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Consistency of Knee Pain and Risk of Knee
Replacement: The Multicenter Osteoarthritis Study
BARTON L. WISE, DAVID T. FELSON, MARGARET CLANCY, JINGBO NIU, TUHINA NEOGI, NANCY E. LANE,

JEAN HIETPAS, JEFFREY R. CURTIS, LAURENCE A. BRADLEY, JAMES C. TORNER, and YUQING ZHANG

ABSTRACT. Objective. To examine whether the consistency or persistence of knee pain, in addition to its sever-

ity, predicts incident total knee replacement (TKR).

Methods. The Multicenter Osteoarthritis Study (MOST) is a longitudinal study of persons aged 50

to 79 years with symptomatic knee osteoarthritis or at high risk of disease. Subjects were queried

about the presence of knee pain on most days of the previous 30 days (i.e., frequent knee pain; FKP)

at 2 timepoints: a telephone screen followed by a clinic visit (median separation 4 weeks). We

defined a knee as having “consistent pain” if the subject answered positively to the FKP question at

both timepoints, “inconsistent pain” if FKP was positive at only one timepoint, or as “no FKP” if

negative at both. We examined the association between consistent FKP and risk of TKR using mul-

tiple binomial regression with generalized estimating equations.

Results. In 3026 persons (mean age 63 yrs, mean body mass index 30.4), 2979 knees (50%) had no

FKP at baseline, 1279 knees (21.5%) had inconsistent FKP, and 1696 knees (28.5%) had consistent

FKP. Risk of TKR over 30 months was 0.8%, 2.6%, and 8.8% for knees with no, inconsistent, and

consistent FKP, respectively. Relative risks of TKR over 30 months were 1.2 (95% CI 0.6–2.3) and

2.3 (95% CI 1.2–4.4) for knees with inconsistent and consistent FKP, compared with those without

FKP. This association was consistent across each level of pain severity on the Western Ontario and

McMaster Universities Osteoarthritis Index.

Conclusion. Consistency of frequent knee pain is associated with an increased risk of TKR inde-

pendently of knee pain severity. (First Release April 15 2011; J Rheumatol 2011;38:1390–5;

doi:10.3899/jrheum.100743)
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Osteoarthritis (OA) is the most common form of arthritis,

which afflicts 27 million US adults, almost 6 million more

than in 19951. Although estimates for prevalence vary in dif-

ferent studies, the National Health and Nutrition

Examination Survey III found that 12% of US adults 60

years of age or older experience symptomatic knee OA2,

defined as pain on most days with radiological OA. It is

expected that with the increase in average body mass index

(BMI) of the US population over the last several decades3,4,5

and the established association between high BMI and knee

OA, the prevalence of knee OA will increase in the popula-

tion over the next several decades. This increase will be

exacerbated by the simultaneous aging of the US

 population.

Total knee replacement (TKR) is an effective therapy to

control pain and improve function in subjects with advanced

knee OA. TKR is usually recommended for those with the

most severe OA. This treatment has become steadily more

common over the last 2 decades, with a 53% increase in

TKR from the year 2000 to year 20046 and a 70% increase

from 1996 to 20067. These trends are projected to continue

well into the future. However, the characteristics of patients’

symptoms that influence who will have TKR are poorly

understood. For most patients with knee OA, pain fluctuates

in intensity. The Boston Osteoarthritis Study found that 39%

of those with symptomatic radiographic knee OA had

Western Ontario and McMaster Universities Osteoarthritis

Index (WOMAC) pain score that varied from little or no

pain to severe pain at 3 times over 3 years8. The

Longitudinal Examination of Arthritis Pain study found sig-

nificant weekly variations in self-rated pain9.

Numerous studies have examined risk factors in relation
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to utilization of TKR, including age, sex, BMI, race, ethnic-

ity, general health status, willingness to consider joint

replacement, and regional differences, but few studies have

assessed various measures of knee symptoms in relation to

risk of TKR10,11. Hawker, et al found that worse baseline

knee pain severity measured by WOMAC was associated

with TKR12. Neogi, et al used consistency of pain in exam-

ining the association of measures of pain with radiographic

knee OA13. However, to our knowledge, few if any studies

have compared the influence of the dimensions of OA pain

on risk of TKR. Our study examined the consistency or per-

sistence of knee pain over time and its relation to risk of

TKR.

MATERIALS AND METHODS

The Multicenter Osteoarthritis Study (MOST) is a NIH-funded observa-

tional study of persons aged 50 to 79 years either with knee OA or at high

risk of development of knee OA, including overweight and obese persons

and those with knee pain, aching, or stiffness during most of the previous

30 days or a history of knee injury or knee surgery. Details of the MOST

study and study population have been published14. The MOST Study is in

compliance with the Helsinki Declaration, and approval has been given by

the institutional review boards at each participating site.

At baseline, subjects were queried about the presence of knee pain on

most days, completed a knee-specific WOMAC, and obtained bilateral

weight-bearing posteroanterior and lateral radiographs. Presence of knee

pain, WOMAC score, and radiographic OA severity were determined again

at the 30-month followup visit. Radiographs were read paired by 2 readers

with an adjudication panel for disagreements.

Subjects were queried at baseline about the presence of knee pain on

most days of the previous 30 days. We will refer to this as the frequent knee

pain (FKP) question. This same question was asked twice: once at a tele-

phone screening and a second time at the baseline clinic visit. These 2 time-

points were separated by a median time of 33 days. Other demographic and

clinical information was also collected at the baseline clinic visit, and this

information was used for adjustment in the analyses here. Data on incident

TKR were collected at the 15-month and 30-month followup visits based

on self-report, with confirmation by radiograph or medical documentation.

We defined a knee as having “consistent pain” if the subject answered

positively to the FKP question at both timepoints, or as “inconsistent pain”

if he/she answered the FKP question positively at only one of the 2 time-

points, or as “no FKP” if he/she answered negatively at both timepoints. We

calculated the risk of TKR over 30 months for knees with no FKP, with

inconsistent FKP, and with consistent knee pain. We examined the associa-

tion between consistent FKP and risk of TKR using generalized estimating

equations to account for the correlation between 2 knees within one subject.

In the multiple regression model that we used to estimate relative risk we

adjusted for age, sex, race, education, BMI, depression as measured by

Center for Epidemiologic Studies Depression Scale (CES-D), clinical site,

occupation, and radiographic Kellgren-Lawrence grade.

In addition, we divided knee pain severity, measured by a knee-specif-

ic WOMAC pain subscale, into 3 categories, mild (0–2), moderate (> 2–6),

or severe (> 6–20), and created a composite variable with 9 categories to

represent both consistency and severity of pain (mild WOMAC pain with-

out FKP, mild WOMAC pain with inconsistent FKP, mild WOMAC pain

with consistent FKP, moderate WOMAC pain without FKP, moderate

WOMAC pain with inconsistent FKP, moderate WOMAC pain with con-

sistent FKP, severe WOMAC pain without FKP, severe WOMAC pain with

inconsistent FKP, severe WOMAC pain with consistent FKP). We exam-

ined the association between the composite variable at baseline and risk of

TKR using logistic regression. To assess whether the association between

consistent FKP and risk of TKR was modified by other risk factors, we

evaluated the effect of consistent knee pain across strata of each potential

risk factor. To address the question of residual confounding by pain sever-

ity when examining the effect of consistent knee pain on TKR, besides the

analyses described above, we also performed an analysis limited to subjects

with WOMAC pain of 0 or 1, who by definition did not answer any

WOMAC pain severity subscale question with “moderate” or “severe”

pain; this allows examination of the effect of consistency of pain in those

with pain that is not revealed by WOMAC severity score. SAS 9.1.3 statis-

tical software was used for these analyses.

RESULTS

Of the 3026 participants enrolled at baseline, 78 knees had

TKR prior to their entry into the study, and these knees were

excluded from the present analysis. Over the 30-month fol-

lowup period, 202 of 5974 knees (3.4%) had a TKR; of

these 202 TKR, 190 (94%) were confirmed by radiograph or

medical documentation.

Table 1 shows the characteristics of subjects with and

without TKR. Compared with those without TKR, subjects

with TKR were more likely to be women (60% vs 71%),

older (62 vs 65 yrs old), have higher prevalence of ROA

(34.5% vs 93.6%), and have higher WOMAC pain scores

(3.3 vs 7.3).

Table 2 shows the distribution of potential risk factors for

TKR according to categories of FKP. At baseline 2979 knees

(50%) had no FKP, 1279 knees (21.5%) had inconsistent

FKP, and 1696 knees (28.5%) had consistent FKP. As com-

pared with those with no FKP, those with inconsistent and

consistent pain were more likely to be female, have ROA,

and have higher mean WOMAC pain.

Table 1. Characteristics of 3026 study participants in MOST study, according to

presence or absence of incident total knee replacement (TKR); participant count-

ed once for each knee they contribute.

Characteristic No TKR, TKR, 

n = 5666 n = 202

Age, mean yrs (SD) 62.3 (8.1) 64.8 (7.5)

Sex, %

Male 40 29.2

Female 60 70.8

Radiographic osteoarthritis, Kellgren-Lawrence grade, %

0 31.0 1.5

1 34.5 5.0

2 13.1 10.4

3 13.7 29.7

4 7.7 53.5

WOMAC score, mean (SD) 3.3 (3.7) 7.3 (3.8)

Occupation, %

Farming 6.1 4.0

Un/semiskilled 6.0 6.4

Worked at home 7.7 7.4

Other 80.1 82.2

Education, %

High school or less 28.5 37.6

Some college 26.6 28.2

College graduate or higher 44.8 34.2

WOMAC: Western Ontario and McMaster Universities OA pain score.
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As shown in Table 3, of those knees with no frequent

knee pain, 0.8% had a TKR, while 2.6% of those with incon-

sistent frequent pain and 8.8% of those with consistent pain

had a TKR over the 30-month period. The adjusted relative

risk for TKR for those with consistent pain as compared

with those knees with no pain was 2.3 (95% CI 1.2–4.4; 

p for trend = 0.0004).
Adjusting for additional potential confounding variables

did not affect the association. Even in an analysis stratified
by WOMAC pain severity, consistency of pain was still
associated with an increased risk of TKR (Figure 1, Table

4). Within each stratum of WOMAC pain, we observed
increasing risk of TKR across the consistency categories,
with the exception of persons with moderate WOMAC and
no FKP, who did not fit the pattern. Those with both consis-
tent FKP and a WOMAC score in the severe category had
8.0 times the risk of TKR compared with those with no FKP
and mild WOMAC (95% CI 3.9–16.1).

Considering that knees with consistent FKP are likely to

have more severe knee pain, we performed an additional

analysis of FKP and risk of TKR by limiting to knees with

WOMAC pain equal to 0 or 1 (with a total of 13 incident

Table 2. Baseline characteristics of study participants according to categories of frequent knee pain (FKP). Participants

contributing 2 knees are counted twice.

Characteristic No FKP, Inconsistent FKP, Consistent FKP, 

n = 2974 n = 1273 n = 1687

Age, mean yrs 62.5 62.8 62.0

Sex, %

Male 44.3 36.6 34.9

Female 55.7 63.4 65.1

Race. %

White 86.9 81.3 78.5

Non-white 13.2 18.7 21.5

Body mass index, mean 30.1 30.6 31.8

Radiographic osteoarthritis, Kellgren-Lawrence grade, %

0 53.5 39.8 27.7

1 21.2 19.2 14.3

2 12.1 15.1 14.6

3 11.4 18.7 25.4

4 1.8 7.2 18.0

WOMAC, mean (range 0–20) 1.2 3.9 7.1

Education, %

High school or less 26.1 30.6 33.0

Some college 25.6 28.8 27.4

College graduate or higher 48.4 40.6 39.6

Site, %

Iowa 55.1 50.3 40.1

Alabama 44.9 49.7 59.9

Occupation, %

Labor 36.3 39.5 37.3

Not labor 44.6 41.2 41.1

Other 19.1 19.3 21.5

Depressive symptoms, %

None 89.0 82.7 76.9

Mild to moderate 6.6 10.5 12.2

Possible major 4.4 6.8 10.9

WOMAC: Western Ontario and McMaster Universities OA pain score.

Table 3. Relation of consistence of pain to risk of total knee replacement (TKR). Adjusted for age, sex, race, education,

body mass index, depressive symptoms measured by CES-D, clinical site, occupation, and baseline cross-sectional radio -

graphic Kellgren-Lawrence grade.

Consistency of frequent Total No. Knees No. with TKR Risk Over Adjusted Relative Risk 

knee pain (FKP) 30 Months Over 30 Months (95% CI)

No FKP 2937 24 0.8 1.0

Inconsistent FKP 1247 32 2.6 1.2 (0.6–2.3)

Consistent FKP 1669 146 8.8 2.3 (1.2–4.4)
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TKR). Compared with knees with no FKP, the relative risk

of TKR was 3.9 (95% CI 1.0–14.8) in those with inconsis-

tent pain and 9.6 (95% CI 2.5–37.1) in those with consistent

pain. In a further analysis limited to knees with WOMAC

pain equal to 0 (with a total of 10 incident TKR), compared

with knees with no FKP, the relative risk of TKR was 4.7

(95% CI 1.8–26.2) in those with inconsistent pain and 10.2

(95% CI 1.7–69.1) in those with consistent pain.
Persons with consistent FKP had an increased risk of

TKR over 30 months across all strata of other factors. No
interaction term was statistically significant, including those
related to sex, age, education, geographic location, and
 radiographic severity.

DISCUSSION

In this prospective cohort study, we found that consistency

of frequent knee pain was strongly associated with incident

TKR over a 30-month period. The association persisted

even after control for pain severity and other potential con-

founders. In addition, such an association does not appear to

be modified by sex or other factors.
Many studies have reported a significant increase in the

number of TKR being performed on younger patients. Jain,
et al reported that between 1990 and 2000, the proportion of
TKR in persons 50–59 years old increased by only 53.7%,
while the same proportion in the 40–49 year age group
increased by a much larger 95.2%15. This trend was also
noted more recently by Kim, who found that between 2000
and 2004, TKR increased in number by 38% in those aged
65–84 years, while those aged 45–64 experienced an
increase in number of TKR of 83%6. These trends may be
due to greater confidence in the extended durability of

Figure 1. Adjusted relative risk (RR) of total knee replacement: severity of WOMAC pain ver-

sus consistency in a knee-based analysis. RR adjusted for age, sex, race, education, body mass

index, depressive symptoms measured by CES-D, clinical site, occupation, and baseline

cross-sectional radiographic Kellgren-Lawrence grade.

Table 4. Adjusted relative risk (RR) of total knee replacement (TKR): severity of Western Ontario and McMaster Universities pain score (WOMAC) pain versus consis-

tency in a knee-based analysis. RR adjusted for age, sex, race, education, body mass index, depressive symptoms measured by CES-D, clinical site, occupation, and base-

line cross-sectional radiographic Kellgren-Lawrence grade.

Consistency of Pain

No FKP Inconsistent FKP Consistent FKP

Portion with Adj RR Portion with Adj RR Portion with Adj RR 

Severity of Pain, WOMAC TKR, % (95% CI) TKR, % (95% CI) TKR, % (95% CI)

Mild (0–2) 9/2410 (0.4) 1.0 (referent) 6/507 (1.2) 2.2 (0.7–6.8) 6/177 (3.4) 5.2 (1.8–15.2)

Moderate (> 2–6) 13/449 (2.9) 4.6 (2.0–10.4) 15/521 (2.9) 3.1 (1.3–7.4) 46/610 (7.5) 7.4 (3.6–15.0)

Severe (> 6–20) 2/75 (2.7) 3.2 (0.7–14.4) 11/218 (5.1) 4.7 (2.0–10.7) 94/881 (10.7) 8.0 (3.9–16.1)

FKP: frequent knee pain.
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newer prosthetic knees, and also possibly due to greater
need for TKR in younger age groups and greater willingness
to consider TKR by those same younger persons. It may
help to rationalize these changes in practice to incorporate a
strong predictor of ultimate TKR into replacement
 guidelines.

Several investigators have attempted to create guidelines

to help identify candidates for TKR who might benefit from

the procedure. Escobar, et al used the RAND appropriate-

ness method, which combines expert opinion with clinical

evidence, and created an explicit model that included age,

location, function and symptoms, mobility, and stability as

well as radiological measures, which they subsequently val-

idated using health-related quality of life measurements16,17.

De Coster, et al developed a priority referral score for TKR

in Western Canada that included questions about pain with

various activities, but that did not refer to frequency or con-

sistency of pain18. In 2003, the National Institutes of Health

released a consensus statement on guidelines for TKR that

suggested that candidates for TKR have “moderate to severe

persistent pain not adequately relieved by an extended

course of nonsurgical management,” but the persistence

referred to remained undefined and the only instruments

mentioned are the WOMAC, the New Zealand Priority

Criteria for Major Joint Replacement, the Knee Society

Score, and the Hospital for Special Surgery Knee Score,

none of which explicitly evaluates the consistency of the

pain at repeated intervals as we have measured here19.

We explicitly examined the consistency of subject expe-

rience of pain at 2 timepoints separated by a month, and

thereby have been able to quantitatively define the persist-

ence of pain. WOMAC pain severity measures are phrased

in such a way that they obtain intensity measures during a

particular time period; the FKP question is phrased to focus

on frequency of the pain across a time period. Although

there will certainly be some collinearity between the meas-

ures, the dimensions of pain measured are intrinsically very

different, and we see in this analysis that they do have

effects independent of each other. It is also worth noting that

although one might intuitively think that consistency of pain

plays a role in predicting TKR, to our knowledge, few if any

investigations have tested this hypothesis in a longitudinal

epidemiologic study. We believe that when new guidelines

for TKR are developed, quantitatively-defined pain consis-

tency should be considered as one indication for TKR.

The strengths of our study include a well designed and

executed prospective cohort study, a very high rate of fol-

lowup over the 30 months, and an outcome where most of

the TKR were confirmed by radiographs or medical docu-

mentation. We were able to control for a wide variety of

potential confounders because of the availability of exten-

sive information collected at baseline in MOST. We have

also been able to address significant concerns about con-

founding and collinearity between consistency and severity

of pain measures. Our results demonstrate an excellent,

albeit not perfect, dose-response effect for consistency of

pain as a predictor of TKR. Lastly, our results have face

validity and for the first time establish that an intuitively

plausible relation between consistency of pain and risk of

TKR exists.

Our study has limitations. First, the dates that TKR were

performed were not available, and so we were unable to per-

form a survival analysis, which might have improved our

understanding of the timeframe of the effect of our consis-

tency measure. Second, it is possible that despite our

attempts to control for confounding, psychological state and

other factors remained as residual confounders. There also

may remain some collinearity of the WOMAC measure and

the consistency measure not accounted for completely by

our analysis method. Further, establishing consistency using

only 2 timepoints likely does not identify the full range of

potential levels of consistency and thus some misclassifica-

tion is likely.

We found that consistency of pain in knee OA is strong-

ly associated with TKR, independent of other known risk

factors, including pain severity. Consistency of pain may

represent an important new tool and add additional informa-

tion to predict who will ultimately require TKR, and should

be considered for inclusion in future guidelines for perform-

ing TKR.
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