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Abstract

Background Up to 15% of patients report at least mod-

erate persistent pain after TKA. Such pain may be

associated with the presence of widespread hyperalgesia

and neuropathic-type pain.

Questions/purposes We asked if there was a difference

among patients who report moderate to severe pain or no

pain at least 12 months after TKA regarding (1) pressure

pain threshold, (2) thermal (cold/heat) pain and detection

thresholds, and (3) self-reported neuropathic pain.

Patients and Method Fifty-three volunteers were recrui-

ted from patients reporting no pain or moderate to severe

pain, according to the Knee Society Score�. Differences

between the moderate-to-severe and no-pain groups

regarding pressure pain, heat and cold thresholds, and self-

reported neuropathic-type pain were analyzed using inde-

pendent t-tests.

Results Patients in the moderate-to-severe pain group

exhibited reduced pressure pain threshold in the knee with

the TKA (p = 0.025) and at the elbow (p = 0.002). This

group also showed greater pain sensitivity to cold at the

knee (p = 0.008) and elbow (p = 0.010), and increased

heat pain sensitivity at the elbow (p = 0.032). Cold and

heat detection thresholds were impaired in this group at the

elbow (cold, p = 0.034; heat, p = 0.010), although only

heat detection was impaired at the knee (p = 0.009). The

moderate-to-severe pain group also reported more neuro-

pathic-type pain (p = 0.001).

Conclusion Persistent pain after TKA was associated

with widespread pressure, cold hyperalgesia, and greater

neuropathic-type pain.

Level of Evidence Level III, prognostic study.

Introduction

Although the majority of patients achieve substantial pain

relief and improved function after TKA, a proportion

continues to experience ‘‘life-disturbing’’ [29] persistent

pain many years after surgery. The causes of this persistent

pain are mostly unexplained.

Persistent postsurgical pain is defined by the Interna-

tional Association of the Study of Pain as pain after

surgical intervention that lasts at least 2 months, with other

causes of pain being excluded, particularly pain from a

condition preceding the surgery [25]. Wylde et al. [43]

reported that even after 3 to 4 years, 44% of patients were

affected by some degree of persistent postsurgical pain,

although much of the pain was mild, infrequent, and an
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improvement from preoperative pain. Liu et al. [23] found

20% of patients reported moderate to severe pain at rest

and 33% on activity after TKA, and Puolakka et al. [29]

reported that 35.6% reported ‘‘daily life disturbing pain’’

12 months after surgery. Of concern is the percentage of

patients who report moderate to severe ongoing pain.

Brander et al. [7] reported 13% of patients with ‘‘significant

pain’’ 12 months after TKA and Wylde et al. [43] reported

15% of patients with ‘‘severe to extreme persistent pain’’

3 to 4 years after surgery. Such persistent pain has been

attributed to a wide range of intrinsic and extrinsic pre-,

peri- or postoperative factors including preexisting

depression or anxiety, genetic factors, surgical approach,

prosthesis instability, or infection [19, 39].

However, it has been suggested that persistent severe

pain may be indicative of a predominantly centrally driven

pain process that may not be reversed with joint replace-

ment [40, 41]. Hochman et al. [17] reported that some

people with more severe knee osteoarthritis pain exhibit

widespread hyperalgesia and report neuropathic-type pain.

They reported that more than 19% of an unselected com-

munity-based sample of individuals with chronic

osteoarthritis had features of neuropathic-type pain

according to the PainDETECT questionnaire [11]. Other

studies have found that neuropathic-type pain is closely

associated with higher pain scores in individuals with knee

osteoarthritis [27, 38]. Widespread mechanical hyperalge-

sia also has been shown to occur in patients with painful

knee osteoarthritis, with a correlation between widespread

mechanical hyperalgesia and self-reported pain [2, 14, 16,

26, 36]. Additionally, abnormalities in responses to heat or

cold stimuli have been reported in individuals with knee

osteoarthritis [20, 23]. It therefore appears that some

patients with osteoarthritis may exhibit features associated

with a neuropathic pain phenotype and it is possible that

they may be predisposed to ongoing postoperative pain

[40]. However, the degree to which this is so remains

largely uncharacterized. An exploratory study by Wylde

et al. [45] showed that preexisting pain sensitization may

predict persistent pain after TKA. This supports an earlier

finding of an association between preoperative elevated

VAS pain response to an electrical stimulus and higher

pain levels 18 months after TKA [24]. However, consid-

erably more clarity is needed.

In this preliminary cross-sectional pilot study, we

investigated if there was a difference between patients who

continue to report moderate to severe pain or no pain

according to the pain subscale of the Knee Society Score�

at least 12 months after TKA in (1) pressure pain threshold,

(2) thermal (cold and heat) pain and detection thresholds,

and (3) self-reported neuropathic pain.

Patients and Methods

Subjects

All subjects were recruited voluntarily from patients listed

on the Joint Replacement Assessment Clinic registry at

Royal Perth Hospital in Western Australia. Eligible

patients had undergone TKA during the previous 12 to

36 months, had attended regular assessments at the Joint

Replacement Assessment Clinic during the previous

6 months, and either had indicated no pain (none) or

moderate to severe pain (moderate-occasional, moderate-

continuous, or severe) during the previous 4 weeks on the

pain component of the Knee Society Score�. Subjects with

mild pain according to the Knee Society Score� were

excluded from the study. Joint Replacement Assessment

Clinic records include comprehensive medical data for all

registry patients, therefore it was possible to exclude any

potential participant with a history of stroke or hemophilia.

Data regarding additional comorbidities such as chronic

low back pain, fibromyalgia, diabetes, and depression were

collected, but patients were not excluded for these

comorbidities and all participants were advised to continue

with their usual medications. Once a list of suitable patients

was formulated, potential volunteers were provided with

written information sheets and asked if they wished to

participate in the study. Fifty percent of eligible patients

with no pain and 30% with moderate to severe pain vol-

unteered to participate. Ethical approval was granted by

Royal Perth Hospital Human Research Ethics Committee

and Curtin University Human Research Ethics Committee.

A total of 53 subjects were recruited for this pilot study,

reflecting a sample of convenience. Basic demographic,

comorbidities, quality of life, pain, and function data were

collected on the day of testing (Table 1). Thirty-one

subjects were recruited to the no-pain group comprising

13 males and 18 females, with a mean age of 70 ±

7.25 years. Twenty-two subjects were recruited to the

moderate-to-severe pain group comprising six males and

16 females, with a mean age of 70 ± 7.07 years.

The groups were compared regarding comorbidities,

quality of life, pain, and functional limitations self-reported

on the day of testing. The Self-administered Comorbidity

Questionnaire was used to assess the presence (yes or no)

of 12 general medical conditions (maximum 12) [32].

There was no difference between pain groups in the total

number of comorbidities indicated (p = 0.390) (Table 1),

nor was there any clear difference in the type of conditions

reported by each group (Fig. 1). According to the European

Quality of Life questionnaire (EQ-5D) [8], subjects with

moderate to severe pain rated themselves as having a lower
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quality of life (Table 1; p = 0.018). The EQ-5D consists of

five questions related to mobility, self-care, pain, usual

activities, and psychological status with three possible

responses for each question to give a quality of life score

(maximum 15). The EQ-5D also asks individuals to rate

their overall state of health using a 100 mm VAS (maxi-

mum 100). Those in the moderate-to-severe pain group

rated themselves as being in a less good state of health,

compared with the no pain group (Table 1; p = 0.03).

The WOMAC Osteoarthritis Knee Index was adminis-

tered to compare each group’s self-report of pain, stiffness,

and functional limitation on the day of testing. The

WOMAC is widely used and shows good internal validity

and test-retest reliability [18]. The WOMAC index can be

reported as a total score (maximum score 96) or as sub-

scores for the subsections of pain (0–20), stiffness (0–8), or

function (0–68). The moderate-to-severe pain group

reported higher levels of pain and stiffness and reduced

function (Table 1; p \ 0.001). Preoperative WOMAC

scores also were available from Joint Replacement

Assessment Clinic records for 44 of the 53 subjects (90%

of the no pain group and 73% of the moderate-to-severe

pain group). Independent t-tests showed that there were no

differences between groups in WOMAC scores before

surgery (Fig. 2). When percentage change in WOMAC

from preoperative to test day score was evaluated, patients

with no pain postoperatively showed an improvement

across all subscores of 77.1% to 79.3% (Table 2), a result

that compares favorably with pharmacologic studies, which

report improvements in total WOMAC ranging from 36%

to 45% [1, 3, 6, 21]. In contrast, the moderate-to-severe

pain group showed improvement only across all subscores

of 40.4% to 46.4%, suggesting that this is a distinct group

for whom removal of diseased tissue provides an incom-

plete solution.

Table 1. Demographic, questionnaire, and comorbidity data for test

day 12 to 36 months after surgery

Data fields Moderate-

to-severe

pain group

(n = 22)

No-pain

group

(n = 31)

t-test

Gender (M:F) 6 : 16 13 : 18 –

Age (years) 69.8 ± 7.1 69.9 ± 7.3 p = 0.948

Comorbidities1

Total reported (/12) 2.77 ± 1.82 3.23 ± 01.91 p = 0.390

EQ-5D

Quality of life (/15) 2.27 ± 0.32 1.35 ± 0.35 p = 0.018*

State of health (/100) 73.77 ± 3.48 82.52 ± 2.94 p = 0.03*

WOMAC2

Pain (/20) 5.8 ± 3.8 2.1 ± 2.2 p \ 0.0001*

(all)Stiffness (/8) 2.7 ± 1.9 0.9 ± 1.2

Function (/68) 17.7 ± 12.3 6.1 ± 6.6

Total (/96) 26.2 ± 17.0 9.2 ± 8.8

EQ-5D = European Quality of Life questionnaire score; 1 Self-

reported Comorbidities questionnaire; 2 score on test day; *p \ 0.05.

0% 100%

Heart Disease

High Blood
Pressure

Diabetes

Depression

Low Back Pain

Other
Osteoarthris

Ulcer / Stomach

Cancer

18.2%12.9%

12.9% 22.7%

18.2%9.7%

71.0%54.5%

72.7%58.0%

18.2%12.9%

63.6%54.8%

No pain groupModerate-to-severe pain group

16.1%9.1%

Fig. 1 Comorbid conditions, as reported by greater that 10% of subjects from the moderate-to-severe and no-pain groups, using the Self-

Administered Comorbidities Questionnaire, are shown.
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Procedure

A cross-sectional, observational design was used with all

subjects attending one test session. Once informed consent

was obtained, each subject completed five self-report

questionnaires and then underwent the quantitative sensory

tests, as described below. Additional preoperative

WOMAC data were collected for each participant from

the Joint Replacement Assessment Clinic documentation.

Testing was performed at one time for each patient,

between 12 and 36 months after TKA as noted; no pre-

operative testing was performed in this cross-sectional pilot

study.

Physical Outcome Measures

All quantitative sensory tests were performed at the medial

joint line of the surgically treated knee and at a distant

upper limb site over the extensor carpi radialis brevis

muscle. The extensor carpi radialis brevis muscle has been

used in previous quantitative sensory test studies [34, 35,

42, 43], and the site was located using the standardized

method described by Riek et al. [31]. All quantitative

sensory test measures were conducted with the subject

lying in a relaxed position on a plinth. Pressure pain

threshold testing was conducted with one practice trial on

the tibialis anterior muscle followed by three measure-

ments at the knee and three measures at the elbow

(extensor carpi radialis brevis) site. Cold and heat detection

and pain thresholds were collected as one practice followed

by three trials at the elbow and the surgically treated knee.

Site order was randomized between subjects for pressure

pain threshold and thermal thresholds.

Pressure pain threshold was measured using a digital

pressure algometer (Somedic, Sweden), a device that is

recognized as a valid and reliable measure when used by a

trained assessor [22, 28, 33]. Standard method and

instructions were used [26]. The 1-cm2 algometer probe

was applied at a 90� angle to the skin at a ramp of 40 kPa/

second. Subjects were asked to depress the handheld switch

as soon as the sensation of pressure became painful. The

mean of the three trials at each site was calculated for

analysis.

Cold detection and cold pain thresholds were measured

using a Peltier thermode (Medoc, Ramat Yishai, Israel). This

thermode has been shown to be reliable and valid in quan-

titative sensory test studies [12, 36, 42–45]. Standard method

of limits and standardized instructions were used. The min-

imum temperature for the thermode was set at 0� C. The

30- 9 30-mm contact probe was attached to each test site

with a reuseable self-adhering strap and subjects were given

several minutes to adapt to the baseline temperature of 32� C.

When the device was activated, the thermode temperature

decreased at a rate of 1� C/second. Cold detection threshold

always was measured first to ensure intact sensory pathways.

Subjects were instructed to depress the handheld switch as

soon as they perceived any cooling change from baseline,

thereby reversing the temperature back to baseline. For cold

pain threshold, subjects were instructed to press the switch as

soon as the cooling sensation changed to one of painful cold.

For all thresholds, one practice trial was followed by three

measurements, each separated by a randomly assigned pause

between 3 and 6 seconds. The mean of the three trials was

used for analysis.

Fig. 2 Preoperative WOMAC scores for 44 of the participants in the

moderate-to-severe pain (n = 28) and no pain (n = 16) groups are

shown.

Table 2. Percentage change from mean preoperative to mean postoperative WOMAC scores

WOMAC Moderate-to-severe pain group No pain group

Preoperative

Mean ± SD

Postoperative

Mean ± SD

Change (%) Preoperative

Mean ± SD

Postoperative

Mean ± SD

Change (%)

Pain (20 points) 10.8 ± 3.0 5.8 ± 3.4 46.3 9.3 ± 3.0 2.1 ± 2.3 77.2

Stiffness (8 points) 4.5 ± 1.6 2.7 ± 1.7 40.4 4.1 ± 1.7 0.9 ± 1.3 77.1

Function (68 points) 33.1 ± 10.3 17.7 ± 10.4 46.4 29.5 ± 11.7 6.1 ± 6.2 79.3

Total (96 points) 48.3 ± 11.6 26.2 ± 14.4 45.8 42.9 ± 15.2 9.2 ± 8.8 78.6
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Heat detection and heat pain thresholds also were

measured with the Medoc Peltier thermode using a similar

method as for cold detection and pain thresholds (baseline

32� C, 1� C/second ascending ramp), with maximum

temperature set at 50� C. Heat detection threshold was

tested before heat pain threshold, with heat detection

threshold defined as the temperature (� C) at which subjects

first perceived an increase in warmth from baseline. Heat

pain threshold was defined as the temperature (� C) at

which subjects perceived that the heating sensation had

become painful. As soon as the subject pressed the switch

to signal threshold, the temperature reversed to baseline.

One practice was followed by three trials separated by

variable pauses (3–6 seconds) [12]. The mean was calcu-

lated for analysis.

Self-report Outcome Measures

The PainDETECT neuropathic pain questionnaire [11] has

been used to identify neuropathic pain components in a

range of conditions. The questionnaire is a validated self-

report tool with a maximum total score of 35. It has been

shown to be a reliable screening tool with high sensitivity

and specificity [11]. Participants completed a paper version

of the questionnaire on the day of testing, before comple-

tion of the other evaluations.

Statistical Analysis

IBM SPSS1 Statistics version 22 (Armonk, NY, USA) was

used for the statistical analysis, with alpha set at p less than

0.05. A priori calculations found that to detect a clinically

relevant difference of 15% (b set at 0.80, a \ 0.05)

between subjects in the control (no pain) and moderate-to-

severe pain groups, a total sample of 56 was needed for

pressure pain threshold and 50 for cold pain threshold.

Given the considerably smaller standard deviations relative

to means reported previously for heat pain threshold

compared with pressure pain threshold or cold pain

threshold [16, 36, 45], a total sample size of approximately

55 was considered more than adequate to power heat pain

threshold analyses. With an actual total sample size of 53

for this study, post hoc actual differences between group

means at the knee were 32.2% for (b = 0.84) and 71.0%

for cold pain threshold (b = 0.86). For heat pain threshold

however, post hoc power was more limited (knee

b = 0.51; elbow b = 0.68).

Levenés test was used to confirm whether the data for

each group showed equal variance. Degrees of freedom

were corrected when equal variances were not assumed

(p \ 0.05). Independent t-tests were used to analyze group

differences in pressure pain threshold and WOMAC data.

The remaining data were analyzed using Mann Whitney

U-tests since the data were not normally distributed. Effect

sizes were calculated using Cohen’s d method [37].

Results

Pressure Pain Thresholds

Participants with moderate to severe pain showed height-

ened pressure pain sensitivity compared with those with no

pain (Fig. 3). This was true at the knee that had the TKA

(p = 0.025; effect size, 0.61; moderate-to-severe pain

group: mean, 282.64 kPa [SD, 167.92]; no pain group:

mean, 416.72 kPa [SD, 254.83]) and at the distant elbow

site (p = 0.002; effect size, 0.91; moderate-to-severe pain

group: mean 314.12 kPa [SD, 139.63]; no pain group:

mean, 454.06 kPa [SD, 167.57]).

Cold and Heat Thresholds

The moderate-to-severe pain group showed elevated cold

pain thresholds at the surgically treated knee and distant

elbow sites, although group differences in heat pain and

cold (Fig. 4) and heat detection thresholds (Fig. 5) were

less clear. Mean cold pain threshold at the surgically

treated knee was elevated for the moderate-to-severe pain

group (mean, 9.23� ± 10.33� C) compared with the no

pain group (mean, 2.68� ± 5.6� C) (p = 0.009; effect size,

0.85). There were similar findings for cold pain threshold at

the elbow (moderate-to-severe pain group: mean,

9.92� ± 10.07� C; no pain group: mean, 2.86� ± 5.51� C

[p = 0.010]; effect size, 0.93). The moderate-to-severe

pain group detected cold less quickly at the elbow

(p = 0.034; effect size, 0.63; moderate-to-severe pain

group: mean, 25.79� ± 5.97� C; no pain group, mean,

Fig. 3 Pressure pain threshold (kPa) differences between the mod-

erate-to-severe pain and no pain groups at the surgically treated knee

and elbow are shown (*p \ 0.05).
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28.36� ± 2.12� C), but not at the knee (p = 0.259;

moderate-to-severe pain group: mean, 24.23� ± 6.96� C;

no pain group: mean, 26.32� ± 3.89� C). Heat pain

threshold was lower (sensitized) for the moderate-to-

severe pain group at the elbow (mean, 46.56� ± 4.0� C)

compared with the no pain group (mean, 48.54� ± 2.06�
C) (p = 0.011; effect size, 0.62). However there was no

group difference in heat pain threshold at the surgically

treated knee (p = 0.168; moderate-to-severe pain

group: mean, 47.48� ± 2.07� C; no pain group: mean,

48.00� ± 1.97� C). The moderate-to-severe pain group

detected heat at a higher temperature than the no pain

group at the knee (p = 0.009; effect size, 0.85; mod-

erate-to-severe pain group: mean, 42.86� ± 4.61� C; no

pain group: mean, 39.36� ± 3.96� C) and at the elbow

(p = 0.010; effect size, 0.91; moderate-to-severe pain

group: mean, 42.05� ± 5.50� C; no pain group: mean,

38.00� ± 3.70� C).

Self-reported Neuropathic Pain

Individuals in the moderate-to-severe pain group reported

higher levels of neuropathic-type pain as measured by

PainDETECT (moderate-to-severe pain group: mean,

7.27 ± 1.24; no pain group: mean, 3.03 ± 0.65;

p = 0.0010; effect size, 0.93).

Discussion

Persistent pain after a TKA may exist in 13% to 44% of

patients [4, 7, 29, 41, 45], and it has been suggested that this

pain may be centrally driven [40]. Our cross-sectional study

aimed to use pressure and thermal quantitative sensory tests

and self-report questionnaires to determine if patients with

moderate to severe pain 12 to 36 months after TKA exhibited

signs of widespread hyperalgesia and neuropathic-type pain,

Fig. 4 Cold detection threshold

(� C) and cold pain threshold

values (� C) for the moderate-to-

severe pain and no pain groups at

the knee and elbow are shown

(*p \ 0.05).

Fig. 5 Heat detection threshold

(� C) and heat pain threshold

values (� C) for the two pain

groups at the knee and elbow are

shown (*p \ 0.05).
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compared with patients having no pain. We found that there

was an association between postoperative self-report of

moderate to severe pain and sensitized pressure and cold pain

thresholds at the surgically treated knee and at the unaffected

elbow. Heat detection threshold also was impaired in the

moderate-to-severe pain group at both sites.

The limitations of this study must be acknowledged.

Any cross-sectional study is limited by the inability to

establish a temporal relationship between events and can-

not determine causality or the direction of any associations.

Consequently any findings need to be tested with a longi-

tudinal study. We also experienced difficulties with

recruitment, particularly of patients reporting moderate to

severe pain, for whom attending a potentially uncomfort-

able test session may have been too daunting. Although the

study was powered appropriately for pressure pain and cold

pain threshold values at the knee, more equal group sizes

would have been preferred. To optimize recruitment for a

relatively short time, subjects were not asked to withdraw

taking their usual pain medications before testing, a factor

which might have influenced results. Although it might be

hypothesized that analgesic washout would have increased

the difference in pain sensitivity between patients with

severe versus no pain, this hypothesis needs to be tested in

a future study with total preassessment analgesic washout

to clarify true extent of hyperalgesia and pain qualities.

Although this study briefly compared comorbidities

between pain groups, it was intended as a simple cross-

sectional pilot or feasibility study to look for difference

trends in local and widespread quantitative sensory tests

and self-reported neuropathic pain between patients

reporting high or low levels of postoperative pain. A future,

more comprehensive, study should take into consideration

the large number of covariates that may influence the

presence of persistent postoperative pain. These might

include perioperative factors such as surgical approach and

perioperative anesthesia [9, 19, 39], psychological factors

such depression or catastrophizing [10, 30, 39], and

intrinsic factors such as gender, BMI, or high preoperative

pain levels [31, 39].

We found that individuals who reported moderate to

severe pain at least 12 months after TKA exhibited

increased mechanosensitivity compared with individuals

who reported no pain. This pressure hyperalgesia was

increased at the surgically treated knee site and also at a

distant, unaffected elbow site. Skou et al. [33] similarly

found an association between pressure pain sensitivity at

the lower leg and ongoing pain intensity in individuals who

had undergone revision TKA. They also assessed addi-

tional measures of central sensitization and found that

individuals with greater pressure sensitivity also exhibited

less efficient conditioned pain modulation [33]. Our find-

ings are further supported by the exploratory study by

Wylde et al. [45], which found a significant correlation

between preoperative forearm pressure pain threshold and

1-year WOMAC pain score in patients after TKA.

We also found an association between moderate to

severe persistent postoperative pain and elevated cold pain

thresholds at the knee and elbow and elevated heat pain

thresholds at the elbow. To our knowledge no previous

studies have evaluated cold pain thresholds in patients after

TKA. However, some data exist to support an association

between higher pain levels and the presence of cold

hyperalgesia [13], however, more data regarding cold

hyperalgesia is needed. Heat pain thresholds have been

more widely investigated in osteoarthritis, although asso-

ciations with persistent pain are equally unclear. We found

that the moderate-to-severe pain group showed higher heat

pain threshold at the elbow but not at the knee, although

post hoc power was relatively low. Wylde et al. [44] as-

sessed heat pain threshold at the knee and forearm but

found no association with WOMAC pain score at 1 year.

Rakel et al. [30], however, found that heat pain threshold at

the affected knee was a significant predictor of postoper-

ative movement pain.

Patients with persistent moderate to severe pain also

exhibited impaired detection of cold and heat sensory

changes. Reduced sensory acuity to heat sensation was

found for the moderate-to-severe pain group at the knee

and at the unaffected elbow site as was impaired cold

detection at the elbow. Thermal sensory deficit may sug-

gest damage to small diameter afferents or to central pain

processing pathways [5]. Although some reduction in

sensory acuity at the surgically treated knee might be

expected, this was observed only for heat detection. Defi-

cits in heat and cold detection at the elbow were not

anticipated but provide an interesting avenue for future

investigations.

The group differences in values for the PainDETECT

neuropathic pain questionnaire suggest that the quality of

pain experienced by subjects with persistent moderate to

severe pain may differ. However, although these subjects

reported higher levels of neuropathic-type pain symptoms,

none scored positive for neuropathic pain (score C 19) and

only four had scores in the ‘unclear’ classification (score

13–18). Patients with persistent moderate to severe pain in

the current study therefore did not exhibit clear signs of the

neuropathic-type pain. Comparable studies investigating

presence of neuropathic-type pain after arthroplasty are

limited. Haroutiunian et al. [15], in a systematic review,

concluded that between 6% and 9% of patients report

probable neuropathic pain after TKA or THA, supporting

previous findings that 6% report positive signs on Pain-

DETECT [44]. A recent study found that individuals with

knee osteoarthritis with higher modified PainDETECT

scores had increased odds of showing additional
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quantitative sensory test signs of central sensitization [16],

however this has yet to be explored in patients with

osteoarthritis after surgery.

Our cross-sectional study found that subjects with

moderate to severe pain persisting up to 3 years after TKA

exhibit widespread mechanical and cold and heat hyper-

algesia. These subjects reported higher levels of

neuropathic-type pain and only, on average, a 45%

improvement in WOMAC score. In contrast, patients

without persistent pain do not exhibit such hyperalgesia or

neuropathic-type pain and reported, on average, a 78%

improvement in WOMAC score. These findings support

the hypothesis that, even in the absence of peripheral

nociceptive input from a degenerative joint, some patients

continue to experience knee pain and associated dysfunc-

tion [40]. This preliminary study indicates that a larger and

more comprehensive, preoperative to postoperative longi-

tudinal study is warranted.
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