reveal possible correlations between the area of pain and quantitative sensory 41 

testing and clinical symptoms. 42 

Results: Pain frequency maps revealed enlarged areas of pain, especially in 43 

women. Enlarged areas of pain were associated with higher knee pain severity 44 

(rs= .325, P < 0.05) and stiffness (rs=.341, P < 0.05), lower pressure pain 45 

thresholds at the knee (rs=-.306, P < 0.05) and epicondyle (rs=-.308, P < 0.05) 46 

and higher scores with the Central Sensitization Inventory (rs=.456, P < 0.01). 47 

No significant associations were observed between the area of pain and the 48 

remaining clinical symptoms and measures of CS.  49 

Limitations: Firm conclusions about the predictive role of pain drawings cannot 50 

be drawn. Further evaluation of the reliability and validity of pain area extracted 51 

from pain drawings in people with knee OA is required. 52 



3 
 

Conclusion: Expanded distribution of pain was correlated with some measures 53 

of CS in individuals with knee OA. Pain drawings may constitute an easy way 54 

for the early identification of CS in people with knee OA, but further research is 55 

required. 56 

Key words: Knee osteoarthritis, chronic pain, pain location, central nervous 57 

system sensitization. 58 
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Introduction 76 

There is compelling evidence that central sensitization (CS) is present in 77 

a subgroup of people with knee osteoarthritis (OA) pain, especially in those with 78 

more advanced knee OA, and may be associated with knee OA symptom 79 

severity.1,2 According to Woolf, CS is “operationally defined as an amplification 80 

of neural signaling within the central nervous system that elicits pain 81 

hypersensitivity”.3 CS is a broad concept encompassing numerous and complex 82 

pathophysiological mechanisms such as spinal cord sensitization, impaired 83 

functioning of brain-orchestrated descending anti-nociceptive (inhibitory) 84 

mechanisms, (over)activation of descending pain facilitatory pathways, 85 

increased temporal summation (TS) or wind-up and alteration of sensory 86 

processing in the brain.3  87 

If present in people with knee OA pain, CS may mediate treatment 88 

responses. For instance, the presence of pre-operative CS [e.g. widespread 89 

pain sensitization, enhanced TS of pain] was associated with poor outcomes 90 

after total knee replacement.4,5 Therefore, it may be important for clinicians to 91 

identify CS in people with knee OA pain. In such patients, a broader therapeutic 92 

approach aiming to desensitize the central nervous system seems warranted.6 93 

Several methods for assessing CS in people with knee OA pain are 94 

available. However, they are typically performed within laboratory conditions 95 

including brain imaging techniques,7,8 psychophysical testing with various 96 

stimuli [e.g. quantitative sensory testing (QST)9,10] and cerebral metabolism 97 

studies.11 Currently, there is a lack of established criteria for the clinical 98 

diagnosis of CS in knee OA.12 Laboratory-based measures like the nociceptive 99 

flexor reflex13 or laser-evoked potentials provide more objective evidence for 100 
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hyperexcitability of central nervous system neurons, but no single measurement 101 

can be regarded as gold standard for establishing CS in knee OA. The lack of 102 

gold standard may be due to the complexity and diversity of the underlying 103 

mechanisms. 104 

Recently, a set of criteria to assist clinicians on the classification of CS 105 

pain have been published,14 but the suitability of this classification algorithm to 106 

the OA knee pain population is unknown. One criterion included for the 107 

classification of CS pain is diffuse pain distribution (i.e. large pain areas with a 108 

neuroanatomically illogical distribution) as identified from the clinical history 109 

and/or a body chart.14 Expanded distribution of pain is a well-recognized sign of 110 

CS12,15,16 and, in this regard, pain drawings might be useful to identify extended 111 

areas of pain distribution in people with knee OA.  112 

Pain drawings have been used to obtain a graphic representation of pain 113 

distribution and location in people with knee OA pain.17-23 In pain drawing, the 114 

patient or clinician indicates the location of pain by shading the painful area.24 115 

Several methods and instruments have been described to record the pain 116 

location and classify the pattern of knee OA pain, and the most common 117 

method is asking people to draw where they feel pain on a body chart.17,19,20 118 

Based on studies investigating pain drawings in individuals with knee OA pain, 119 

the medial knee region seems to be the most frequently reported pain location 120 

amongst people with knee OA pain,19,20,25,26 though generalized or diffuse knee 121 

pain is also commonly reported.17,19 However, the location of pain is 122 

heterogeneous with no single pattern of pain location being pathognomonic for 123 

knee OA.19 This might be due to the multiple sources of pain (e.g. ligaments 124 

stretch, subchondral bone damage, bone marrow lesions) in knee OA.20 125 
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Recently, the presence of widespread pain as recorded on pain 126 

drawings, was most frequently reported by a subgroup of individuals with high 127 

levels of (in particular bilateral) knee OA pain and low level of structural damage 128 

on radiography (e.g. grade I and II on the Kellgren-Lawrence grading system for 129 

OA).27 Enlarged areas of pain in this subgroup was attributed to a variety of 130 

etiological factors, including abnormal central pain processing mechanisms.  131 

Wood and colleagues found that subjects with knee OA reporting enlarged 132 

areas of pain had more persistent and severe pain and higher anxiety levels, 133 

which was also interpreted as reflecting altered central pain processing 134 

mechanisms.19 However, it must be emphasized that in the above mentioned 135 

studies CS was only hypothesized as the explanation of the study findings, and 136 

no attempts were made to directly measure CS. 137 

To our knowledge, only the two above mentioned studies19, 27 related 138 

central pain mechanisms to individuals‟ recording of symptom location and 139 

distribution in people with knee OA pain. If CS was the dominant pain 140 

mechanism in an individual with knee OA pain, this should be reflected in more 141 

extended areas of pain mapped in pain drawings as compared to people with a 142 

lesser degree of pain sensitization.22  143 

Therefore the primary aim of this study was to examine whether the area 144 

of pain assessed using pain drawings relates to direct (QST) and indirect (self-145 

reported questionnaires, neuropathic pain) measures of CS in people with 146 

different degrees of chronic knee OA pain. As opposed to quantitative pain 147 

assessment tools which provide direct evidence of CS in chronic joint pain,9,10,12 148 

indirect measures of CS (e.g. self-report questionnaires designed to determine 149 

presence of neuropathic pain) only offer indirect evidence of hypersensitivity of 150 
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the central nervous system in people with knee OA pain.1,14,28 As a secondary 151 

aim, the association between the area of pain and clinical symptoms (including 152 

the level of knee pain, disability and psychosocial variables) was also 153 

investigated. Psychosocial factors (e.g. cognitions and beliefs about pain), may 154 

explain some of the variation in pain reporting among individuals with knee 155 

OA.29 For instance, catastrophic thinking and poor coping strategies in people 156 

with knee OA pain can predict the presence of more pain after total knee 157 

replacement surgery.4  158 

 159 

Methods 160 

Subjects 161 

A convenience sample of fifty-three subjects with chronic knee OA pain 162 

of more than 3 months duration who were scheduled to undergo primary total 163 

knee arthroplasty participated in the study. Subjects with knee OA affecting the 164 

tibiofemoral and patellofemoral compartments were included. These subjects 165 

participated in a randomized controlled trial investigating the effects of pain 166 

neuroscience education on pain and function in subjects with chronic knee OA 167 

pain (Clinical Trials database NCT02246088). Baseline data from the entire 168 

cohort were used for this study. All participants were recruited from the 169 

Orthopedic Surgery Service of the Hospital Universitario de La Ribera (Alzira, 170 

Spain) between January 2014 and February 2015. 171 

All participants underwent weight bearing, fixed flexion posteroanterior 172 

and lateral X-rays of their affected knee. Radiographic disease severity of both 173 

the tibiofemoral (Kellgren–Lawrence 0–4 grading scale30) and patellofemoral 174 

(Ahlbäck 0-5 grading scale31) compartments was evaluated for each participant. 175 
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Knee OA was diagnosed by a surgeon according to the American College of 176 

Rheumatology classification,32 including the regular experience of knee pain, 177 

plus either osteophytes on radiography or a combination of morning stiffness, 178 

crepitus and age 50 years or above. These criteria were found to be 89% 179 

sensitive and 88% specific for diagnosing knee OA.32  180 

Subjects were excluded from study participation if they had previously 181 

undergone knee joint replacement surgery of the affected joint or any other 182 

lower limb surgery within the past six months, had co-existing inflammatory, 183 

metabolic, neurological or severe medical conditions hindering the ability of the 184 

patient to participate in the study or cognitive disturbances that could influence 185 

completion of the pain drawings.  186 

This study was approved by the Ethics Committee of the Hospital 187 

Universitario de La Ribera (Alzira, Spain) and conducted in accordance with the 188 

Declaration of Helsinki. Before study participation, all the subjects carefully read 189 

an information leaflet and signed informed consent forms.  190 

 191 

Procedure 192 

Demographic information including age, sex, body mass index and pain 193 

duration were collected by self-report. Participants additionally completed a 11-194 

point numeric rating scale to quantify their current pain intensity and were asked 195 

to complete a pain drawing to illustrate their area of pain.  196 

Subjects then completed the following self-administration questionnaires 197 

in a standardized order: the Western Ontario and McMaster Universities 198 

Arthritis Index (WOMAC) scale, Pain Catastrophizing Scale (PCS), Central 199 

Sensitization Inventory (CSI), painDETECT (PD-Q), Tampa Scale for 200 
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Kinesiophobia (TSK), Pain Vigilance and Awareness Questionnaire (PVAQ) and 201 

the Chronic Pain Acceptance Questionnaire (CPAQ).  202 

Afterwards, a standardized physical examination including physical 203 

performance tests was performed on each participant. Finally, all subjects were 204 

assessed by QST to examine pressure pain thresholds (PPT), TS and 205 

conditioned pain modulation (CPM). All QST was carried out by the same 206 

researcher in one individual session in the laboratories of the Hospital 207 

Universitario de La Ribera (Alzira, Spain). The participants were requested not 208 

to take analgesic medication 24h before the experiment. At the time of 209 

examination, the assessor was blinded to the questionnaire data including 210 

analysis of the scores obtained with pain drawings. Statistical analysis of the 211 

pain drawings data was performed by a researcher who was blinded from the 212 

QST data. 213 

 214 

Measurements 215 

Area of pain  216 

A novel method for obtaining and quantifying the area of pain using a 217 

digital tablet was used.33 Test-retest reliability of this method for acquisition of 218 

pain drawings was recently demonstrated in people with chronic neck and low 219 

back pain.33 Pain drawings were completed on a digital tablet (iPad 2, Apple 220 

Computer, Cupertino, CA, USA) using a stylus pen for digital tablets (CS100B, 221 

Wacom, Vancouver, WA, USA) and a commercially available sketching 222 

software (SketchBook Pro). Depending on the gender of the subject, a male or 223 

female body chart with different views of the knee region (frontal, dorsal) was 224 
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chosen and opened in the sketching software (Figure 1A). The type, size and 225 

colour of the pen stroke were standardized across all participants.  226 

An operator, who trained with the device in clinical practice one month 227 

prior to the start of the study, gave each subject a standardized verbal 228 

explanation on what the pain drawing was and how to complete it using the 229 

digital tablet. The pain drawing was presented to participants as a tool where 230 

they should illustrate precisely where they had felt pain during the previous 231 

week. The assessor highlighted the importance of fully illustrating all pain sites. 232 

After a demonstration and brief training to familiarize the subjects with the 233 

device, they were asked to complete their pain drawings. Participants were 234 

instructed as follows: „Please shade the areas where you felt your usual pain 235 

during the last week on this body chart and try to be as precise as possible‟. 236 

They were instructed to colour every part of the body where they perceived pain 237 

in the previous week, independently from the type and the severity of pain. 238 

Before saving and storing the pain drawing, participants were asked if the pain 239 

drawing corresponded to their real pain distribution. If not, they were given the 240 

possibility to correct the drawing using the “eraser” tool.  241 

A custom software was used to compute the total area of pain for each 242 

subject, and to generate two pain frequency maps (i.e. frontal and dorsal body 243 

chart) separately for men and women.33 The area of pain was expressed as the 244 

total number of pixels coloured inside the frontal and dorsal body chart 245 

perimeter. Thus the area of pain extracted from the dorsal view and frontal view 246 

were combined to generate a single value of area of pain. Pain frequency maps 247 

were obtained by superimposing the pain drawings from all subjects to illustrate 248 

the most frequently reported location of pain across the entire sample. This was 249 
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done for women and men separately. A colour grid was used to indicate the 250 

percentage of individuals that reported pain in that specific area. 251 

 252 

Direct measures of CS 253 

Pressure pain threshold (PPT)  254 

A standardized protocol for evaluating PPT was used.34 Two test sites in 255 

the peripatellar region (3 cm medial and lateral to the midpoint of the medial and 256 

lateral edge of patella, respectively) and one control distant site on the 257 

ipsilateral extensor carpi radialis longus (5 cm distal to lateral epicondyle of 258 

humerus) were selected for PPT measurement.21 The PPT was measured using 259 

an analogue Fisher algometer (Force Dial model FDK 40 Push Pull Force 260 

Gage, Wagner Instruments, P.O.B. 1217, Greenwich CT 06836) with a surface 261 

area at the round tip of 1cm2. The algometer probe tip was applied 262 

perpendicular to the skin at a rate of 1kg/cm2/s until the first onset of pain. PPT 263 

was measured three times on each site with a 30 s interstimulus interval 264 

between each measurement. The mean of the three measurements was used 265 

in the statistical analysis. 266 

 267 

Temporal summation of pain and Conditioned pain modulation (CPM) 268 

For measuring excitability of nociceptive pathways and efficacy of 269 

endogenous pain inhibition, the TS and CPM paradigms were used. TS and 270 

CPM are established ways of measuring excitability of nociceptive pathways 271 

and pain inhibition, respectively.35,36  272 

First, PPTs were measured at the peripatellar region and the ipsilateral 273 

extensor carpi radialis longus as described above. Second, TS was provoked 274 
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by means of 10 consecutive pulses at previously determined PPT at each 275 

location. TS started 2 min after PPT measurement. For each pulse, pressure 276 

was gradually increased at a rate of 2 kg/s to the determined PPT and 277 

maintained for 1 s before being released (1 s interstimulus interval). Pain 278 

intensity of the first, fifth, and tenth pulse was rated on a numerical rating scale 279 

(0: no pain to 10: worst possible pain). Afterwards, a rest period of 5 min was 280 

given.  281 

Third, CPM was induced by combining the TS procedure namely the test 282 

stimulus and an inflated occlusion cuff around the subject‟s arm, contralateral to 283 

the side of the affected knee, to a painful intensity (conditioning stimulus). The 284 

occlusion cuff was inflated at a rate of 20 mm Hg/s until „the first sensation of 285 

pain‟ and maintained for 30 s. Afterwards, pain intensity, as a result of cuff 286 

inflation, was rated on a numerical rating scale. Next, cuff inflation was 287 

increased or decreased until the pain intensity was rated as 3/10. The length of 288 

time to reach 3/10 pain was recorded. TS assessment was then repeated 289 

during maintenance of the cuff inflation.37 290 

The details and data supporting the test-retest reliability and validity of 291 

the protocol for examining TS and CPM are described elsewhere.37 292 

 293 

Indirect measures of CS 294 

Central Sensitization Inventory (CSI) 295 

The Central Sensitization Inventory is a self-report screening instrument 296 

to help identify people with central sensitivity syndromes for which CS may be a 297 

common etiology.38 The part A of the CSI assesses symptoms common to CS 298 

and comprises of 25 items each ranged on a 5-point scale with the end points 299 
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(0) “never” and (4) “always” (range: 0-100). It has high reliability and 300 

validity38 and a cutoff score of 40 out of 100 was able to distinguish between 301 

individuals diagnosed with central sensitivity syndromes and a non-patient 302 

comparison sample (sensitivity = 81%, specificity = 75%).39 The Spanish 303 

version of the CSI was used in this study. 304 

 305 

Neuropathic pain 306 

The Spanish version of the PainDETECT questionnaire (PD-Q) was used 307 

to facilitate the identification of neuropathic pain related to knee OA.40 Although 308 

developed as a screening questionnaire for neuropathic pain, the PD-Q may 309 

also function as a measure of characteristics that indicate augmented central 310 

pain processing in people with knee OA pain.41 311 

The PD-Q is a self-administered questionnaire comprised of 9 items: 312 

seven evaluating pain quality, one pain pattern and one pain radiation, which all 313 

contribute to an aggregate score (range: -1 to 38). Sensitivity, specificity, and 314 

positive predictive values for neuropathic pain symptoms in people with back 315 

pain using the cut-off score of 19 were 85%, 80%, and 83%, respectively.42 The 316 

relationship between PD-Q scores and signs of central sensitization in people 317 

with hip OA has been previously demonstrated.43 318 

 319 

Clinical symptoms 320 

Self-reported knee pain 321 

Participants were asked to indicate the intensity of their pain in the last 322 

week on a numeric rating pain scale ranging from 0 (no pain) to 10 (worst pain 323 

imaginable). The patient-reported numeric rating scale has demonstrated 324 
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good construct validity and moderate to large responsiveness [(standardized 325 

response mean and effect size ranging from 0.6 (hip OA) to 0.9 (knee OA)], for 326 

evaluating functional disability in people with hip and knee osteoarthritis.44 327 

 328 

Physical performance tests 329 

Range of motion measurement for both active knee flexion and extension 330 

and the Timed Up and Go test were performed in each participant. These 331 

objective measures were selected on the basis of their ability to reflect 332 

functional mobility impairments.  333 

High intra- and intertester reliability and criterion validity of goniometry to 334 

measure range of motion has been documented for knee flexion and extension 335 

in subjects with knee restrictions of different etiologies.45 The Timed Up and Go 336 

test is a reliable test with adequate minimum detectable change for clinical use 337 

in individuals with doubtful to moderate (grade 1-3) knee OA.46,47 Intra-rater and 338 

inter-rater reliability of the Timed Up and Go test were 0.97 (95% confidence 339 

interval [CI], 0.95 - 0.98) and 0.96 (95% confidence interval [CI], 0.94 - 0.97), 340 

respectively. Its minimum detectable change, based on measurements 341 

performed by a single rater and between raters, was 1.10 and 1.14 seconds, 342 

respectively.47 343 

 344 

Western Ontario and McMaster Universities (WOMAC) knee osteoarthritis index  345 

The Spanish version of the self-administered Western Ontario and 346 

McMaster Universities (WOMAC) knee osteoarthritis was used.48 The WOMAC 347 

comprises of five items for pain (score range 0–20), two for stiffness (score 348 

range 0–8), and 17 for functional limitation (score range 0–68). Total WOMAC 349 

http://en.wikipedia.org/wiki/Pain
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score and scores from the pain, stiffness and functional subscales were 350 

considered.  Higher scores on the WOMAC indicate worse pain, stiffness, and 351 

functional limitations. The test-retest reliability (intraclass correlation coefficients 352 

range: 0.66 to 0.81), internal consistency (Cronbach's alpha range: 0.81 to 353 

0.93), convergent validity (Pearson's coefficients range: -0.52 to -0.63) and 354 

responsiveness (standardized response mean range: 0.8 to 1.5) of the Spanish 355 

version of the WOMAC has been demonstrated in people with hip and knee 356 

OA.48  357 

 358 

Pain Catastrophizing Scale (PCS) 359 

The Pain Catastrophizing Scale (PCS) is a valid and reliable instrument 360 

to measure pain catastrophizing in older adults with knee OA.49,50 It comprises 361 

of 13 items each ranged on a 5-point scale with the end points (0) “not at all” 362 

and (4) “all the time” (range: 0-52). Higher scores indicate a higher degree of 363 

pain catastrophizing. The Spanish version of the PCS showed appropriate 364 

internal consistency (Cronbach‟s alpha=0.79), test-retest reliability (intraclass 365 

correlation coefficient=0.84) and sensitivity to change (effect size<or=2) in 366 

patients with fibromyalgia.51 367 

 368 

Tampa Scale of Kinesiophobia (TSK) 369 

The Spanish version of the TSK-11 was used.52 The TSK-11 is an 11-370 

item questionnaire assessing fear of movement or fear of (re)injury during 371 

movement and eliminates psychometrically poor items from the original version 372 

of the TSK,53 thus creating a shorter questionnaire with comparable internal 373 

consistency. It is comprised of 11 items each ranged on a 4-point scale with the 374 
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end points (1) “totally agree” and (4) “totally disagree” (range: 11-44). The TSK-375 

11 has a 2-factor structure: activity avoidance and harm, and has demonstrated 376 

acceptable internal consistency and validity (convergent and predictive) in both 377 

subjects with acute (Cronbach‟s alpha= 0.79) and chronic musculoskeletal pain 378 

(Cronbach‟s alpha= 0.79).52 Higher scores indicate more fear-avoidance 379 

behavior. 380 

 381 

Pain Vigilance and Awareness Questionnaire (PVAQ) 382 

The Spanish version of the Pain Vigilance and Awareness Questionnaire 383 

(PVAQ) was used to evaluate participants‟ preoccupation with or attention to 384 

pain associated with pain-related fear and perceived pain severity.54 The PVAQ 385 

comprises of nine items each rated on a scale from 0 (never) to 5 (always) 386 

(range: 0-45). Higher scores indicate a higher degree of pain vigilance and 387 

awareness. Psychometric properties of the PVAQ were previously reported in 388 

people with chronic back pain54 and fibromyalgia55,56 showing good internal 389 

consistency,55,56 reliability54,55 and validity.54,55 A cutoff score of 24.5 out of 45 390 

was able to identify fibromyalgia women with worse daily functioning with a 391 

sensitivity of .71 and a specificity of .75.55 392 

 393 

Chronic Pain Acceptance Questionnaire (CPAQ) 394 

The Chronic Pain Acceptance Questionnaire (CPAQ) is the questionnaire 395 

most often used to measure pain acceptance in chronic pain populations.57 It 396 

comprises of 20 items each rated on a scale from 0 (never true)  to 6 (always 397 

true) (range: 0-120) and it has a two-factor structure: activities engagement and 398 

pain willingness. The total score results from the sum of these two factors with 399 
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higher scores indicating a higher degree of chronic pain acceptance. The 400 

Spanish version of the CPAQ, which is reliable (intraclass correlation 401 

coefficient=0.83) and has valid construct validity (Cronbach's alpha: 0.83) for 402 

people with fibromyalgia, was used in this study.57 403 

 404 

Statistical analysis 405 

Distribution of the data was tested with the Shapiro-Wilk test and non-406 

normally distributed data were identified. Descriptive statistics were used to 407 

describe the baseline characteristics of the individuals with knee OA pain. A 408 

Mann-Whitney U test was run to determine if there were differences in baseline 409 

clinical variables between males and females. Pain frequency maps were 410 

generated by superimposing the scores obtained with pain drawings 411 

considering men and women separately. TS was calculated as the difference 412 

percentage between the 10th and the 1st pain rating score before occlusion 413 

using the formula: ((TS10th-TS1st)/TS1st)*100.58 The outcome measure for 414 

CPM was calculated as the difference between the 10th pain rating score 415 

before occlusion and the 10th during occlusion.37 Spearman‟s correlation 416 

coefficients were computed to reveal possible correlations: (1) between the area 417 

of pain and direct measures of CS (i.e. PPT knee, PPT epicondyle, knee TS,  418 

epicondyle TS, knee CPM, epicondyle CPM), (2) between the area of pain and 419 

indirect measures of CS (i.e. CSI and PD-Q) and (3) between the area of pain 420 

and clinical symptoms (i.e. VAS, WOMAC, WOMAC pain subscale, WOMAC 421 

stiffness subscale, WOMAC functional limitation scale, PCS, TSK, PVAQ, 422 

CPAQ). Statistical analyses were performed using SPSS 22 (SPSS INc, 423 

Chicago, IL, USA). The significance level was set at P < 0.05. 424 
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Results 425 

Fifty-three individuals with knee OA (34 woman and 19 men) were 426 

enrolled in the study. Subjects‟ demographic data are reported in Table 1 and 427 

clinical characteristics and measurements of CS are detailed in Table 2. Mean 428 

and median scores for the area of pain, ROM for active knee flexion, Timed Up 429 

and Go test, WOMAC and WOMAC pain and functional limitation subscale, 430 

PCS, CPAQ, TSK, CSI, PD-Q and PPT at the knee were significantly different 431 

between males and females (p<0.05). Seven out of the fifty-three subjects 432 

(13.2%) had scores that correspond to likely neuropathic pain (≥19 on the PD-433 

Q). 434 

The area of pain was 12766 ± 13494 pixels across the entire group of 435 

subjects whereas it was 15012 ± 14327 and 8747 ± 11096 pixels for women 436 

and men, respectively.  437 

Pain frequency maps for the individuals with knee OA are illustrated in 438 

Figure 1B and correlations between the area of pain and measures of CS and 439 

clinical symptoms are reported in Table 3.  440 

 441 

Area of pain and direct and indirect measures of CS 442 

Significant correlations were identified between the area of pain and PPT 443 

at the knee (rs= -.306, P < 0.05) and epicondyle (rs= -.308, P < 0.05) signifying 444 

lower PPT at both sites in individuals with larger pain areas. Figure 2 visualizes 445 

the relationship between the area of pain and the PPT for both knee and 446 

epicondyle. No significant associations were observed between the area of pain 447 

and TS (rs= -.0183 knee, -.087 epicondyle) or the area of pain and CPM (rs= -448 

.066 knee, -.040 epicondyle). A significant correlation was identified between 449 
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the area of pain and the CSI score (rs=.456, P < 0.01); subjects with higher 450 

scores on the CSI showed larger areas of pain.  451 

 452 

Area of pain and clinical symptoms  453 

Higher scores on the pain (rs=.325, P < 0.05) and stiffness (rs=.341, P < 454 

0.05) subscale of the WOMAC were significantly associated with larger pain 455 

areas. 456 

 457 

Discussion 458 

Several methods for illustrating the area of pain in people with chronic 459 

knee OA pain have been used. We explored, for the first time, the utility of a 460 

novel digital device using two-dimensional body charts for acquisition and 461 

analysis of the scores obtained with pain drawings33 in a sample of individuals 462 

with chronic knee OA pain. Through a digital tablet using a user-friendly digital 463 

device, participants reported their pattern of pain on a body chart. Other 464 

systems such as the photographic knee pain map have shown good validity and 465 

reliability for people with regional knee pain to identify its location.20  466 

 467 

Area of pain and direct and indirect measures of CS 468 

The results of this study showed a significant positive correlation 469 

between the area of pain and some direct and indirect measures of CS. On the 470 

one hand, a more expanded distribution of pain was correlated with a lower 471 

PPT at a remote site from the knee (i.e. epicondyle). Increased pain sensitivity 472 

distantly from the knee may reflect widespread hyperalgesia thus providing 473 

evidence of CS in people with knee OA.9,10,12 On the other hand, we found that 474 
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a greater expansion of symptoms was associated with a higher degree of 475 

subjective CS pain descriptors as assessed with the CSI questionnaire. The 476 

CSI was recently shown to be a useful and a valid instrument for screening 477 

people with central sensitivity syndromes.59 In addition, individuals with knee 478 

OA pain with preoperative high levels of comorbid centrally mediated symptoms 479 

measured by the CSI showed severe pain, increased analgesic requirements 480 

and were at higher risk of persistent pain after total knee arthroplasty in the 481 

early postoperative period.60 482 

Previous studies have established associations between the scores 483 

obtained with pain drawings and central pain mechanisms, although in non-OA 484 

populations. For instance, a significant correlation between non-organic pain 485 

drawings and higher scores with the Waddell's non-organic physical signs was 486 

found in people with chronic low back pain.61 Waddell‟s signs include physical 487 

signs or symptoms that are inconsistent with pathology and are suggestive of 488 

the presence of symptom magnification or pain behavior.62 Nonorganic pain 489 

drawings were defined as those with poorly defined pain patterns, bizarre or 490 

non-anatomical pain areas.61 In addition, nonorganic pain drawings were 491 

associated with maladaptive psychosocial factors (i.e. high levels of 492 

catastrophizing, anxiety and depression) in people with chronic neck-shoulder 493 

and lower-back/lower limb pain63 and chronic low back pain.64 However, 494 

maladaptive psychosocial factors including magnified symptom behavior as 495 

assessed with the Waddell's scale provide no direct evidence for CS. In fact, 496 

psychosocial factors were not included as essential criteria for classification of 497 

CS pain as they are also prevalent in nociceptive and neuropathic pain.14 498 
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 Based on results of the PD-Q, 13.2% of our sample had scores that 499 

correspond to likely neuropathic pain (≥19). These results are comparable to 500 

those reported by Valdes and colleagues65, where 14.8% of people with knee 501 

OA pain had likely neuropathic pain, and superior to the percentage obtained by 502 

Ohtori et al.66 (e.g. 5.4%). Some studies have inferred CS based on 503 

neuropathic-like descriptors of symptoms.67,68 Contrary to what may have been 504 

expected, we did not find an association between the presence of a more 505 

expanded distribution of pain and self-reported neuropathic pain scores. This 506 

lack of association may be either due to the small number of participants with 507 

likely neuropathic pain or to the fact that we used the PD-Q and not the 508 

modified version of this questionnaire (mPD-Q) recently recommended for the 509 

OA pain population.67 Like the original PD-Q, the mPD-Q is comprised of nine 510 

items but with some modifications adapted to people with OA, such as framing 511 

of questions to ask about symptoms „in or around‟ the worst knee, over a 512 

specific time frame. Also, the presence of more extended areas of pain in 513 

people with knee OA may reflect non-neuropathic CS rather than neuropathic 514 

pain, making the lack of association between the scores obtained from the pain 515 

drawings and the PD-Q plausible.  516 

No significant associations were observed between the area of pain and 517 

TS or the area of pain and CPM. Pain associated with knee OA is recognized 518 

as a complex phenomenon encompassing several mechanisms such as 519 

CS.69,70 The quantification of CS is in turn multidimensional by including several 520 

objective QST techniques such as pain and tolerance thresholds, spatial 521 

summation, TS or CPM.9,10,12 These QST techniques assess the same 522 

underlying biological concept (CS), but in its different manifestations related to 523 



22 
 

the different aspects of sensitization. This could justify why the areas of pain as 524 

assessed with pain drawings were correlated with some (PPT) but no other pain 525 

biomarkers of CS such as TS and CPM. 526 

 527 

Area of pain and clinical symptoms  528 

A significant positive correlation between knee pain severity and stiffness 529 

and the area of pain reported by subjects was observed. Although the area of 530 

pain, pain intensity and stiffness are variables assessing different constructs, it 531 

could be expected that people with knee OA with more diffuse or more 532 

extended areas of pain would report higher pain intensity and stiffness scores. 533 

As seen in the pain frequency maps, the most common pattern of pain reported 534 

by our sample was anterior knee pain, in particular medial knee and peripatellar 535 

pain, which is in accordance with previous research.19,20,25,26 Interestingly, 536 

besides local knee symptoms, many participants also perceived enlarged and 537 

distant pain areas as can be seen in Figure 1B. This expansion of pain to larger 538 

areas may reflect the presence of CS in these individuals.12 Although using an 539 

experimental pain design, Bajaj and colleagues also showed significantly larger 540 

referred pain areas after intramuscular hypertonic saline infusion in subjects 541 

with knee OA, when compared with controls.71 Referred pain is a phenomenon 542 

attributed to CS.12,15 In addition, enlarged areas of pain were observed in 543 

individuals with knee OA pain, in particular in those with more persistent and 544 

severe symptoms.19  545 

In our study, enlarged areas of pain were especially noticeable in 546 

women. This finding is consistent with previous research where the most 547 

sensitized-groups of subjects with knee OA pain contained more women than 548 
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men.72,73 In addition, a recent study74 looking at the moderator effect of sex in 549 

centrally-mediated changes in people with knee OA pain, found a greater 550 

number of pain sites reported by women relative to men (p=.001).  551 

Psychosocial variables were unrelated to the area of pain in our study. 552 

This lack of correlation is in accordance with previous research done in non-OA 553 

pain populations, where no correlation between the area of pain and the 554 

individual psychological state was demonstrated.75 Indeed, a systematic review 555 

on pain drawings did not support the assumption that unusual or extensive pain 556 

drawings indicate disturbed psychological state.24  557 

In this study, there are some methodological issues that should be 558 

considered. We didn‟t collect information on the reliability or stability of pain 559 

location over time in our sample. Reliability was assumed based on previous 560 

studies using this method for pain drawings analysis in other chronic pain 561 

populations (e.g. chronic low back and neck pain).33 Expanded distribution of 562 

pain (e.g. referred pain) may be more commonly observed in those populations 563 

as compared to individuals with knee OA pain, although no comparative data 564 

exist in that regard. Our assumption may thus have influenced the results of this 565 

study. Future research is therefore warranted to evaluate the clinimetric 566 

properties of pain drawings in people with knee OA pain.  567 

In addition, as positive and negative predictive values of pain drawings 568 

were not calculated and the study design was cross-sectional, firm conclusions 569 

about the predictive role of pain drawings on knee OA pain cannot be drawn. 570 

Future studies could for instance explore the possible association between the 571 

scores obtained with pain drawings and outcome measures after treatment (i.e. 572 

surgery), to determine the real clinical utility of pain drawings for people with 573 
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knee OA pain. In this regard, Skou and colleagues found that subjects 574 

with pain after re-total knee arthroplasty demonstrated significantly more 575 

pain sites using a region-divided body chart when compared to participants 576 

without pain.22  577 

Screening for the presence of concurrent comorbidities (e.g. hip joint or 578 

lumbar spine pathology, fibromyalgia) was not performed in this study. 579 

However, these comorbid conditions could have influenced the patterns of pain 580 

described by participants. For instance, referred pain from the lumbar spine 581 

may have contributed to the posterior areas of symptoms especially noted in 582 

female.  583 

Despite the associations between direct and indirect measures of CS and 584 

the area of pain, it must be noted that most associations were not statistically 585 

significant. Only two (i.e. PPT and CSI) of the six measures of CS were 586 

significantly associated with an expanded distribution of pain. In addition, even 587 

though positive associations were observed, the strength of those associations 588 

was low as reflected by the small amount of the variance of CS (i.e. 9%) 589 

explained by the areas of pain.  590 

Examining TS directly before measurement of CPM is a challenge, as the 591 

TS measurement could potentially have an effect on the results of CPM testing. 592 

However, we performed the measurement of CPM five minutes after the TS 593 

procedure following the protocol described by others.37 TS is short-lasting; the 594 

effects last for no more than a couple of  seconds-to-minutes after stimulus 595 

application.3 Therefore, a 5 minute wash-out period in between procedures was 596 

deemed appropriate to preclude a carry-over effect. 597 
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 In conclusion, this study has shown that the area of pain reported by 598 

individuals with knee OA pain is associated with some measures of CS. Given 599 

the significant role CS plays in a subgroup of people with knee OA pain and that 600 

CS can mediate treatment responses (i.e. after surgery76,77), classification of 601 

people with knee OA pain in terms of pain mechanisms is a research 602 

priority.6,23,78 However, since costly and unattainable laboratory equipment is 603 

usually necessary for diagnosis, identification of CS is clinically challenging. In 604 

this regard, pain drawings may constitute an easy and cheap way for the early 605 

identification of CS in people with knee OA pain. Clinicians should be attentive 606 

for individuals showing extended areas of pain as this may be an indicator of 607 

CS. However, further evaluation of the reliability and validity of pain area 608 

reported on pain drawings in this population is required before its use can be 609 

advocated in clinical practice. 610 

 611 

 612 

 613 

 614 

 615 

 616 

 617 

 618 

 619 

 620 

 621 



26 
 

References 622 

 623 

1. Lluch E, Torres R, Nijs J, Van Oosterwijck J. Evidence for central 624 

sensitization in patients with osteoarthritis pain: a systematic literature 625 

review. Eur J Pain. 2014;18(10):1367-75. 626 

2. Fingleton C, Smart K, Moloney N, Fullen BM, Doody C. Pain 627 

sensitization in people with knee osteoarthritis: A systematic review 628 

and meta-analysis. Osteoarthritis Cartilage. 2015 Mar 4. pii: S1063-629 

4584(15)00207-1. doi:10.1016/j.joca.2015.02.163. [Epub ahead of 630 

print]. 631 

3. Woolf CJ. Central sensitization: implications for the diagnosis and 632 

treatment of pain. Pain. 2011;152(3 Suppl):S2-15. 633 

4. Baert IA, Lluch E, Mulder T, Nijs J, Noten S, Meeus M. Does pre-634 

surgical central modulation of pain influence outcome after total knee 635 

replacement? A systematic review. Osteoarthritis Cartilage. 2015 Sep 636 

14. pii: S1063-4584(15)01314-X. doi: 10.1016/j.joca.2015.09.002. 637 

[Epub ahead of print] 638 

5. Petersen KK, Arendt-Nielsen L, Simonsen O, Wilder-Smith O, Laursen 639 

MB. Presurgical assessment of temporal summation of pain predicts 640 

the development of chronic postoperative pain 12 months after total 641 

knee replacement. Pain. 2015;156(1):55-61. 642 

6. Lluch Girbés E, Nijs J, Torres-Cueco R, López Cubas C. Pain 643 

treatment for patients with osteoarthritis and central sensitization. Phys 644 

Ther. 2013;93(6):842-51. 645 



27 
 

7. Parks EL, Geha PY, Baliki MN, Katz J, Schnitzer TJ, Apkarian AV. 646 

Brain activity for chronic knee osteoarthritis: dissociating evoked pain 647 

from spontaneous pain. Eur J Pain. 2011;15(8):843.e1-14. 648 

8. Gwilym SE, Keltner JR, Warnaby CE, Carr AJ, Chizh B, Chessell I, 649 

Tracey I. Psychophysical and functional imaging evidence supporting 650 

the presence of central sensitization in a cohort of osteoarthritis 651 

patients. Arthritis Rheum. 2009;61(9):1226-34. 652 

9. Suokas AK, Walsh DA, McWilliams DF, Condon L, Moreton B, Wylde 653 

V, Arendt-Nielsen L, Zhang W. Quantitative sensory testing in painful 654 

osteoarthritis: a systematic review and meta-analysis. Osteoarthritis 655 

Cartilage. 2012;20(10):1075-85. 656 

10. Courtney CA, Kavchak AE, Lowry CD, O'Hearn MA. Interpreting joint 657 

pain: quantitative sensory testing in musculoskeletal management. J 658 

Orthop Sports Phys Ther. 2010;40(12):818-25. 659 

11. Howard MA, Sanders D, Krause K, O'Muircheartaigh J, Fotopoulou A, 660 

Zelaya F, Thacker M, Massat N, Huggins JP, Vennart W, Choy E, 661 

Daniels M, Williams SC. Alterations in resting-state regional cerebral 662 

blood flow demonstrate ongoing pain in osteoarthritis: An arterial spin-663 

labeled magnetic resonance imaging study. Arthritis Rheum. 664 

2012;64(12):3936-46. 665 

12. Arendt-Nielsen L, Skou ST, Nielsen TA, Petersen KK. Altered Central 666 

Sensitization and Pain Modulation in the CNS in Chronic Joint Pain. 667 

Curr Osteoporos Rep. 2015;13(4):225-34. 668 



28 
 

13. Lim EC, Sterling M, Stone A, Vicenzino B. Central hyperexcitability as 669 

measured with nociceptive flexor reflex threshold in chronic 670 

musculoskeletal pain: a systematic review. Pain. 2011;152(8):1811-20. 671 

14. Nijs J, Torres-Cueco R, van Wilgen CP, Girbes EL, Struyf F, Roussel 672 

N, van Oosterwijck J, Daenen L, Kuppens K, Vanwerweeen L, 673 

Hermans L, Beckwee D, Voogt L, Clark J, Moloney N, Meeus M. 674 

Applying modern pain neuroscience in clinical practice: criteria for the 675 

classification of central sensitization pain. Pain Physician. 676 

2014;17(5):447-57. 677 

15. Graven-Nielsen T, Arendt-Nielsen L. Assessment of mechanisms in 678 

localized and widespread musculoskeletal pain. Nat Rev Rheumatol. 679 

2010;6(10):599-606. 680 

16. Arendt-Nielsen L, Graven-Nielsen T. Translational musculoskeletal 681 

pain research. Best Pract Res Clin Rheumatol. 2011;25(2):209-26. 682 

17. Creamer P, Lethbridge-Cejku M, Hochberg MC. Where does it hurt? 683 

Pain localization in osteoarthritis of the knee. Osteoarthritis Cartilage. 684 

1998;6(5):318-23. 685 

18. Sengupta M, Zhang YQ, Niu JB, Guermazi A, Grigorian M, Gale D, 686 

Felson DT, Hunter DJ. High signal in knee osteophytes is not 687 

associated with knee pain. Osteoarthritis Cartilage. 2006;14(5):413-7. 688 

19. Wood LR, Peat G, Thomas E, Duncan R. Knee osteoarthritis in 689 

community-dwelling older adults: are there characteristic patterns of 690 

pain location? Osteoarthritis Cartilage. 2007;15(6):615-23. 691 

20. Thompson LR, Boudreau R, Hannon MJ, Newman AB, Chu CR, 692 

Jansen M, Nevitt MC, Kwoh CK; Osteoarthritis Initiative Investigators. 693 



29 
 

The knee pain map: reliability of a method to identify knee pain location 694 

and pattern. Arthritis Rheum. 2009;61(6):725-31. 695 

21. Arendt-Nielsen L, Nie H, Laursen MB, Laursen BS, Madeleine P, 696 

Simonsen OH, Graven-Nielsen T. Sensitization in patients with painful 697 

knee osteoarthritis. Pain. 2010;149(3):573-81. 698 

22. Skou ST, Graven-Nielsen T, Rasmussen S, Simonsen OH, Laursen 699 

MB, Arendt-Nielsen L. Widespread sensitization in patients with chronic 700 

pain after revision total knee arthroplasty. Pain. 2013;154(9):1588-94. 701 

23. Arendt-Nielsen L, Egsgaard LL, Petersen KK, Eskehave TN, Graven-702 

Nielsen T, Hoeck HC, Simonsen O. A mechanism-based pain 703 

sensitivity index to characterize knee osteoarthritis patients with 704 

different disease stages and pain levels. Eur J Pain. 2014 Dec 29. doi: 705 

10.1002/ejp.651. [Epub ahead of print]. 706 

24. Carnes D, Ashby D, Underwood M. A systematic review of pain 707 

drawing literature: should pain drawings be used for psychologic 708 

screening? Clin J Pain. 2006;22:449–457. 709 

25. Debi R, Mor A, Segal G, Debbi EM, Cohen MS, Igolnikov I, Bar Ziv Y, 710 

Benkovich V, Bernfeld B, Rozen N, Elbaz A. Differences in gait pattern 711 

parameters between medial and anterior knee pain in patients with 712 

osteoarthritis of the knee. Clin Biomech (Bristol, Avon). 713 

2012;27(6):584-7. 714 

26. Liddle AD, Pandit H, Jenkins C, Price AJ, Dodd CA, Gill HS, Murray 715 

DW. Preoperative pain location is a poor predictor of outcome after 716 

Oxford unicompartmental knee arthroplasty at 1 and 5 years. Knee 717 

Surg Sports Traumatol Arthrosc. 2013;21(11):2421-6. 718 



30 
 

27. Riddle DL, Stratford PW. Knee pain during daily tasks, knee 719 

osteoarthritis severity, and widespread pain. Phys Ther. 720 

2014;94(4):490-8. 721 

28. Dimitroulas T, Duarte RV, Behura A, Kitas GD, Raphael JH. 722 

Neuropathic pain in osteoarthritis: a review of pathophysiological 723 

mechanisms and implications for treatment. Semin Arthritis Rheum. 724 

2014;44(2):145-54. 725 

29. Somers TJ, Keefe FJ, Godiwala N, Hoyler GH. Psychosocial factors 726 

and the pain experience of osteoarthritis patients: new findings and 727 

new directions. Curr Opin Rheumatol. 2009;21(5):501-6. 728 

30. Kellgren J, Lawrence J. Radiologic assessment of osteoarthritis. Ann 729 

Rheum Dis. 1957;16: 494–501. 730 

31. Ahlbäck S. Osteoarthrosis of the knee: a radiographic investigation. 731 

Acta Radiol Diagn (Stockh). 1968:Suppl 277:7-72. 732 

32. Altman R, Asch E, Bloch D, Bole G, Borenstein D, Brandt K, Christy W, 733 

Cooke TD, Greenwald R, Hochberg M, et al. Development of criteria 734 

for the classification and reporting of osteoarthritis. Classification of 735 

osteoarthritis of the knee. Diagnostic and Therapeutic Criteria 736 

Committee of the American Rheumatism Association. Arthritis Rheum. 737 

1986;29(8):1039-49. 738 

33. Barbero M, Moresi F, Leoni D, Gatti R, Egloff M, Falla D. Test-retest 739 

reliability of pain extent and pain location using a novel method for pain 740 

drawing analysis. Eur J Pain. 2015 Jan 6. doi: 10.1002/ejp.636. [Epub 741 

ahead of print]. 742 



31 
 

34. Rolke R, Baron R, Maier C, Tölle TR, Treede RD, Beyer A, Binder A, 743 

Birbaumer N, Birklein F, Bötefür IC, Braune S, Flor H, Huge V, Klug R, 744 

Landwehrmeyer GB, Magerl W, Maihöfner C, Rolko C, Schaub C, 745 

Scherens A, Sprenger T, Valet M, Wasserka B. Quantitative sensory 746 

testing in the German Research Network on Neuropathic Pain (DFNS): 747 

standardized protocol and reference values. Pain. 2006;123(3):231-43. 748 

35. Yarnitsky D, Arendt-Nielsen L, Bouhassira D, et al. Recommendations 749 

on terminology and practice of psychophysical DNIC testing. Eur J Pain 750 

2010; 14(4): 339. 751 

36. Staud R, Robinson ME, Price DD. Temporal summation of second pain 752 

and its maintenance are useful for characterizing widespread central 753 

sensitization of fibromyalgia patients. J Pain 2007; 8(11): 893-901. 754 

37. Cathcart S, Winefield AH, Rolan P, Lushington K. Reliability of 755 

temporal summation and diffuse noxious inhibitory control. Pain Res 756 

Manag. 2009;14(6):433-8. 757 

38. Mayer TG, Neblett R, Cohen H, Howard KJ, Choi YH, Williams MJ, 758 

Perez Y, Gatchel RJ. The development and psychometric validation of 759 

the central sensitization inventory. Pain Pract. 2012;12(4):276-85. 760 

39. Neblett R, Cohen H, Choi Y, Hartzell MM, Williams M, Mayer TG, 761 

Gatchel RJ. The Central Sensitization Inventory (CSI): establishing 762 

clinically significant values for identifying central sensitivity syndromes 763 

in an outpatient chronic pain sample. J Pain. 2013;14(5):438-45. 764 

40. De Andrés J, Pérez-Cajaraville J, Lopez-Alarcón MD, López-Millán JM, 765 

Margarit  C, Rodrigo-Royo MD, Franco-Gay ML, Abejón D, Ruiz MA, 766 



32 
 

López-Gomez V, Pérez M. Cultural adaptation and validation of the 767 

painDETECT scale into Spanish. Clin J Pain. 2012;28(3):243-53. 768 

41. Moreton BJ, Tew V, das Nair R, Wheeler M, Walsh DA, Lincoln NB. 769 

Pain phenotype in patients with knee osteoarthritis: classification and 770 

measurement properties of painDETECT and self-report Leeds 771 

assessment of neuropathic symptoms and signs scale in a cross-772 

sectional study. Arthritis Care Res (Hoboken). 2015;67(4):519-28. 773 

42. Freynhagen R, Baron R, Gockel U, Tolle T. painDETECT: a new 774 

screening questionnaire to identify neuropathic components in patients 775 

with back pain. Curr Med Res Opin 2006;22(10):1911e20. 776 

43. Gwilym SE, Keltner JR, Warnaby CE, Carr AJ, Chizh B, Chessell I, 777 

Tracey I. Psychophysical and functional imaging evidence supporting 778 

the presence of central sensitization in a cohort of osteoarthritis 779 

patients. Arthritis Rheum. 2009;61(9):1226-34. 780 

44. Ornetti P, Dougados M, Paternotte S, Logeart I, Gossec L. Validation 781 

of a numerical rating scale to assess functional impairment in hip and 782 

knee osteoarthritis: comparison with the WOMAC function scale. Ann 783 

Rheum Dis. 2011May;70(5):740-6. 784 

45. Brosseau L, Balmer S, Tousignant M, O'Sullivan JP, Goudreault C, 785 

Goudreault M, Gringras S. Intra- and intertester reliability and criterion 786 

validity of the parallelogram and universal goniometers for measuring 787 

maximum active knee flexion and extension of patients with knee 788 

restrictions. Arch Phys Med Rehabil. 2001;82(3):396-402.  789 



33 
 

46. Piva SR, Fitzgerald GK, Irrgang JJ, Bouzubar F, Starz TW. Get up and 790 

go test in patients with knee osteoarthritis. Arch Phys Med Rehabil. 791 

2004;85(2):284-9. 792 

47. Alghadir A, Anwer S, Brismée JM. The reliability and minimal 793 

detectable change of Timed Up and Go test in individuals with grade 1-794 

3 knee osteoarthritis. BMC Musculoskelet Disord. 2015;16:174. 795 

48. Escobar A, Quintana JM, Bilbao A, Azkárate J, Güenaga JI. Validation 796 

of the Spanish version of the WOMAC questionnaire for patients with 797 

hip or knee osteoarthritis. Western Ontario and McMaster Universities 798 

Osteoarthritis Index. Clin Rheumatol. 2002;21(6):466-71. 799 

49. Keefe FJ, Lefebvre JC, Egert JR, Affleck G, Sullivand MJ, Caldwella 800 

DS. The relationship of gender to pain, pain behavior, and disability in 801 

osteoarthritis patients: the role of catastrophizing. Pain. 802 

2000;87:325e34. 803 

50. Sullivan MJL, Bishop SR. Pain catastrophizing scale: development and 804 

validation. Psychol Assess. 1995;7(4):524e32. 805 

51. García Campayo J, Rodero B, Alda M, Sobradiel N, Montero J, Moreno 806 

S. [Validation of the Spanish version of the Pain Catastrophizing Scale 807 

in fibromyalgia]. Med Clin (Barc). 2008;131(13):487-92. 808 

52. Gómez-Pérez L, López-Martínez AE, Ruiz-Párraga GT. Psychometric 809 

properties of the Spanish version of the Tampa Scale for Kinesiophobia 810 

(TSK). J Pain 2011; 12:425-435. 811 

53. Kori SH, Miller RP, Todd DD. Kinesiophobia: A new view of chronic 812 

pain behavior. Pain Manag 1990; 3:35-43. 813 



34 
 

54. Esteve R, Ramírez-Maestre C, López-Martínez AE. Empirical evidence 814 

of the validity of the Spanish version of the pain vigilance awareness 815 

questionnaire. Int J Behav Med. 2013;20(1):59-68. 816 

55. Pilar Martínez M, Miró E, Sánchez AI, Lami MJ, Prados G, Ávila D. 817 

Spanish version of the Pain Vigilance and Awareness Questionnaire: 818 

psychometric properties in a sample of women with fibromyalgia. Span 819 

J Psychol. 2015;17:E105. 820 

56. Roelofs J, Peters ML, McCracken L, Vlaeyen JW. The pain vigilance 821 

and awareness questionnaire (PVAQ): further psychometric evaluation 822 

in fibromyalgia and other chronic pain syndromes. Pain. 823 

2003;101(3):299-306. 824 

57. Rodero B, García-Campayo J, Casanueva B, del Hoyo YL, Serrano-825 

Blanco A, Luciano JV. Validation of the Spanish version of the Chronic 826 

Pain Acceptance Questionnaire (CPAQ) for the assessment of 827 

acceptance in fibromyalgia. Health Qual Life Outcomes. 2010;8:37. 828 

58. Anderson RJ, Craggs JG, Bialosky JE, Bishop MD, George SZ, Staud 829 

R, Robinson ME. Temporal summation of second pain: variability in 830 

responses to a fixed protocol. Eur J Pain. 2013;17(1):67-74. 831 

59. Neblett R, Hartzell MM, Cohen H, Mayer TG, Williams M, Choi Y, 832 

Gatchel RJ. Ability of the central sensitization inventory to identify 833 

central sensitivity syndromes in an outpatient chronic pain sample. Clin 834 

J Pain. 2015;31(4):323-32. 835 

60. Kim SH, Yoon KB, Yoon DM, Yoo JH, Ahn KR. Influence of Centrally 836 

Mediated Symptoms on Postoperative Pain in Osteoarthritis Patients 837 



35 
 

Undergoing Total Knee Arthroplasty: A Prospective Observational 838 

Evaluation. Pain Pract. 2015;15(6):E46-53. 839 

61. Chan CW, Goldman S, Ilstrup DM, Kunselman AR, O'Neill PI. The pain 840 

drawing and Waddell's nonorganic physical signs in chronic low-back 841 

pain. Spine (Phila Pa 1976). 1993;18(13):1717-22. 842 

62. Waddell G, McCulloch JA, Kummel E, Venner RM. Nonorganic 843 

physical signs in low-back pain. Spine (Phila Pa 1976). 1980;5(2):117-844 

25. 845 

63. Hayashi K, Arai YC, Morimoto A, Aono S, Yoshimoto T, Nishihara M, 846 

Osuga T, Inoue S, Ushida T. Associations Between Pain drawing and 847 

Psychological Characteristics of Different Body Region Pains. Pain 848 

Pract. 2014 Feb 27. doi: 10.1111/papr.12173. [Epub ahead of print]. 849 

64. Dahl B, Gehrchen PM, Kiaer T, Blyme P, Tøndevold E, Bendix T. 850 

Nonorganic pain drawings are associated with low psychological 851 

scores on the preoperative SF-36 questionnaire in patients with chronic 852 

low back pain. Eur Spine J. 2001;10(3):211-4. 853 

65. Valdes AM, Suokas AK, Doherty SA, Jenkins W, Doherty M. History of 854 

knee surgery is associated with higher prevalence of neuropathic pain-855 

like symptoms in patients with severe osteoarthritis of the knee. Semin 856 

Arthritis Rheum. 2014;43(5):588-92. 857 

66. Ohtori S, Orita S, Yamashita M, Ishikawa T, Ito T, Shigemura T, 858 

Nishiyama H, Konno S, Ohta H, Takaso M, Inoue G, Eguchi Y, Ochiai 859 

N, Kishida S, Kuniyoshi K,Aoki Y, Arai G, Miyagi M, Kamoda H, 860 

Suzkuki M, Nakamura J, Furuya T, Kubota G,Sakuma Y, Oikawa Y, 861 

Suzuki M, Sasho T, Nakagawa K, Toyone T, Takahashi K. Existence of 862 



36 
 

a neuropathic pain component in patients with osteoarthritis of the 863 

knee. Yonsei Med J. 2012;53(4):801-5.  864 

67. Hochman JR, Gagliese L, Davis AM, Hawker GA. Neuropathic pain 865 

symptoms in a community knee OA cohort. Osteoarthritis Cartilage. 866 

2011;19(6):647-54. 867 

68. Hochman JR, Davis AM, Elkayam J, Gagliese L, Hawker GA. 868 

Neuropathic pain symptoms on the modified painDETECT correlate 869 

with signs of central sensitization in knee osteoarthritis. Osteoarthritis 870 

Cartilage. 2013;21(9):1236-42. 871 

69. Skou ST, Roos EM, Simonsen O, Laursen MB, Rathleff MS, Arendt-872 

Nielsen L, Rasmussen S. The efficacy of non-surgical treatment on 873 

pain and sensitization in patients with knee osteoarthritis: a pre-defined 874 

ancillary analysis from a randomized controlled trial. Osteoarthritis 875 

Cartilage. 2015 Aug 1. pii:S1063-4584(15)01256-X. doi: 876 

10.1016/j.joca.2015.07.013. [Epub ahead of print]. 877 

70. Kittelson AJ, George SZ, Maluf KS, Stevens-Lapsley JE. Future 878 

directions in painful knee osteoarthritis: harnessing complexity in a 879 

heterogeneous population. Phys Ther. 2014;94(3):422-32. 880 

71. Bajaj P, Bajaj P, Graven-Nielsen T, Arendt-Nielsen L. Osteoarthritis 881 

and its association with muscle hyperalgesia: an experimental 882 

controlled study. Pain. 2001;93(2):107-14. 883 

72. Arendt-Nielsen L, Eskehave TN, Egsgaard LL, Petersen KK, Graven-884 

Nielsen T,Hoeck HC, Simonsen O, Siebuhr AS, Karsdal M, Bay-885 

Jensen AC. Association between experimental pain biomarkers and 886 



37 
 

serologic markers in patients with different degrees of painful knee 887 

osteoarthritis. Arthritis Rheumatol. 2014;66(12):3317-26. 888 

73. Sluka KA, Berkley KJ, O'Connor MI, Nicolella DP, Enoka RM, Boyan 889 

BD, Hart DA, Resnick E, Kwoh CK, Tosi LL, Coutts RD, Kohrt WM. 890 

Neural and psychosocial contributions to sex differences in knee 891 

osteoarthritic pain. Biol Sex Differ.2012;3(1):26. 892 

74. Bartley EJ, King CD, Sibille KT, Cruz-Almeida Y, Riley JL 3rd, Glover 893 

TL, Goodin BR, Sotolongo AS, Herbert MS, Bulls HW, Staud R, 894 

Fessler BJ, Redden DT, Bradley LA, Fillingim RB. Enhanced pain 895 

sensitivity among individuals with symptomatic knee osteoarthritis: 896 

Potential sex differences in central sensitization. Arthritis Care Res 897 

(Hoboken). 2015 Oct 5. doi: 10.1002/acr.22712. [Epub ahead of print].  898 

75. Pande KC, Tripathi S, Kanoi R. Limited clinical utility of pain drawing in 899 

assessing patients with low back pain. J Spinal Disord Tech. 900 

2005;18(2):160-2. 901 

76. Petersen KK, Arendt-Nielsen L, Simonsen O, Wilder-Smith O, Laursen 902 

MB. Presurgical assessment of temporal summation of pain predicts 903 

the development of chronic postoperative pain 12 months after total 904 

knee replacement. Pain. 2015;156(1):55-61. 905 

77. Wylde V, Palmer S, Learmonth ID, Dieppe P. The association between 906 

pre-operative pain sensitisation and chronic pain after knee 907 

replacement: an exploratory study. Osteoarthritis Cartilage. 908 

2013;21(9):1253-6. 909 



38 
 

78. Malfait AM, Schnitzer TJ. Towards a mechanism-based approach to 910 

pain management in osteoarthritis. Nat Rev Rheumatol. 911 

2013;9(11):654-64. 912 

 913 

 914 

 915 

 916 

 917 

 918 

 919 

 920 

 921 

 922 

 923 

 924 

 925 

 926 

 927 

 928 

 929 

 930 

 931 

 932 

 933 

 934 



39 
 

Figure and Table legends 935 

 936 

Figure 1. a) Example of the available templates; b) Pain frequency maps 937 

generated separately for men and women by superimposing the pain drawings 938 

of all individuals with knee OA pain. The colour grid indicates both the number 939 

and the percentage of individuals that reported pain in that specific area. Dark 940 

red represents the most frequently reported area of pain. 941 

 942 

Figure 2. The two scatter plots illustrating the relationship between the area of 943 

pain and the PPT for both knee and epicondyle.  944 

 945 

Table 1. Subjects demographic characteristics are reported. *P-values refer to 946 

potential differences between male and females.  947 

 948 

Table 2. Baseline clinical measurements are reported.  *P-values refer to 949 

potential differences between male and females. 950 

 951 

Table 3. Spearman‟s correlation coefficients between the area of pain (total 952 

pain area extracted from the dorsal and ventral body views) computed using 953 

pain drawings, and measures of CS and clinical symptoms for the entire cohort 954 

of individuals with knee OA pain (n=53). *Correlation is significant at the 0.05 955 

level (2-tailed). **Correlation is significant at the 0.001 level (2-tailed).  956 


