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Abstract 

Background When conservative treatments do not work, TKA may be the best option for patients 

with knee osteoarthritis, although a relatively large proportion of individuals do not have 

clinically important improvement after TKA. Evidence also suggests that women are less likely 

to benefit from TKA than men, but the reasons are unclear. Widespread pain disproportionately 

affects women and has been associated with worse outcomes after joint arthroplasty, yet it is 

unknown if the effect of widespread pain on TKA outcomes differs by patient gender.   

Questions/purposes (1) Does the association between widespread pain and no clinically 

important improvement in osteoarthritis-related pain and disability 2 years after TKA differ 

between men and women? (2) Does the use of pain medications 2 years after TKA differ 

between those with widespread pain and those without widespread pain before surgery? 

Methods Osteoarthritis Initiative (https://oai.epi-ucsf.org/datarelease/StudyOverview.asp) study 

participants were followed annually from March 2005 until October 2015. Participants who 

underwent TKA up to the 7-year follow-up visit with pain/disability assessment at the protocol-

planned visit before TKA and at the second planned annual visit after surgery were included in 

the analysis. Among 4796 study participants, 391 had a confirmed TKA, including 315 with 

pain/disability assessment at the protocol-planned visit before TKA. Overall, 95% of participants 

(298) had the required follow-up assessment; 5% (17) did not have follow-up data. Widespread 

pain was defined based on the modified American College of Rheumatology criteria. Symptoms 

were assessed using the WOMAC pain (range 0 to 20; higher score, more pain) and disability 

(range 0 to 68; higher score, more disability) scores, and the Knee Injury and Osteoarthritis 

Outcome Score for pain (range 0 to 100; higher score, less pain). Improvements in pain and 

disability were classified based on improvement from established clinically important differences 

https://oai.epi-ucsf.org/datarelease/StudyOverview.asp
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(decrease in WOMAC pain ≥ 1.5; decrease in WOMAC disability ≥ 6.0; increase in Knee Injury 

and Osteoarthritis Outcome Score for pain ≥ 9). At baseline, more women presented with 

widespread pain than men (45% [84 of 184] versus 32% [36 of 114]). Probability and the relative 

risk (RR) of no clinically important improvement were estimated using a logistic regression 

analysis in which participants with widespread pain and those without were compared. The 

analyses were done for men and women separately, then adjusted for depression and baseline 

outcome scores.  

Results Among women, preoperative widespread pain was associated with an increased risk of 

no clinically important improvement 2 years after TKA, based on WOMAC pain scores (13.5% 

versus 4.6%; RR 2.93 [95% CI 1.18 to 7.30]; p = 0.02) and the Knee Injury and Osteoarthritis 

Outcome Score for pain (16.5% versus 4.9%; RR 3.39 [95% CI 1.34 to 8.59]; p = 0.02). Given 

the lower and upper limits of the confidence intervals, our data are compatible with a broad 

range of disparate associations between widespread pain and lack of clinically important 

improvement in WOMAC pain scores (RR 0.77 [95% CI 0.22 to 2.70]; p = 0.68) and the Knee 

Injury and Osteoarthritis Outcome Score for pain (RR 1.37 [95% CI 0.47 to 4.00]; p = 0.57) 

among men, as well as clinically important improvement in WOMAC disability scores among 

men (RR 0.72 [95% CI 0.20 to 2.55]; p = 0.61) and women (RR 1.98 [95% CI 0.92 to 4.26]; p = 

0.08). Participants presenting with widespread pain before TKA were more likely than those 

without widespread pain to use medication for symptoms of knee osteoarthritis most days for at 

least 1 month 2 years after TKA (51% [61 of 120] versus 32% [57 of 178]; mean difference, 18.8 

[95% CI 7.3 to 30.1]; p < 0.01). 

Conclusions Widespread pain before TKA was associated with an increased risk of no clinically 

important improvement in knee pain 2 years postoperatively among women. Because of the 
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small number of men with widespread pain in the sample, the results for men were inconclusive. 

In clinical practice, screening TKA candidates for widespread pain may be useful, and 

expectations of surgical outcomes may need to be tempered if patients have a concurrent 

diagnosis of widespread pain. Future studies should include more men with widespread pain and 

investigate if treatment of widespread pain before or concurrent with TKA surgery may improve 

surgical outcomes.    

Level of Evidence Level III, therapeutic study.  
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Introduction 

Osteoarthritis is a leading cause of disability among elderly people in the United States [24], and 

in the Global Burden of Disease study of 291 conditions, hip and knee osteoarthritis was ranked 

as the 11th highest contributor to global disability [9]. When nonoperative management of knee 

osteoarthritis does not work, TKA is recommended [42]. Although TKA is performed frequently, 

has been shown to be cost effective, and is associated with improvement in osteoarthritis-related 

pain and function, a relatively large proportion of patients do not have major improvement in 

pain and function after surgery [13, 20, 21, 37]. In a recent US study, approximately 70% of 

participants had clinical improvement, based on improvement in the WOMAC score 1 year after 

TKA [37]. In a Canadian study using the same criterion, only 52% of patients who underwent 

TKA had improvement [20]. Evidence also suggests that women may be less likely to benefit 

from TKA than men [10, 14, 27]. This potential gender-associated disparity in the effectiveness 

of treatment for end-stage osteoarthritis is particularly troubling given the higher prevalence of 

symptomatic and radiographic knee osteoarthritis in women [12, 35]. 

The reasons why women are less likely to have improvement in pain and disability after TKA 

than men are unclear [10, 14, 27]. Large-scale epidemiologic studies have found that women 

more frequently report chronic musculoskeletal pain than men [16]. Gerdle et al. [18] found that 

women had a higher prevalence of pain in 10 different anatomic regions and had a much higher 

prevalence of widespread pain than did men. The prevalence of several common chronic pain 

conditions (for example, fibromyalgia, migraine, and tension headache) is also greater for 

women than for men [16]. Although chronic widespread pain and fibromyalgia are often used 

interchangeably, patients with fibromyalgia represent only a subgroup of those with chronic 

widespread pain [7]. Regardless, both chronic widespread pain and fibromyalgia 
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disproportionately affect women [3, 7, 8, 18]. Greater widespread pain was also associated with 

worse post-joint arthroplasty outcomes in a limited number of studies [5, 11, 20, 29, 41]. It is not 

known whether gender-associated differences in TKA outcomes are related to mechanisms 

underlying widespread pain. 

We therefore asked: (1) Does the association between widespread pain and no clinically 

important improvement in osteoarthritis-related pain and disability 2 years after TKA differ 

between men and women? (2) Does the use of pain medications 2 years after TKA differ 

between those with widespread pain and those without widespread pain before surgery?  

Patients and Methods 

Study Design, Setting, and Participants 

This is a retrospective study that draws data from the Osteoarthritis Initiative, a multicenter, 

longitudinal observational study with publicly available detailed protocols and data releases 

(https://oai.epi-ucsf.org/datarelease/StudyOverview.asp). Individuals aged 45 to 79 years at risk 

of having or with symptomatic knee osteoarthritis were recruited from four clinical centers 

(University of Maryland School of Medicine and the Johns Hopkins University [Baltimore, MD, 

USA], The Ohio State University [Columbus, OH, USA], University of Pittsburgh [Pittsburgh, 

PA, USA] and Memorial Hospital of Rhode Island [Pawtucket, RI, USA]) and examined 

annually. 

The Osteoarthritis Initiative enrolled participants between 2004 and 2006. The aim of the current 

study was to examine outcomes 2 years after TKA, and the Osteoarthritis Initiative follow-up 

data are available through the 9-year follow-up visit; thus participants who underwent TKA up to 

the 7-year follow-up visit were selected for analysis. We did not include partial knee 

https://oai.epi-ucsf.org/datarelease/StudyOverview.asp
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arthroplasties. The Osteoarthritis Initiative coordinating center confirmed receipt of TKA based 

on medical records and/or radiographs. If a participant underwent more than one TKA during the 

follow-up period, we selected the first replaced knee for outcome analysis. If both knees were 

replaced on the same day, we randomly selected one knee. 

We included participants in the analysis if they had an assessment of knee pain and disability at 

the protocol-planned visit before TKA (T0) and at a second planned annual visit after surgery (T 

+ 2) (Supplemental Fig. 1; supplemental materials are available with the online version of 

CORR®). Widespread pain assessment (described below) was also required at the visit before 

surgery (T0) for inclusion in the analysis. However, if the annual visit before TKA was 

performed via telephone and did not include a complete assessment of body pain, the widespread 

pain assessment at the clinic visit 1 year before TKA was used (T-1). 

Among 4796 Osteoarthritis Initiative participants, 390 underwent at least one confirmed TKA 

during the follow-up period (March 2005 to October 2015). We excluded 41 participants with 

TKA after 84 months (that is, no planned clinic visit 2 years after TKA), 15 participants with no 

pre-TKA assessment of pain and disability (T0), and 19 participants with no pre-TKA 

assessment of widespread pain at either T0 or T-1, leaving 315 eligible participants. Among the 

eligible participants, those without an outcome assessment of knee pain or disability at the 

second protocol-planned visit after TKA (T + 2) were excluded (5%, 17 of 315 participants), 

leaving 298 participants available for an analysis of TKA outcomes (Fig. 1). 

Primary Outcomes 

Pain and disability were assessed at the Osteoarthritis Initiative visit immediately before TKA 

(T0) as well as at the Osteoarthritis Initiative visit 2 years after TKA (T + 2). The WOMAC 

index, a 24-item questionnaire, is a reliable and validated measure that consists of three different 
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subscales of osteoarthritis-related disease severity: pain (0 to 20), stiffness (0 to 8), and disability 

(0 to 68) [2], with higher scores indicating greater disease severity. The Knee Injury and 

Osteoarthritis Outcome Score, also a reliable and validated measure of osteoarthritis-related 

disease severity, is a 42-item questionnaire that includes a pain measure ranging from 0 to 100, 

with 100 indicating no pain [34]. The severity of knee pain at its worst in the past 7 days was 

reported using a numerical rating scale (range 0 to 10). 

Clinically important improvement from T0 to T + 2 was defined as reduction in the WOMAC 

pain score greater than or equal to the minimum clinically important difference proposed by 

Angst et al. [1] (1.5 on a 0-20 scale). The following definitions of clinically important 

improvement were also considered: reduction in the 7-day pain severity numerical rating scale 

score greater than or equal to the clinically important difference proposed by Farrar et al. [15] 

(1.7 on a 0 to 10 scale); minimal clinically important increase in Knee Injury and Osteoarthritis 

Outcome Score for pain proposed by Roos and Lohmander [33] (9 on a 0 to 100 scale); and 

reduction in the WOMAC disability score greater than or equal to the minimum clinically 

important difference proposed by Tubach et al. [36] (6.0 on a 0 to 68 scale). 

Secondary Outcomes 

Any use of medication, including both prescription and over-the-counter, for pain, aching, or 

stiffness in either knee during the past 12 months and on most days for at least 1 month during 

the past 12 months was self-reported at annual visits. Specific medications used for joint pain or 

arthritis on most days during the past 30 days were also reported. Medication use specifically for 

the left rather than the right knee and vice versa was not determined. To evaluate change in 

medication use, we compared the strongest class of pain medication reported at the visit before 

TKA and 2 years postoperatively. We classified continued use of medication as a medication in 
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the same category or stronger, compared with a weaker class, based on the following hierarchy: 

acetaminophen, over-the-counter NSAIDs, prescription NSAIDs or cyclooxygenase-2 selective 

inhibitors, and strong prescription pain medications, including opioids (Supplemental Table 1; 

supplemental materials are available with the online version of CORR®). 

Widespread Pain 

The 1990 American College of Rheumatology Criteria for the Classification of Fibromyalgia 

defined widespread pain as “pain that affects both sides of the body both above and below the 

waist, including some part of the axial skeleton” [40]. We adapted this definition of widespread 

pain based on available Osteoarthritis Initiative data. Widespread pain was defined in a similar 

manner as in other studies [6, 32]. The Osteoarthritis Initiative questionnaire included a 

homunculus figure for participants to indicate the presence of pain, aching, or stiffness in various 

joints of the body on most days during the past 30 days (Supplemental Fig. 2; supplemental 

materials are available with the online version of CORR®). The homunculus figure, combined 

with specific back, hip, and knee questions, facilitated identification of pain symptoms in the 

joint areas surveyed. To meet the definition of widespread pain used in this study, a study 

participant had to report pain in a minimum of at least one joint area in each of the following five 

body regions: right hand, wrist, elbow, or shoulder (the right upper body region); left hand, wrist, 

elbow, or shoulder (the left upper body region); right hip, knee, ankle, or foot (the right lower 

body region); left hip, knee, ankle, or foot (the left lower body region); and in the neck, upper 

back, middle back, or lower back (the axial region). All questions addressed symptoms in the 

past 30 days, with the exception of hip-specific questions, which asked about symptoms on most 

days for at least 1 month during the past 12 months. Research technicians recorded the responses 

electronically based on the marked homunculus figures and responses to hip and knee questions. 
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Widespread pain was then categorized using the American College of Rheumatology Criteria for 

the Classification of Fibromyalgia definition of widespread pain. 

Participant Characteristics 

Sociodemographic information collected at baseline included age, gender, race, educational 

attainment, income, marital status, and smoking status. The Katz-modified Charlson 

Comorbidity questionnaire [22] was administered at annual or biennial clinic visits, and 

employment status was self-reported. Body weight was measured by trained examiners at annual 

or biennial clinic visits, and BMI was categorized based on the World Health Organization’s 

criteria. Knee radiographs from clinic visits were centrally read and scored using the Kellgren-

Lawrence grading system [23]. 

Mental health was assessed using the SF-12 [39] and the validated Center for Epidemiologic 

Studies Depression Scale [30] at all clinic visits. Restless sleep was assessed by response to the 

Center for Epidemiologic Studies Depression Scale item “My sleep was restless”: less than 1 

day, 1 to 2 days, 3 to 4 days, and 5 to 7 days. Anxiety was categorized based on the participant’s 

response to the SF-12 item “How much time during the past 4 weeks have you felt calm and 

peaceful?”, while fatigue was categorized based on the response to the SF-12 item “How much 

time during the past 4 weeks did you have a lot of energy?” Response choices for both questions 

were none, a little, some, most, or all of the time. For all participant characteristics, we reported 

the measures and radiographic scores collected at the annual study clinic visit before TKA. 

Women presented with widespread pain before TKA more often than men (45% [84 of 184 

participants] versus 32% [36 of 114 participants]). Among both men and women, participants 

with widespread pain were more often employed and obese and more likely to report fatigue. 

Black race and annual income of less than USD 50,000 per year were more common among 
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women with widespread pain than among women without widespread pain. Men without 

widespread pain had greater comorbidities than men with widespread pain in our sample. 

WOMAC pain and disability scores before TKA were on average higher among women with 

widespread pain (42 and 41, respectively) than among women without widespread pain (37 and 

34, respectively), while the differences were less remarkable among men (Table 1). 

Statistical Analysis  

Participant characteristics were summarized using means and SDs for continuous measures and 

numbers and percentages for categorical variables for those with widespread pain and those 

without widespread pain before TKA, and separately for men and women, to identify potential 

sources of confounding in our sample. 

To answer our first question, we estimated the probability of no clinically important 

improvement 2 years after the before-TKA assessment of pain and disability for participants with 

and without widespread pain. Logistic regression was used to estimate the probability of the 

outcome conditional on covariates. The conditional probabilities were marginalized over the 

covariate distributions and used to estimate relative risk (RR) and 95% CIs [28]. For each 

outcome-specific analysis, we excluded participants with pain and disability scores lower than 

the established clinically important improvement criteria before TKA because there was no 

potential for improvement given the definitions of improvement. We obtained RR estimates from 

an adjusted model, which included only the strongest covariates based on model fit and 

likelihood ratio statistics, specifically depression and the measure-specific pain and disability 

scores before TKA [38]. Also, we estimated RRs from a fully-adjusted model that additionally 

included age, race, education, income, marital status, BMI, comorbidities, and use of medication 

for knee pain before TKA, to address concerns about other potential sources of confounding 
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(Supplemental Table 2; supplemental materials are available with the online version of CORR®). 

In the adjusted models, probabilities were estimated using the mean value of the continuous 

covariates (Center for Epidemiologic Studies Depression Scale score, baseline score, age, and 

BMI) and the most common category of the remaining categorical variables. We tested for an 

interaction between widespread pain and gender by including an interaction term in each logistic 

regression model. 

We demonstrated the distribution of change in pain and disability measures from the visit before 

TKA to 2 years postoperatively using histograms with kernel density estimates to visualize the 

spectrum of post-TKA pain and disability outcomes. The established clinically important 

difference was superimposed for reference. We created histograms for gender separately for 

participants with and without widespread pain. Levene’s test for homogeneity of variance was 

conducted to test the null hypothesis that the population variances are equal. 

The proportions of participants reporting medication use 2 years after TKA (T + 2) for pain, 

aching, or stiffness in either knee in the past 12 months and medication use on most days for at 

least 1 month during the past 12 months were reported for participants with and without 

widespread pain before TKA, and the difference in proportions was provided with exact 95% CIs 

to answer our second question. Continued use of medication in the same class or stronger 

compared with a weaker class 2 years after TKA was similarly compared between participants 

with and without widespread pain before TKA in a restricted sample that excluded those who did 

not take pain medication before TKA. 

A p value less than 0.05 was considered statistically significant. All analyses were performed 

using SAS® version 9.4 (SAS Institute Inc, Cary, NC, USA) or Stata version 15.0 (StataCorp LP, 

College Station, TX, USA). 
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Results 

Gender, Widespread Pain, and Clinically Important Improvement After TKA 

Among women, widespread pain before TKA was associated with an increased risk of no 

clinical improvement 2 years after TKA, based on WOMAC pain score (13.5% versus 4.6%; RR 

2.93 [95% CI 1.18 to 7.30]; p = 0.02), 7-day numerical rating scale pain severity score (20.4% 

versus 7.8%; RR 2.63 [95% CI 1.17 to 5.93] ; p = 0.02), and the Knee Injury and Osteoarthritis 

Outcome Score for pain (16.5% versus 4.9%; RR 3.39 [95% CI 1.34 to 8.59]; p = 0.01) after 

adjustment for Center for Epidemiologic Studies Depression Scale score and baseline outcome 

measure score. Only 36 of 114 men presented with widespread pain, precluding precise 

estimation (Table 2). Among the men in our study, data were compatible with a wide range of 

effect sizes given the lower and upper limits of the confidence intervals for associations between 

pre-TKA widespread pain and lack of clinical improvement in WOMAC score, 7-day pain 

severity score, and the Knee Injury and Osteoarthritis Outcome Score for pain 2 years 

postoperatively; thus considerable uncertainty remains regarding any potential associations 

between widespread pain in men and TKA outcomes.  

Further, our data were compatible with a broad range of effect sizes for the association between 

widespread pain and clinically important improvement in WOMAC disability scores among men 

(RR 0.72 [95% CI 0.20 to 2.55]; p = 0.61) and women (RR 1.98 [95% CI 0.92 to 4.26]; p = 

0.08), given the lower and upper limits of the confidence intervals (Table 2). The test for 

interaction between widespread pain and gender in adjusted models did not provide evidence that 

the association between widespread pain and each outcome measure differs between women and 

men (data not shown). 

Two years after TKA, the distribution of change in WOMAC pain score had greater variance 
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among women with widespread pain than among women without widespread pain, with a greater 

proportion reporting no clinically important improvement (Fig. 2). We did not observe this 

difference when we compared men with widespread pain and those without. We did not observe 

differences in the variance for the distribution of change in WOMAC disability scores 

(Supplemental Fig. 3; supplemental materials are available with the online version of CORR®) 

and numerical rating scale scores for pain severity (Supplemental Fig. 4; supplemental materials 

are available with the online version of CORR®). 

The proportion of participants who reported no clinical improvement in pain 2 years after TKA 

ranged from 14% to 16% for women and 11% to 13% for men, based on WOMAC pain scores, 

the Knee Injury and Osteoarthritis Outcome Score for pain, and numerical rating scale scores for 

pain severity. In all, 17% of women and 12% of men reported no clinically important 

improvement in WOMAC disability score 2 years after TKA. 

Widespread Pain and Pain Medication Use 2 Years after TKA 

Two years after TKA, any use of medication for pain, aching, or stiffness in either knee during 

the past 12 months was more frequent among participants presenting with widespread pain than 

those without widespread pain before TKA (74% versus 60%; mean difference 14.6 [95% CI 3.1 

to 26.0]; p = 0.01) (Table 3). Use of medication for pain, aching, or stiffness in the knees on most 

days for at least 1 month during the past 12 months was also more frequent among participants 

who initially presented with widespread pain than those without widespread pain (51% versus 

32%; mean difference, 18.8 [95% CI 7.3 to 30.1]; p <  0.002). Among participants who reported 

using pain medication before TKA, continued use of the same medication or a stronger 

medication for joint pain or arthritis on most days during the past 30 days was also more 

common among those with widespread pain than those without widespread pain (59% versus 
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45%; mean difference, 14.5 [95% CI 0.7 to 27.8]; p = 0.049). 

Discussion 

Women may be less likely to benefit from joint arthroplasty than men [10, 14, 27]. Chronic 

widespread pain is also more frequently observed in women than in men [3, 7, 8, 18]. However, 

from these previous studies it is unknown if the association between widespread pain and TKA 

outcomes differs by gender. In this observational study of participants with knee osteoarthritis, 

women who presented with widespread pain before TKA had approximately twice the risk of no 

clinically important improvement in knee pain at 2 years of follow-up compared with women 

without widespread pain. Notably, 80% of women with widespread pain reported clinically 

important improvement. Among men, no evidence of an association between widespread pain 

and no clinically important improvement was observed. However, few men in our sample had 

widespread pain, thus limiting our conclusions regarding men. We were not able to demonstrate 

an association between widespread pain and clinical improvement in osteoarthritis-related 

disability among women and men. Preoperative widespread pain was associated with a higher 

rate of analgesic use for arthritis symptoms 2 years after TKA. 

Limitations 

Our study has a few limitations. First, the relatively small number of men with widespread pain 

in the sample limits our ability to draw conclusions about men with widespread pain. A sample 

that includes more men with widespread pain is needed to examine TKA outcomes in this 

subgroup. Second, the definition of widespread pain we used was based on the 1990 American 

College of Rheumatology Criteria for the Classification of Fibromyalgia rather than the more 

recent (2010-2011) definition of widespread pain, although the 1990 American College of 

Rheumatology Criteria for the Classification of Fibromyalgia has been used in many previous 
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studies [3, 6, 8, 18, 26, 32]. Pain symptoms were identified based on joint areas, rather than 

whole body areas, also a strategy that was used in other studies on widespread pain [6, 32]. 

Regardless, our definition of widespread pain may not be comparable to how others may have 

defined the term in previous investigations. Third, there is variability in the timing of the clinic 

assessment of widespread pain, knee pain and disability relative to the actual TKA date, given 

that clinic visits were conducted annually per the Osteoarthritic Initiative protocol, although this 

has not been shown to be an important determinant of osteoarthritis-related pain and disability 

after TKA [37]. Fourth, postoperative use of medication for osteoarthritis was not necessarily 

specific to the knee that underwent TKA and could have been used for osteoarthritis symptoms 

in other joints. However, participants in this cohort were most likely using analgesic medication 

before surgery to primarily treat their most symptomatic joint that eventually underwent surgical 

replacement. Fifth, while self-reported medication use may be susceptible to recall and/or social 

desirability bias, questionnaires which measure medication use behavior generally exhibit high 

concordance with non-self-report methods [17].  

Gender, Widespread Pain, and Clinically Important Improvement After TKA 

Our results confirm previous findings that widespread pain is associated with worse pain 

outcomes after joint arthroplasty, specifically among women [5, 11, 20, 29, 41]. In a study of 

1294 patients who underwent hip or knee replacement surgery, the number of pain problems 

elsewhere (joint and nonjoint) was an independent determinant of persistent pain after joint 

arthroplasty [41]. In another study, painful or problematic ankles, feet, or toes were associated 

with worse postsurgical WOMAC pain and physical function scores [29]. A study that followed 

the course of knee and hip arthroplasty patients over 6 months demonstrated that a higher 

fibromyalgia survey score was an important predictor that a patient would not achieve at least 
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50% improvement in WOMAC pain scores after undergoing joint arthroplasty [5]. Finally, a 

more recent study found that more body pain was associated with the inability to achieve 

minimal clinically important improvement after TKA [11]. Of note, our study has important 

distinctions and builds on these previous findings. Postoperative assessment of clinical outcomes 

ranged between 6 months and 1 year in most of these studies [5, 11, 20, 29], while we assessed 

participants roughly 2 years after TKA. This is particularly relevant because improvement from 

TKA plateaus at approximately 18 months after surgery [31]. In addition, research participants 

were recruited from four distinct regions across the United States, extending the generalizability 

of our findings. Most importantly, none of the previous studies that reported an association 

between widespread pain and TKA outcomes examined potential differences by gender [5, 11, 

20, 29, 41].   

The clinical implications of our study findings are substantial. A homunculus figure or a 

fibromyalgia survey to measure preoperative widespread pain can be used/completed readily and 

easily by patients. Surgeons and clinicians may consider using such tools in practice to identify 

people at risk of little or no improvement in pain and disability after undergoing TKA [5, 11]. 

Patients’ and clinicians’ expectations of surgical outcomes may need to be tempered if patients 

have a concurrent diagnosis of widespread pain or other common chronic pain conditions. The 

presence of widespread pain should neither be a contraindication for TKA nor be used to screen 

potential candidates for TKA, however. Even among women with widespread pain in our study, 

approximately 80% reported clinically important improvement; therefore, widespread pain 

clearly does not preclude having improvement in osteoarthritis-related pain and disability after 

TKA. Moreover, TKA candidates with widespread pain may benefit from preprocedural 

therapies targeting centralized pain [7]. Centrally acting drugs (for example, serotonin and 
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norepinephrine reuptake inhibitors and gabapentin) and exercise therapy can improve the effect 

of endogenous analgesia, while cognitive behavioral therapy may target cognitive-emotional 

sensitization in patients with osteoarthritis [25].  

Widespread Pain and Pain Medication Use 2 Years after TKA 

Widespread pain has been linked to greater analgesic use shortly after joint arthroplasty [4, 19]. 

A study suggested that patients with higher fibromyalgia survey scores consumed more opioids 

in the acute postoperative period after joint arthroplasty [4]. Another study showed that greater 

overall body pain preoperatively was independently associated with persistent opioid use 6 

months after TKA and THA [19]. In our study, the difference in medication use for participants 

with widespread pain compared with those who did not have widespread pain was evident up to 

2 years after TKA.  

Conclusions 

Our study suggests that women presenting with widespread pain may be at an increased risk of 

having no clinically important improvement in knee pain 2 years after surgery compared with 

women without widespread pain. Although we did not find similar evidence of an increased risk 

of no clinically important improvement after TKA among men with widespread pain, few men in 

our sample presented with widespread pain, thus limiting our ability to draw inferences for men. 

Screening TKA candidates for widespread pain, especially women, may be helpful in setting 

expectations for a wide range of outcomes after joint arthroplasty, and identifying candidates for 

widespread pain treatment, including medications, exercise, and/or cognitive behavioral therapy. 

Our findings offer a potential explanation for previously reported gender-associated disparities in 

TKA outcomes [10, 14, 27]. We confirmed previous reports that widespread pain before TKA is 

associated with more analgesic use after TKA [4, 19] and with a greater follow-up time than 
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previously reported. Treatment of widespread pain preoperatively or concurrently with TKA and 

recovery may improve the chance of clinically important improvement in pain and disability 

postoperatively and should be investigated further in future studies.  
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Figures 

 

Fig. 1 Sample selection flow diagram is shown here. T0 is the clinic visit before TKA; T+2 is the 

visit 2 years later. aT-1: an assessment of widespread pain is used when T0 is a telephone 

examination, because telephone examinations do not include an assessment of widespread pain. 
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bThe available sample size varies for different outcomes because of both missing values and lack 

of opportunity to improve (pre-TKA score too low to have potential for clinically important 

improvement) based on variable-specific definitions of clinically important improvement 

(sample sizes for each analysis: WOMAC pain: 284 [one missing; 13 cannot improve], WOMAC 

disability: 271 [seven missing; 20 cannot improve], pain severity in the past 7 days: 281 [four 

missing; 13 cannot improve], and Knee Injury and Osteoarthritis Outcome Score pain score: 297 

[one missing]). 
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Fig. 2 Histograms with density estimate for change in WOMAC pain scores from T0 to T+2 are 

shown here. Levene’s test for homogeneity of variance for absolute deviations from group 

means, p = 0.0076.  

  



28 
 

 

Table 1. Participant characteristics and widespread pain status before TKA 

 Characteristic Men (n = 114) Women (n = 184) 

Widespread pain Widespread pain 

Yes (n = 

36) 

No (n = 

78) 

Yes (n 84) No (n = 

100) 

Age, years, mean (SD) 67.3 (8.8) 68.4 (8.6) 67.4 (8.5) 67.2 (8.3) 

Black race, n (%)a 3 (8.3) 5 (6.5) 18 (21.4) 12 (12.0) 

Education level, n (%)     

≤ High school 4 (11.4) 12 (15.4) 20 (23.8) 24 (24.2) 

Some college or college graduate 13 (37.1) 33 (42.3) 44 (52.4) 44 (44.4) 

Some graduate school or graduate 

degree 

18 (51.4) 33 (42.3) 20 (23.8) 31 (31.3) 

Income < USD 50,000, n (%) 10 (29.4) 23 (30.3) 44 (56.4) 40 (42.6) 

Employment status, n (%)     

Works for pay or family business 21 (60.0) 35 (44.9) 43 (52.4) 39 (39.0) 

Not working partly because of health 1 (2.9) 4 (5.1) 6 (7.3) 6 (6.0) 

Not working for other reasons 13 (37.1) 39 (50.0) 33 (40.2) 55 (55.0) 

Married, n (%) 33 (94.3) 69 (88.5) 52 (61.9) 60 (60.6) 

Clinical or health-related behaviors     

Ever smoker, n (%) 16 (45.7) 44 (56.4) 32 (38.1) 42 (42.4) 

BMI category, n (%)     

Normal 5 (15.2) 11 (14.3) 14 (17.3) 13 (13.8) 

Overweight 11 (33.3) 32 (41.6) 21 (25.9) 35 (37.2) 

Obese 17 (51.5) 34 (44.2) 46 (56.8) 46 (48.9) 

Comorbidities, n (%)     

0 29 (82.9) 54 (69.2) 59 (70.2) 71 (71.7) 

1 6 (17.1) 14 (18.0) 15 (17.9) 18 (18.2) 

≥ 2 0 (0.0) 10 (12.8) 10 (11.9) 10 (10.1) 

Psychological factors     

Depression (CES-D score ≥ 16), n (%) 4 (11.8) 8 (10.3) 7 (8.5) 15 (15.2) 

   Restless sleep 3-7 days per week, n (%) 6 (17.7) 15 (19.2) 24 (28.9) 22 (22.2) 

SF-12 mental score, mean (SD) 54.6 (9.1) 56.6 (7.4) 56.0 (8.2) 55.0 (8.6) 

Anxiety, n (%)b 6 (17.7) 16 (20.5) 25 (30.5) 22 (22.7) 

Fatigue, n (%)c 8 (23.5) 8 (10.3) 21 (25.6) 12 (12.4) 

Clinical: knee osteoarthritis-specific     

WOMAC total score, mean (SD) d 32.0 

(15.8) 

33.6 

(15.6) 

40.6 

(18.2) 

34.4 

(14.9) 

WOMAC pain score, mean (SD) d 35.8 

(16.6) 

33.6 

(17.4) 

42.3 

(21.3) 

36.7 

(18.6) 

WOMAC disability score, mean (SD) d 31.5 

(17.3) 

33.9 

(16.7) 

40.6 

(18.9) 

33.6 

(15.7) 
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WOMAC stiffness score, mean (SD)d 36.5 

(21.8) 

39.6 

(21.0) 

47.6 

(21.6) 

44.5 

(20.4) 

Pain severity in the past 7 days, mean 

(SD)c 

65.6 

(21.2) 

62.2 

(24.1) 

70.2 

(22.6) 

63.4 

(25.8) 

KOOS pain, mean (SD) 57.6 

(16.6) 

58.7 

(16.3) 

52.4 

(19.7) 

58.2 

(18.4) 

Current osteoarthritis medication use 25 (69.4) 45 (57.7) 65 (77.4) 62 (63.3) 

Kellgren-Lawrence grade before TKA     

0, 1 1 (2.8) 3 (4.1) 2 (2.6) 2 (2.1) 

2 4 (11.1) 4 (5.5) 10 (12.8) 7 (7.2) 

3, 4 31 (86.1) 66 (90.4) 66 (84.6) 88 (90.7) 
aSelf-report.  
bAnxiety was defined as “felt calm and peaceful,” reported as “some,” “a little,” or “none of the 

time” (SF-12).  
cFatigue was defined as “had a lot of energy,” reported as “a little” or “none of the time” (SF-

12).  

dScaled from 0 to 100; CES-D = Center for Epidemiologic Studies Depression Scale; KOOS = 

Knee Injury and Osteoarthritis Outcome Score. 
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Table 2. Widespread pain before TKA and estimated probability of no clinical improvement 2 years later 

 

 
 Widespread Pain Prior to TKR     

No Yes 
   

Outcome Measure No clinically 

important 

improvement 

/total participants 

Probability 

(standard error) of 

no clinically 

important 

improvement 

No clinically 

important 

improvement 

/total participants 

Probability 

(standard error) of 

no clinically 

important 

improvement 

RR 95% CI p value 

Women 

WOMAC pain 8/94 0.046 (0.022) 16/80 0.135 (0.047) 2.93 1.18-7.30 0.02 

Pain, past 7 days 9/91 0.078 (0.029) 18/80 0.204 (0.050) 2.63 1.17-5.93 0.02 

KOOS pain 7/95 0.049 (0.022) 16/82 0.165 (0.047) 3.39 1.34-8.59 0.01 

WOMAC disability 12/90 0.096 (0.032) 16/78 0.189 (0.050) 1.98 0.92-4.26 0.08 

Men 

WOMAC pain 9/75 0.112 (0.037) 3/35 0.086 (0.049) 0.77 0.22-2.70 0.68 

Pain, past 7 days 8/76 0.090 (0.034) 4/34 0.118 (0.057) 1.30 0.41-4.20 0.66 

KOOS pain 8/76 0.097 (0.035) 5/36 0.133 (0.059) 1.37 0.47-4.00 0.57 

WOMAC disability 9/71 0.122 (0.040) 3/32 0.088 (0.051) 0.72 0.20-2.55 0.61 

RR estimates were based on models adjusted for CES-D score and the corresponding baseline score at T0. CES-D = Center for 

Epidemiologic Studies Depression Scale. 
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Table 3. Medication use 2 years after TKA 

  Medication use 2 years after 

TKA 

  

Gender 

  

Widespread pain before TKA Difference 

  

95% CI* 

  

P 

value No Yes 

Number/ 

total 

(%) Number/ 

total 

(%) 

Used medication for pain, 

aching, or stiffness in either 

knee during the past 12 months 

Overall 106/178 60 89/120 74 14.6 3.1 to 26.0 0.01 

Men 39/78 50 24/36 67 16.7 -3.1 to 35.8 0.11 

Women 67/100 67 65/84 77 10.4 -4.2 to 24.6 0.14 

Used medication for pain, 

aching, or stiffness in knees on 

most days for at least 1 month 

during the past 12 months 

Overall 57/178 32 61/120 51 18.8 7.3 to 30.1 <0.01 

Men 20/78 26 13/36 36 10.5 -9.4 to 29.9 0.27 

Women 37/100 37 48/84 57 20.1 5.7 to 34.0 0.01 

Continued use of the same 

medication or stronger 

medication for joint pain or 

osteoarthritis on most days  

during the past 30 days† 

 

Overall 54/121 45 52/88 59 14.5 7 to 27.8 0.049 

Men 17/46 37 14/25 56 19.0 -5.5 to 42.1 0.14 

Women 37/75 49 38/63 60 11.0 -5.9 to 27.3 0.23 

*Exact 95% CIs; Fisher’s Exact Test †The analysis excluded participants who were not taking any pain medication before TKA; order 

of strength: acetaminophen, nonprescription NSAIDs, prescription NSAIDs or cyclooxygenase-2 selective inhibitors, and opioids. 

NSAIDs = nonsteroidal antiinflammatory drugs. 

 

 


