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Prevalence of Clinically Significant Improvement
Following Total Knee Replacement

KHALID ALZAHRANI, RAJIV GANDHI, JUSTIN deBEER, DANIELLE PETRUCCELLI, and NIZAR MAHOMED

ABSTRACT. Objective. Although total knee replacement (TKR) has a high reported success rate, the pain relief

and functional improvement after surgery vary. The purpose of our retrospective cohort study was

to determine the prevalence of patients showing no clinically important improvement 1 year after

TKR, and patient factors that may predict this outcome.

Methods. We reviewed primary TKR registry data that were collected from 2 academic hospitals:

the Toronto Western Hospital and the Hamilton Health Sciences Henderson Hospital in Ontario,

Canada. Relevant covariates including demographic data, body mass index, and comorbidity were

recorded. Knee joint pain and functional status were assessed at baseline and at 1-year followup with

the Western Ontario McMaster University Osteoarthritis Index (WOMAC) and Oxford Knee Score

(OKS) to measure the change using the minimal clinically important difference (MCID). Logistic

regression modeling was used to identify the predictors of interest.

Results. Overall, 11.7% (373/3177) of patients reported no clinically important improvement 1 year

after surgery. Logistic regression modeling showed that a greater patient age independently predict-

ed no clinically important improvement on the WOMAC scale 1 year after surgery (p = 0.0003),

while being male independently predicted no clinically important improvement on the OKS 1 year

after surgery (p = 0.008).

Conclusion. Awareness of the prevalence of patients who may show no clinically important

improvement and factors that predict this outcome will help patients and surgeons set realistic

expectations of surgery. (J Rheumatol First Release Jan 15 2011; doi:10.3899/jrheum.100233)
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Total knee replacement (TKR) is the “gold standard” treat-

ment for endstage disabling degenerative arthritis, based on

good reported outcomes for pain relief and functional

improvement, and proven cost-effectiveness1,2,3,4,5,6,7. As

the mean age of the population increases, the demand for

TKR is expected to grow exponentially8,9.

The greatest improvement in pain and function following

TKR occurs within the first 3 to 6 months10, with maximal

recovery achieved by 1 year11,12. However, the prevalence

and natural history of residual pain after TKR is not well

established in the arthroplasty literature13. Many studies

have reported up to a 30% dissatisfaction rate after

TKR14,15,16,17. These reports identified many factors that

may predict dissatisfaction after TKR, including residual

pain after surgery, poor functional condition preoperatively,

poor mental health status at the time of surgery, or unful-

filled patient expectation of surgery.

Despite unremarkable clinical or radiological findings, it

has been reported that about 10% to 30% of patients who

undergo TKR experience minimal or no improvement after

surgery4,12,18,19,20. Although these studies used validated

self-reported measures to record outcomes, some authors

did not measure preoperative pain and function as a base-

line, while others failed to provide a clear definition of a

poor clinical outcome. Some authors categorize outcomes

into excellent, good, fair, or poor; however, these categories

are arbitrary and may not lead to accurate patient-level

measurement21. Moreover, many studies compare mean out-

come scores at the group level, a practice that likely has less

clinical relevance at the patient level22.

The concept of the minimal clinically important difference

(MCID) has been developed to obtain a more clinically ori-

ented measurement of outcome at the individual level. The

MCID is defined as the smallest difference in a score that a

patient has perceived as beneficial22. It has been observed that

the MCID in many self-reported outcome measures is about

half the SD of the change23. Although the MCID has been

used in different settings, this concept has only recently been

introduced to the arthroplasty literature21,24,25.
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The primary objective of our study was to report the

prevalence of patients showing no clinically important

improvement at 1 year post-TKR based on self-reported out-

come scores. Our secondary objective was to identify the

patient-level predictors for those reporting no clinical

improvement following surgery. We hypothesized that

despite the reported high success after TKR, there are a sub-

stantial number of patients who show no clinically impor-

tant improvement 1 year after surgery.

MATERIALS AND METHODS

We conducted a retrospective review of TKR registry data collected from 2

academic hospitals: the Toronto Western Hospital (TWH) and the Hamilton

Health Sciences Henderson Hospital (HHS) in Ontario, Canada. Both reg-

istries prospectively enroll patients on a waiting list to undergo knee

replacement surgery to track longitudinal outcomes. All patients provide

informed consent to participate. All data are collected by an independent

assessor not involved in the medical care of the patients. The Human

Subjects Review Committee approved the study protocol at each inde-

pendent study site.

The inclusion criteria for our study were patients age 18 years and older

with a diagnosis of primary or secondary knee osteoarthritis (OA) who had

complete preoperative and 1-year self-reported outcome questionnaires.

Patients undergoing TKR for inflammatory arthritis, revision surgery, or

simultaneous bilateral TKR were excluded. Further, any patient who suf-

fered a postoperative complication including deep infection, periprosthetic

fracture, or medical complication necessitating prolonged hospital stay

were excluded. All surgeries were performed between September 1998 and

December 2007. Similar postoperative rehabilitation protocols were used

for all patients at both study sites. Patients were encouraged to mobilize

weight-bearing as tolerated on postoperative day 1, and began mobilization

with a walker, progressing to independent ambulation as tolerated. All

patients were encouraged to participate in formal physiotherapy for a min-

imum of 3 months.

The primary outcome of this study was to report the prevalence of

patients who showed no clinically important improvement at 1 year fol-

lowing TKR using the MCID as measured by the Western Ontario

McMaster University Osteoarthritis Index (WOMAC)26 or the Oxford

Knee Score (OKS)27.

Data collection. Baseline demographic data including age, sex, and body

mass index (BMI) were recorded. Baseline medical comorbidity encom-

passed the 9 categories of anemia, heart disease, lung disease, cancer, dia-

betes, ulcer disease, hypertension, kidney disease, and liver disease.

Functional status and pain level were assessed preoperatively and at the

1-year followup using the WOMAC index26 for patients treated at the

TWH, and the OKS27 for patients treated at HHS.

The WOMAC index covers the domains of pain (5 items), stiffness (2

items), and function (17 items) and each item is scored on a 5-point Likert

scale representing a different degree of intensity (none, mild, moderate,

severe, or extreme). The data were set to a range of values from 0 to 100,

where a greater score represents greater pain and dysfunction. The psycho-

metric properties of the WOMAC index with respect to reliability, validity,

and responsiveness have been well established in the literature for patients

with OA28,29. We defined the MCID for the WOMAC index as 7.5 points

as suggested by others30.

The OKS is a self-administered disease-specific questionnaire devel-

oped to measure outcomes after TKR. It consists of 12 items that assess

pain and functional impairment. Responses are ranked on a 5-point Likert

scale (5 = worst, 1 = best) in which the final score is determined by adding

the aggregate score for pain and function. The total scores range from 0 to

60; a higher OKS represents poorer function or greater pain. This instru-

ment’s responsiveness, reliability, and content, and structural validity in

this population are well established31. Further, the OKS may be compared

with other similar questionnaires that have been successfully applied to the

treatment of knee OA including the WOMAC27,32. We defined the MCID

for the OKS as a 5-point change or less, as suggested by Murray, et al33.

Statistical analysis. Continuous data including age, BMI, number of

comorbidities, WOMAC, and OKS were compared between groups using

t-tests, after completing tests of normality. Means and SD are reported for

all continuous variables. Binary data such as sex are reported with fre-

quencies, and groups were compared with the chi-squared test. 

Multivariable logistic regression modeling was used to determine the

predictive factors for patients showing no clinically important improve-

ment following TKR. The independent variables assessed were patient age,

sex, BMI, and comorbidity. The dependent variable was defined as a bina-

ry measure; those with a clinically important improvement based on the

respective change score and those without. The WOMAC and OKS change

scores were calculated as the difference between the 1-year total WOMAC

or OKS score and the preoperative total WOMAC or OKS score, respec-

tively. Separate models were built for the 2 study sites. A sensitivity analy-

sis to compare the mean total WOMAC scores and OKS before and after

the midpoint of our study was conducted using the Mann-Whitney U test to

determine any potential maturation effect. All statistical analyses were

completed using SPSS version 13.0 (SPSS, Chicago, IL, USA). OR for

regression modeling and their 95% CI are reported. All reported p values

are 2-tailed, with an alpha of 0.05.

RESULTS

At TWH, 25 patients were excluded from our analysis due

to incomplete outcomes data, as compared to 544 patients

from the HHS. There were no significant differences in

demographic data between included and excluded patients

at either center (Table 1). The data of 3177 patients who had

TKR and who had complete demographic and outcomes

data were included. A total of 2720 patients were recruited

from HHS, and 457 patients from TWH (Table 1). The mean

age at time of surgery for the complete study population was

68.2 (SD 9.4) years, and 63% (2003/3177) of the patients

were women. The mean BMI was 31 kg/m2 (SD 6.3), and

the mean number of comorbidities was 2.1 (SD 1.3). Table

2 shows the mean baseline and 1-year WOMAC and OKS

compared between improved and nonimproved patients. As

expected, the improved group reported significantly better

WOMAC and OKS 1 year after surgery as compared to

patients defined as nonimproved (p < 0.05). Overall, 11.7%

(373/3177) of patients showed no clinically important

improvement in terms of pain and functional activities at 1

year postoperatively.

From the TWH, 11.2% (51/457) of patients showed no

clinically important improvement 1 year after TKR based on

the WOMAC index, and 12.2% (55/457) of patients showed

no clinically important improvement 1 year after TKR based

on the WOMAC pain subscale. Of those showing no clini-

cal improvement, 12% (20/170) of patients were men, com-

pared to 11% (31/287) women (p = 0.42). The mean age of

patients with no improvement was 71.2 years (SD 7.2) as

compared to 66.9 years (SD 9.7) for improved patients (p =

0.004; Table 3). Logistic regression modeling showed that a

greater patient age was an independent predictor of no clin-

ically important improvement on the WOMAC scale 1 year

2 The Journal of Rheumatology 2011; 38:4; doi:10.3899/jrheum.100233
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after surgery (p = 0.0003, OR 1.06, 95% CI 1.02–1.10). For

every 1-year increase in age at the time of surgery, the

patient is 1.06 times more likely to show no improvement on

the WOMAC scale at 1 year post-TKR.

In the HHS cohort, 11.8% (322/2720) of patients showed

no clinically important improvement at 1 year following

TKR (Table 3). The mean age at surgery for the nonim-

proved patients was 70.2 years (SD 8.7) as compared to 69.5

years (SD 9.3) for the improved patients (p = 0.03).

Although this difference was statistically significant, it is

not clinically relevant or clinically significant. Fourteen per-

cent (142/1004) of men compared to 10% (180/1716) of

women demonstrated no clinical improvement as measured

by the OKS (p = 0.006). Logistic regression modeling

showed that male sex was an independent predictor of no

clinically important improvement on the OKS 1 year after

surgery (p = 0.008, OR 0.72, 95% CI 0.57–0.92; Table 4).

Men are 0.72 times more likely to show no clinically impor-

tant improvement on the OKS compared to women, 1 year

post-TKR.
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Table 1. Demographic data and baseline functional scores for both study sites.

TWH HHS

Characteristics Included, Excluded, p Included, Excluded, p

n = 457 n = 25 n = 2720 n = 544

Age, yrs (SD) 67.5 (9.6) 67.4 (9.3) 0.64 69 (9.1) 70 (9.3) 0.12

Women, n (%) 287 (62) 18 (72) 0.29 1719 (63) 323 (59) 0.10

BMI, kg/m2 (SD) 30 (6.6) 28.6 (7.3) 0.28 32 (6.1) 31.5 (6.1) 0.06

Comorbidity, mean (SD) 2.8 (1.6) 2.7 (1.5) 0.53 1.5 (1.2) 1.6 (1.2) 0.17

Mean baseline OKS (SD) — — — 40.1 (7.6) 40.4 (7.1) 0.35

Mean baseline WOMAC, 51.6 (17.3) 48.1 (16.8) 0.43 — — —

total score (SD)

Mean baseline WOMAC 10.5 (3.6) 9.5 (3.5) 0.88 — — —

pain (SD)

TWH: Toronto Western Hospital; HHS: Hamilton Health Sciences Henderson Hospital; BMI: body mass index;

OKS: Oxford Knee Score; WOMAC: Western Ontario McMaster University Osteoarthritis Index.

Table 2. Preoperative and 1-year functional outcome scores compared between improved and nonimproved

patients. Scores are mean (SD).

Score Type Improved, No Improvement, p

n = 2804 n = 373

Baseline WOMAC pain 10.7 (3.5) 7.4 (3.6) p < 0.0001

1-year WOMAC pain 3.9 (3.5) 8.8 (4.1) p < 0.0001

Baseline WOMAC total 52.1 (16.6) 42.6 (19.6) p < 0.0005

1-year WOMAC total 23.7 (16.8) 43.1 (23.3) p < 0.0001

Baseline OKS total 40.7 (7.1) 35.4 (9.1) p < 0.0001

1-year OKS total 21.6 (7.5) 35.2 (10.1) p < 0.0001

WOMAC: Western Ontario McMaster University Osteoarthritis Index; OKS: Oxford Knee Score.

Table 3. Univariate analysis of demographic predictors comparing improved and nonimproved patients for both

study sites.

TWH (WOMAC) HHS (OKS)

Characteristics Improved, No Improvement, p Improved, No Improvement, p

n = 406 (89%) n = 51 (11.2%) n = 2398 (88%) n = 322 (11.8%)

Age, yrs (SD) 66.9 (9.7) 71.2 (7.2) 0.004 69.5 (9.3) 70.2 (8.7) 0.03

Men, n (%) 150 (88) 20 (12) 862 (86) 142 (14)

Women, n (%) 256 (89) 31 (11)
0.42*

1536 (90) 180 (10)
0.006*

BMI, kg/m2 (SD) 30.2 (6.7) 28.7 (5.1) 0.7 32.0 (6.1) 31.9 (6.5) 0.38

Comorbidity, mean (SD) 2.9 (1.7) 2.6 (1.6) 0.22 1.5 (1.2) 1.5 (1.2) 0.66

* p value comparing result between men and women with no improvement (chi-square test). TWH: Toronto

Western Hospital; HHS: Hamilton Health Sciences Henderson Hospital; BMI: body mass index; OKS: Oxford

Knee Score; WOMAC: Western Ontario McMaster University Osteoarthritis Index.
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Additionally, the interaction between age and sex was

considered and tested in both regression models; however,

the interaction term did not reach significance in either

model (p = 0.954 and 0.674, respectively).

We did not observe a statistically significant difference

between the mean score of WOMAC at baseline or at 1 year

postoperative, either before or after the midpoint of our

study (Figure 1). Although the difference between OKS

baseline before and after study midpoint was statistically

significant, the difference was only 1 point, which is neither

clinically significant nor clinically relevant.

DISCUSSION

Despite extensive literature that assesses outcomes follow-

ing TKR, we would argue that the true rate of patients who

show no clinically important improvement following TKR

remains unknown. The MCID is considered an essential ele-

ment to measure the clinical relevance of score changes for

any intervention at the individual level22. Therefore, we

used the MCID to measure TKR outcomes to obtain more

clinically relevant results. Our data show that 11.7% of

patients showed no change in perceived pain and function at

the 1-year followup compared to their preoperative condi-

tion. Older age and male sex predicted those with no clini-

cally important improvement following surgery. As the

increase in healthcare expenditures highlights the need for

consistent assessment of the effectiveness of medical inter-

ventions34, such findings may help healthcare providers and

health service researchers to direct future research to

improve outcomes after TKR. Further, we believe that

patients should be counseled on a realistic expectation for

the potential of persistent pain after surgery, as unfulfilled

expectations have been shown to have a substantial effect on

patient satisfaction after TKR16,18,19,35.

Currently, there is no consensus in the arthroplasty liter-

ature as to which patient characteristics place patients at

greater risk for a negative outcome5. We found that older

patient age at the time of surgery and male sex independ-

ently predicted no clinically important improvement at the

1-year followup as compared to preoperative status. Similar

to our finding, others20,36 have shown that age greater than

65 years at the time of surgery is a predictor of a poor clin-

ical outcome at the 2-year followup. This may be attributed

to multiple comorbidity and the generalized character of OA

in this age group36,37. In a systematic review, Santaguida, et

al38 identified male sex to be associated with higher risk of

revision after TKR. In contrast to our findings, some authors

have found that age and sex were not significant predictors

of a poor clinical outcome or lack of improvement post -

operatively based on self-reported outcome meas-

ures5,6,12,39,40,41. However, many of these results should be

interpreted with caution due to small sample sizes or the

probability of residual confounding in these analyses that

may affect their results.

Few studies have examined the effect of medical comor-

4 The Journal of Rheumatology 2011; 38:4; doi:10.3899/jrheum.100233
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Table 4. Logistic regression modeling predicting patient with no clinical-

ly important improvement after surgery, adjusted for age, sex, body mass

index, and comorbidity.

TWH, HHS,

n = 457 n = 2720

Covariate OR (95% CI) p OR (95% CI) p

Age 1.06 (1.02, 1.10) 0.0003 0.99 (0.98, 1.01) 0.12

Male sex 1.31 (0.68, 2.56) 0.74 0.72 (0.57, 0.92) 0.008

BMI 0.99 (0.94, 1.05) 0.07 0.99 (0.98, 1.02) 0.76

Comorbidity 0.87 (0.87, 1.09) 0.31 0.98 (0.88, 1.09) 0.63

TWH: Toronto Western Hospital; HHS: Hamilton Health Sciences

Henderson Hospital; BMI: body mass index.

Figure 1. Comparisons of mean Western Ontario McMaster University Osteoarthritis Index and Oxford Knee

Score before and after the midpoint of the study period, at baseline and 1 year.
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bidity on functional outcomes following TKR. Similar to

our finding, many authors have shown that comorbidity was

not a significant predictor of outcome at 1-year fol-

lowup4,12,42,43. In the short term, however, comorbidity was

found to be a significant predictor of an increased compli-

cations rate and length of hospital stay after TKR44,45,46.

Further, coexisting ipsilateral hip OA could be a contribut-

ing factor that causes pain after TKR. Similar to oth-

ers5,47,48, our study has shown no significant association

between BMI and clinical improvement 1 year post-TKR.

This observation of “it looks good but feels bad” remains

a poorly understood phenomenon in knee replacement sur-

gery. It is presently unclear if metal sensitivity is a con-

tributing factor to ongoing pain and functional impairment

after TKR. Metal sensitivity has been described with differ-

ent materials used in TKR implants such as nickel, cobalt,

chromium, and titanium49,50,51. Histological findings of

hypersensitivity reaction have been observed in the tissues

around joint replacement implants in some revision

cases52,53. Recently, Granchi, et al54 studied metal sensitiza-

tion in 2 groups of patients who had TKR, some with and

some without implant loosening, and compared the findings

to a control group without TKR. Their results showed that

the prevalence of positive skin sensitivity reaction increased

significantly following TKR compared to the control group.

Further, a higher prevalence of sensitization reaction was

correlated with the presence of clinical symptoms such as

moderate pain in patients with stable TKR. Other authors

have also suggested that metal sensitivity may be a cause of

poor clinical performance after TKR and this should be dis-

cussed with patients before surgery49. Although the preva-

lence of dermal reaction to metal is about 10% of the gener-

al population55,56, and 20%–25% in the joint arthroplasty

population57, it is known that this does not predict a risk of

deep tissue allergy to metal after surgery55,57. Future

improvement of diagnostic testing for metal sensitivity will

likely help to identify patients vulnerable to metal sensitivi-

ty reaction and the potential for ongoing pain following

knee replacement surgery.

There are potential limitations of our study. First, the

reported data represent the experience of high-volume aca-

demic hospitals and therefore these findings can be general-

ized only to a similar setting. Second, we did not examine

radiographs for component malalignment, which may be a

possible unmeasured confounder of the outcome in our

analysis. Third, the MCID for the WOMAC index has been

suggested to range between 7.5 and 15 points24,30,58,59, and

we have chosen the more conservative difference for our

study. This would then potentially underestimate the preva-

lence of poor reported outcomes following this surgery.

Finally, there is no well established value of MCID for the

OKS within the literature; however, we used a 5-point dif-

ference as suggested by the OKS authors. This value was

calculated using a distribution-based method that estimates

the MCID at half the SD, which was consistent with our

findings.

We acknowledge that use of 2 different outcome meas-

ures that represent slightly different forms and are structured

in different ways are not comparable. However, it is not our

intention to compare the outcome of surgery at 1 institution

vs another, nor to compare the 2 outcome measures against

each other. We simply reported the outcome from each cen-

ter individually, which demonstrates a consistent finding

across 2 sites. We believe the strength of presenting consis-

tent findings from the 2 sites supports our conclusions.

The strength of this analysis is that we used the preoper-

ative functional score as a baseline and compared it to 1-

year followup to examine the effect TKR has on change in

pain and function. Further, we reviewed large numbers of

consecutive patients and adjusted for clinically relevant

potential confounders of the outcome in our analysis.

Finally, we used the MCID to test for significance to obtain

more clinically relevant results.

Our study has shown that 11.7% of patients who had

TKR reported no clinically important improvement 1 year

after surgery, based on self-reported outcome measures

using the MCID. We found that older patient age and male

sex are independent predictors for this poor outcome. This

knowledge should be considered when counseling patients

preoperatively to help set realistic patient expectations of

TKR.

REFERENCES

1. Liang MH, Cullen KE, Larson MG, Thompson MS, Schwartz JA,

Fossel AH, et al. Cost-effectiveness of total joint arthroplasty in

osteoarthritis. Arthritis Rheum 1986;29:937-43.

2. Hawker GA, Badley EM, Croxford R, Coyte PC, Glazier RH, Guan

J, et al. A population-based nested case-control study of the costs of

hip and knee replacement surgery. Med Care 2009;47:732-41.

3. Rasanen P, Paavolainen P, Sintonen H, Koivisto AM, Blom M,

Ryynanen OP, et al. Effectiveness of hip or knee replacement

 surgery in terms of quality-adjusted life years and costs. Acta

Orthop 2007;78:108-15.

4. Anderson JG, Wixson RL, Tsai D, Stulberg SD, Chang RW.

Functional outcome and patient satisfaction in total knee patients

over the age of 75. J Arthroplasty 1996;11:831-40.

5. Kane RL, Saleh KJ, Wilt TJ, Bershadsky B. The functional

 outcomes of total knee arthroplasty. J Bone Joint Surg Am

2005;87:1719-24.

6. Ethgen O, Bruyere O, Richy F, Dardennes C, Reginster JY. 

Health-related quality of life in total hip and total knee arthroplasty.

A qualitative and systematic review of the literature. J Bone Joint

Surg Am 2004;86:963-74.

7. National Institutes of Health Consensus Statement on total knee

replacement. December 8-10, 2003. J Bone Joint Surg Am

2004;86:1328-35.

8. Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projections of

 primary and revision hip and knee arthroplasty in the United States

from 2005 to 2030. J Bone Joint Surg Am 2007;89:780-5.

9. Dixon T, Shaw M, Ebrahim S, Dieppe P. Trends in hip and knee

joint replacement: socioeconomic inequalities and projections of

need. Ann Rheum Dis 2004;63:825-30.

10. Naylor JM, Harmer AR, Heard RC, Harris IA. Patterns of recovery

5Alzahrani, et al: Improvement following TKR

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2011. All rights reserved.

 www.jrheum.orgDownloaded on April 20, 2024 from 

http://www.jrheum.org/


following knee and hip replacement in an Australian cohort. Aust

Health Rev 2009;33:124-35.

11. Gandhi R, Dhotar H, Razak F, Tso P, Davey JR, Mahomed NN.

Predicting the longer term outcomes of total knee arthroplasty.

Knee 2010;17:15-8.

12. Brander VA, Stulberg SD, Adams AD, Harden RN, Bruehl S,

Stanos SP, et al. Predicting total knee replacement pain: a

 prospective, observational study. Clin Orthop Relat Res

2003;416:27-36.

13. Brander V, Gondek S, Martin E, Stulberg SD. Pain and depression

influence outcome 5 years after knee replacement surgery. Clin

Orthop Relat Res 2007;464:21-6.

14. Hawker G, Wright J, Coyte P, Paul J, Dittus R, Croxford R, et al.

Health-related quality of life after knee replacement. J Bone Joint

Surg Am 1998;80:163-73.

15. Robertsson O, Dunbar M, Pehrsson T, Knutson K, Lidgren L.

Patient satisfaction after knee arthroplasty: a report on 27,372 knees

operated on between 1981 and 1995 in Sweden. Acta Orthop Scand

2000;71:262-7.

16. Noble PC, Conditt MA, Cook KF, Mathis KB. The John Insall

Award: Patient expectations affect satisfaction with total knee

arthroplasty. Clin Orthop Relat Res 2006;452:35-43.

17. Gandhi R, Davey JR, Mahomed NN. Predicting patient

 dissatisfaction following joint replacement surgery. J Rheumatol

2008;35:2415-8.

18. Dickstein R, Heffes Y, Shabtai EI, Markowitz E. Total knee

 arthroplasty in the elderly: patients’ self-appraisal 6 and 12 months

postoperatively. Gerontology 1998;44:204-10.

19. Baker PN, van der Meulen JH, Lewsey J, Gregg PJ. The role of

pain and function in determining patient satisfaction after total knee

replacement. Data from the National Joint Registry for England and

Wales. J Bone Joint Surg Br 2007;89:893-900.

20. Franklin PD, Li W, Ayers DC. The Chitranjan Ranawat Award:

functional outcome after total knee replacement varies with patient

attributes. Clin Orthop Relat Res 2008;466:2597-604.

21. Singh J, Sloan JA, Johanson NA. Challenges with health-related

quality of life assessment in arthroplasty patients: problems and

solutions. J Am Acad Orthop Surg 2010;18:72-82.

22. Jaeschke R, Singer J, Guyatt GH. Measurement of health status.

Ascertaining the minimal clinically important difference. Control

Clin Trials 1989;10:407-15.

23. Norman GR, Sloan JA, Wyrwich KW. Interpretation of changes in

health-related quality of life: the remarkable universality of half a

standard deviation. Med Care 2003;41:582-92.

24. Escobar A, Quintana JM, Bilbao A, Arostegui I, Lafuente I,

Vidaurreta I. Responsiveness and clinically important differences

for the WOMAC and SF-36 after total knee replacement.

Osteoarthritis Cartilage 2007;15:273-80.

25. Quintana JM, Escobar A, Bilbao A, Arostegui I, Lafuente I,

Vidaurreta I. Responsiveness and clinically important differences

for the WOMAC and SF-36 after hip joint replacement.

Osteoarthritis Cartilage 2005;13:1076-83.

26. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW.

Validation study of WOMAC: a health status instrument for

 measuring clinically important patient relevant outcomes to

antirheumatic drug therapy in patients with osteoarthritis of the hip

or knee. J Rheumatol 1988;15:1833-40.

27. Dawson J, Fitzpatrick R, Murray D, Carr A. Questionnaire on the

perceptions of patients about total knee replacement. J Bone Joint

Surg Br 1998;80:63-9.

28. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW.

Validation study of WOMAC: a health status instrument for

 measuring clinically-important patient-relevant outcomes following

total hip or knee arthoplasty in osteoarthritis. J Orthopaed

Rheumatol 1988;1:95-108.

29. Angst F, Aeschlimann A, Steiner W, Stucki G. Responsiveness of

the WOMAC osteoarthritis index as compared with the SF-36 in

patients with osteoarthritis of the legs undergoing a comprehensive

rehabilitation intervention. Ann Rheum Dis 2001;60:834-40.

30. Mahomed NN, Davis AM, Hawker G, Badley E, Davey JR, Syed

KA, et al. Inpatient compared with home-based rehabilitation

 following primary unilateral total hip or knee replacement: a

 randomized controlled trial. J Bone Joint Surg Am 2008;

90:1673-80.

31. Garratt AM, Brealey S, Gillespie WJ. Patient-assessed health

 instruments for the knee: a structured review. Rheumatology

2004;43:1414-23.

32. Marx RG, Jones EC, Atwan NC, Closkey RF, Salvati EA, Sculco

TP. Measuring improvement following total hip and knee

 arthroplasty using patient-based measures of outcome. J Bone Joint

Surg Am 2005;87:1999-2005.

33. Murray DW, Fitzpatrick R, Rogers K, Pandit H, Beard DJ, Carr AJ,

et al. The use of the Oxford hip and knee scores. J Bone Joint Surg

Br 2007;89:1010-4.

34. Hirsch HS. Total joint replacement: a cost-effective procedure for

the 1990s. Med Health RI 1998;81:162-4.

35. Mahomed NN, Liang MH, Cook EF, Daltroy LH, Fortin PR, Fossel

AH, et al. The importance of patient expectations in predicting

functional outcomes after total joint arthroplasty. J Rheumatol

2002;29:1273-9.

36. McGuigan FX, Hozack WJ, Moriarty L, Eng K, Rothman RH.

Predicting quality-of-life outcomes following total joint

 arthroplasty. Limitations of the SF-36 Health Status Questionnaire.

J Arthroplasty 1995;10:742-7.

37. Nilsdotter AK, Petersson IF, Roos EM, Lohmander LS. Predictors

of patient relevant outcome after total hip replacement for

osteoarthritis: a prospective study. Ann Rheum Dis 2003;62:923-30.

38. Santaguida PL, Hawker GA, Hudak PL, Glazier R, Mahomed NN,

Kreder HJ, et al. Patient characteristics affecting the prognosis of

total hip and knee joint arthroplasty: a systematic review. Can J

Surg 2008;51:428-36.

39. Fortin PR, Clarke AE, Joseph L, Liang MH, Tanzer M, Ferland D,

et al. Outcomes of total hip and knee replacement: preoperative

functional status predicts outcomes at six months after surgery.

Arthritis Rheum 1999;42:1722-8.

40. Jones CA, Voaklander DC, Johnston DW, Suarez-Almazor ME. The

effect of age on pain, function, and quality of life after total hip and

knee arthroplasty. Arch Intern Med 2001;161:454-60.

41. Hawker G, Wright J, Coyte P, Paul J, Dittus R, Croxford R, et al.

Health-related quality of life after knee replacement. J Bone Joint

Surg Am 1998;80:163-73.

42. Ayers DC, Franklin PD, Ploutz-Snyder R, Boisvert CB. Total knee

replacement outcome and coexisting physical and emotional illness.

Clin Orthop Relat Res 2005;440:157-61.

43. Jones CA, Beaupre LA, Johnston DW, Suarez-Almazor ME. Total

joint arthroplasties: current concepts of patient outcomes after

 surgery. Rheum Dis Clin North Am 2007;33:71-86.

44. Kreder HJ, Grosso P, Williams JI, Jaglal S, Axcell T, Wal EK, et al.

Provider volume and other predictors of outcome after total knee

arthroplasty: a population study in Ontario. Can J Surg 2003;

46:15-22.

45. Weaver F, Hynes D, Hopkinson W, Wixson R, Khuri S, Daley J, et

al. Preoperative risks and outcomes of hip and knee arthroplasty in

the Veterans Health Administration. J Arthroplasty 2003;18:693-708.

46. Wasielewski RC, Weed H, Prezioso C, Nicholson C, Puri RD.

Patient comorbidity: relationship to outcomes of total knee

 arthroplasty. Clin Orthop Relat Res 1998;356:85-92.

47. Stickles B, Phillips L, Brox WT, Owens B, Lanzer WL. Defining

the relationship between obesity and total joint arthroplasty. Obes

Res 2001;9:219-23.

6 The Journal of Rheumatology 2011; 38:4; doi:10.3899/jrheum.100233

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2011. All rights reserved.

 www.jrheum.orgDownloaded on April 20, 2024 from 

http://www.jrheum.org/


48. Rajgopal V, Bourne RB, Chesworth BM, Macdonald SJ, McCalden

RW, Rorabeck CH. The impact of morbid obesity on patient

 outcomes after total knee arthroplasty. J Arthroplasty 2008;

23:795-800.

49. Niki Y, Matsumoto H, Otani T, Yatabe T, Kondo M, Yoshimine F, et

al. Screening for symptomatic metal sensitivity: a prospective study

of 92 patients undergoing total knee arthroplasty. Biomaterials

2005;26:1019-26.

50. Lalor PA, Revell PA, Gray AB, Wright S, Railton GT, Freeman

MA. Sensitivity to titanium. A cause of implant failure? J Bone

Joint Surg Br 1991;73:25-8.

51. Hallab NJ, Anderson S, Stafford T, Glant T, Jacobs JJ. Lymphocyte

responses in patients with total hip arthroplasty. J Orthop Res

2005;23:384-91.

52. Willert HG, Buchhorn GH, Fayyazi A, Flury R, Windler M, Koster

G, et al. Metal-on-metal bearings and hypersensitivity in patients

with artificial hip joints. A clinical and histomorphological study. 

J Bone Joint Surg Am 2005;87:28-36.

53. Park YS, Moon YW, Lim SJ, Yang JM, Ahn G, Choi YL. Early

osteolysis following second-generation metal-on-metal hip

 replacement. J Bone Joint Surg Am 2005;87:1515-21.

54. Granchi D, Cenni E, Tigani D, Trisolino G, Baldini N, Giunti A.

Sensitivity to implant materials in patients with total knee

 arthroplasties. Biomaterials 2008;29:1494-500.

55. Merritt K, Rodrigo JJ. Immune response to synthetic materials.

Sensitization of patients receiving orthopaedic implants. Clin

Orthop Relat Res 1996;326:71-9.

56. Basketter DA, Briatico-Vangosa G, Kaestner W, Lally C, Bontinck

WJ. Nickel, cobalt and chromium in consumer products: a role in

allergic contact dermatitis? Contact Dermatitis 1993;28:15-25.

57. Hallab N. Metal sensitivity in patients with orthopedic implants. 

J Clin Rheumatol 2001;7:215-8.

58. Bellamy N, Kean WF, Buchanan WW, Gerecz-Simon E, Campbell

J. Double blind randomized controlled trial of sodium

 meclofenamate (Meclomen) and diclofenac sodium (Voltaren): post

validation reapplication of the WOMAC Osteoarthritis Index. 

J Rheumatol 1992;19:153-9.

59. Ehrich EW, Davies GM, Watson DJ, Bolognese JA, Seidenberg BC,

Bellamy N. Minimal perceptible clinical improvement with the

Western Ontario and McMaster Universities osteoarthritis index

questionnaire and global assessments in patients with osteoarthritis.

J Rheumatol 2000;27:2635-41.

7Alzahrani, et al: Improvement following TKR

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2011. All rights reserved.

 www.jrheum.orgDownloaded on April 20, 2024 from 

http://www.jrheum.org/

