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Abstract

Background—Instruments designed to predict extent of pain and function following knee 

arthroplasty (KA) recovery have strong potential to guide patients and clinicians in shared 

decision-making. Our purpose was to test the external validity of a recently developed prognostic 

instrument designed to estimate the probability of nonresponse following knee arthroplasty.

Methods—We used data from the Osteoarthritis Initiative (OAI), a nine-year multi-site National 

Institutes of Health study designed to examine the natural history of knee osteoarthritis in 4,796 

subjects. A total of 427 subjects underwent KA over the study period. Dowsey and colleagues 

examined the prognostic role of obesity, general mental health, pain and function, and Kellgren 

and Lawrence knee osteoarthritis (OA) grades. Calibration of the prognostic model was 

determined using a calibration curve. The c-statistic was used to indicate discrimination of the 

model.

Results—In the primary analysis 63 (19.3%) of 326 subjects in OAI were classified as non-

responders. The calibration curve generated from OAI data indicated poor calibration relative to 

the recently developed instrument. Discrimination as measured by the c-statistic was 0.76.

Conclusion—The external validity of the prognostic instrument was partially supported. While 

discrimination of the model was very similar to the recently developed instrument, calibration was 

poor indicating poor agreement between actual versus predicted probabilities of nonresponse. 

WOMAC and Kellgren and Lawrence grades show strong potential for use in future prognostic 
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model development. Measurements of general mental health and obesity were not prognostic for 

nonresponse.
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INTRODUCTION

A hallmark of contemporary prognostic research is the development of simple-to-use 

instruments that determine the extent to which multiple variables predict an important 

outcome [1]. The nomogram developed by Dowsey and colleagues for predicting risk of 

nonresponse following knee arthroplasty (KA) is an example [2]. Development of these 

instruments, however, is inadequate to assure generalizability to different clinical sites. 

There are, for example, differences in healthcare systems, methods of obtaining 

measurements, and patient characteristics that could explain why a prognostic model may 

not generalize beyond the sample in which it was developed [3]. Validation on a sample 

independent from the development study is required before the instrument can be 

recommended for widespread use [3,4].

Estimating the risk of poor outcome following KA is a highly important preoperative 

prognostic assessment. Patients who are better informed about their prognosis can engage in 

more robust shared decision-making. Additionally, if patients have modifiable factors which 

place them at high risk for poor outcome prior to surgery, these factors can be optimized 

prior to surgery to reduce poor outcome risk. Given the recent focus by Medicare [5] and 

other stakeholders [6] on outcome monitoring for patients undergoing KA, this type of 

research is a high priority.

Dowsey and colleagues examined the prognostic value of several pre-operative variables in 

predicting one-year pain and physical function outcomes in a sample of 562 patients with 

KA [2]. Poor outcome was defined using the term “nonresponse” as specified by Outcome 

Measures in Rheumatology - Osteoarthritis Research Society International (OMERACT-

OARSI) responder criteria [7]. These criteria use WOMAC pain and function scores in 

various combinations to classify patients as either responding or not responding to treatment. 

A total of 11 pre-operative predictor variables were measured and four were found in the 

multivariable model to estimate risk of nonresponse. Key pre-operative predictor variables 

were body mass index (BMI) classified as <40kg/m2 or ≥ 40 kg/m2, Kellgren and Lawrence 

(K&L) grade, classified as grade 4 or ≤ grade 3, the Total WOMAC score, and the SF-12 

Mental Component Summary score classified into quartiles. Results were converted to an 

easy-to-use nomogram designed to speed translation in clinical settings.

Our objective was to conduct an external validation study of the work by Dowsey and 

colleagues [2]. We examined the extent to which the multivariable model and nomogram 

generalized to an independent dataset.
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MATERIAL AND METHODS

Data source

The Osteoarthritis Initiative (OAI) is a nine-year prospective community-based National 

Institutes of Health and privately funded multicenter natural history longitudinal study of 

persons with radiographic knee osteoarthritis (OA) or who are at high risk for developing 

knee OA. Knee OA risk was determined by one or more of the following: overweight or 

obesity, prior knee injury or surgery, knee symptoms or family history of knee replacement 

surgery. The OAI study was approved by the Institutional Review Boards and all subjects 

signed informed consent at one of four sites: (1) University of Maryland, Baltimore, 

Maryland, (2) Ohio State University, Columbus, Ohio, (3) University of Pittsburgh, 

Pittsburgh, Pennsylvania, and (4) Memorial Hospital of Rhode Island, Pawtucket, Rhode 

Island.

A total of 17,457 men and women aged 45 to 79 years were screened and 4,796 were 

enrolled. Among the more common exclusion criteria were magnetic resonance imaging 

height and weight limitations (n=2,328), recruitment thresholds for age and gender 

(n=2,954) and dropouts prior to the enrollment visit (n=4,381). The OAI website provides 

detailed information (http://www.oai.ucsf.edu/).

Subjects

Over the nine-year study period, a total of 427 subjects had at least one primary KA. In the 

OAI, subjects indicate during yearly visits when a KA was done in the prior year. OAI 

investigators adjudicate all KAs using medical record data and in our study 412 KAs were 

confirmed and 15 were pending adjudication.

Much like the study of Dowsey et al, some subjects in our sample had more than one 

arthroplasty. In the OAI, 107 of 427 subjects had right and left knee arthroplasty procedures 

over the nine-year period and in 56 of the 107, two KAs were done in the same year. When a 

subject had bilateral KA in different years or in the same year but different days we used 

data associated with the earliest procedure and when bilateral KA was done on the same day, 

we randomly selected either the right or left knee for study. We used only on knee per 

subject so that each subjects’ data was independent.

The diagnosis was OA in the majority of cases (381 of 427), 2 had rheumatoid arthritis, 1 

had osteonecrosis, 16 had post-traumatic OA and in 27, the pre-operative diagnostic data 

were missing. There were 383 total KAs and 34 partial KAs in our sample while for 10 

knees the procedural data were missing. For the 34 knees with partial KAs, there were 3 

with a lateral KA, 29 with medial KA and 2 with patellofemoral KA.

Measurement of outcome

Each year from baseline to the nine-year follow-up, subjects completed the WOMAC Pain 

(scores ranging from 0 to 20 with higher scores equating to worse pain during activity), 

Physical Function (scores ranging from 0 to 68 with higher scores equating to more 

difficulty with activity) and Stiffness (scores ranging from 0 to 8 with higher scores equating 
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to worse stiffness) scales. Scores on these scales are summed for the WOMAC Total Score. 

The WOMAC scale has been used extensively in the arthroplasty literature and has been 

validated in multiple studies [8,9]. In accordance with the method used by Dowsey and 

colleagues, [2] the three WOMAC subscales to calculate responder scores using the 

OMERACT-OARSI responder criteria [7]. In brief, these criteria classify subjects as 

responders if they demonstrate a 50% reduction and a 20 point absolute change (using scores 

transformed to a 0 to 100 scale) in either WOMAC Pain or Function, or a 20% improvement 

and a 10 point absolute improvement in any 2 of the 3 subscales of pain, function or total 

scores. Subjects are classified as non-responders if they do not meet any of these criteria.

In the OAI, the time between yearly study visits and the surgery date varied for each subject. 

Because OAI has time varying data relative to KA surgery, we used two postoperative 

windows of time to examine responder criteria. For the pre-operative data we used the visit 

prior to surgery. For the postoperative follow-up we used two windows of time. For the 

primary analysis, we used the postoperative follow-up period (described as Model #1) 

between 365 days and 730 days post-surgery. For a secondary analysis (described as Model 

#2) the postoperative visit occurred between 180 days and 540 days post-surgery. We chose 

these time periods because pain and function outcome from 6 months to 2 years following 

KA has been shown to be reasonably stable in several outcome studies [10–12]. Using two 

windows of time maximized the number of subjects for each analysis and allowed for a 

sensitivity analysis.

Predictors of outcome

We used the four pre-operative predictor variables identified by Dowsey and colleagues in 

their multivariable model for predicting nonresponse. These variables were BMI, 

dichotomized as either <40kg/m2 or ≥ 40kg/m2, Kellgren and Lawrence (K&L) grade [13] 

classified as grade 4 or ≤ grade 3, the Total WOMAC score, and the SF-12 Mental 

Component Summary (MCS) score, a validated general health status measure of generalized 

psychological distress [14], classified into quartiles as normal (≥50 points), mild 

psychological distress (40 to 49.9 points), moderate psychological distress (30 to 39.9 

points) and severe psychological distress (<30 points). Because K&L grades and the MCS 

were not collected in OAI during follow-up years 5 and 7, we used preoperative scores 

within 2 years of surgery for subjects who had TKA in OAI years 7 and 9, respectively.

Knee radiographs were obtained on all subjects using a highly standardized, reliable and 

valid approach [15]. Two central site readers and a third adjudicator, all either a 

rheumatologist or a musculoskeletal radiologist with extensive training and very high 

reliability [16] read all radiographs.

Data analysis

Validation of a prognostic model requires use of variables and coefficients from the original 

prognostic model including, in this case, the multiple logistic regression model estimates by 

Dowsey and colleagues [2]. The four variables predicting nonresponse were BMI 

dichotomized to ≥40 or <40, K&L knee OA grade, dichotomized to <4 or 4, MCS scores 

divided into quartiles, and the WOMAC Total score. Because only 2 subjects had MCS 
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scores in the bottom (worst) quartile, we included these two subjects in the third quartile of 

scores (<40).

To develop a prognostic model, both calibration and discrimination of the model are tested 

[17]. “Calibration” describes how well the observed and predicted probabilities of the 

outcomes of interest (i.e., non-response following KA) align. Calibration is typically tested 

by plotting the predicted probabilities versus the observed outcome. A line is created to 

represent the agreement between the predicted and observed probabilities where a line at 45 

degrees indicates perfect agreement. “Discrimination” in our study describes the ability of 

the model to assign higher probabilities for true non-responders as compared to true 

responders. Discrimination is commonly tested using the concordance statistic (c-statistic), 

also known as the area under the receiver operating characteristic curve [17].

Dowsey and colleagues assessed calibration by plotting the observed proportions of 

nonresponse and the predicted probabilities of nonresponse from their logistic regression 

model. The plot showed only slight deviation from perfect prediction across the range of 

probabilities, with slight overestimation at the end of the distribution and slight 

underestimation occurring at the beginning and middle of the distribution. To assess 

discrimination of the model (i.e., how well does the model differentiate among responders 

versus non-responders) Dowsey and colleagues reported a c-statistic of 0.74. This estimate 

indicates that the model will assign a higher probability to a randomly selected non-

responder 74% of the time [18].

We used the coefficients from the model by Dowsey and colleagues (see Table 2) to assess 

calibration and discrimination in our external validation dataset [3]. Calibration was tested 

by plotting observed and predicted probabilities using OAI data and the coefficients from 

Dowsey and colleagues. The c-statistic was calculated for discrimination. Calibration and 

discrimination were tested both for the primary analysis (i.e., Model #1) and the sensitivity 

analysis (i.e., Model #2).

To aid interpretation, we conducted a multiple logistic regression using the four key 

variables from Dowsey et al. (i.e., BMI, K&L grade, MCS and WOMAC Total scores) to 

generate coefficients directly from OAI data. This approach was used to determine the extent 

to which the two datasets may have differed in their predictive qualities for each of the key 

predictor variables. All analyses were completed using the R statistical software [19].

Results

A total of 326 subjects had follow-up outcome data for the primary analysis (i.e., Model #1) 

and of these, 63 (19.3%) were classified as non-responders. The postoperative visit was, on 

average, 536 (sd=95) days post-surgery. Missing data on predictor variables further lowered 

the sample size to 272 with a total of 52 participants classified as non-responders (19.1%). 

For the sensitivity analysis (i.e., Model #2), a total of 349 subjects were included and 85 

(24.4%) were classified as non-responders. The postoperative visit for the sensitivity 

analysis was a mean of 355 (sd=108) days following surgery. Similar to the primary 
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analysis, missing data on predictors reduced the total sample size to 284 with 69 (24.3%) 

being classified as non-responders.

The preoperative characteristics of the OAI samples for the key preoperative variables are 

reported in Table 1. Our validation calibration plot indicated poor calibration of the OAI data 

when applying the prognostic coefficients reported by Dowsey and colleagues. There was 

substantial underestimation at the lower and upper middle parts of the calibration curve (i.e. 

when the curve deviates above the diagonal line) (See Figure 1). The calibration curve for 

the sensitivity analysis (Model #2) was essentially identical to that found for Model #1 (see 

appendix). To test discrimination, the c-statistic for the primary analysis was 0.76 (95%CI = 

0.69, 0.83) and 0.76 (95%CI = 0.70, 0.83) for Model #2. Dowsey and colleagues reported a 

c-statistic of 0.74. The coefficients from the multiple logistic regression estimated from OAI 

data and from the work of Dowsey and colleagues are reported in Table 2.

Discussion

The prognostic nomogram developed by Dowsey and colleagues [2] is, to our knowledge, 

the first prognostic instrument designed to aid both clinicians and patients in estimating risk 

of nonresponse to KA. As Dowsey and colleagues acknowledge, however, external 

validation on an independent dataset is necessary before broad implementation of the 

nomogram can be endorsed.

Our study tested the external validity of the Dowsey et al. [2] prognostic nomogram and our 

findings were mixed. On the one hand, discrimination, as measured by the c-statistic was 

very similar to that reported by Dowsey and colleagues. A c-statistic discrimination index of 

0.76 indicates that 76% of the time, non-responders would be expected to have higher 

probabilities of non-response as compared to responders. Discrimination as a test of 

validation was therefore supported. In addition, our nonresponse rate of 19.3% for the 

primary analysis is similar to the nonresponse rate of 15% reported by Dowsey and 

colleagues [7]. On the other hand, our examination of model calibration, an indicator of the 

stability of the prediction of nonresponse across a range of probabilities, indicated instability 

in estimating actual probability of nonresponse. In particular, the nomogram substantially 

underestimated the observed proportions on the lower and middle to upper parts of the curve 

(see Figure 1). Dowsey and colleagues found that calibration was much closer to ideal with 

only slight deviations from perfect prediction.

It is the calibration test that describes the utility of the nomogram for estimating probability 

of non-response as determined with the nomogram. In our validation testing of the 

nomogram, the calibration line fitting our data deviated substantially from the diagonal line 

indicating poor validation. Based on this analysis, the nomogram developed by Dowsey and 

colleagues appears to require additional development and study prior to broad clinical 

application.

Our study has several strengths. First, data were collected from four sites in different regions 

of the country. This may support generalizability of our findings. In addition, though our 

sample is not as large as that reported by Dowsey and colleagues, the sample sizes are 
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nonetheless relatively large and loss to follow-up is relatively low. We had an 88% follow-up 

for 2 to 3 year post surgery visits when accounting for subjects who had surgery in years 8 

or 9 and who were not eligible for follow-up visits at the time of our study. When 

considering all subjects independent of surgery date, we had 76% follow-up at the 2- to 3-

year visit window and 82% follow-up at the 6- to 18-month visit window.

We included both unicompartmental and total knee arthroplasty cases which may have 

influenced our findings. We compared the preoperative WOMAC Pain and Function scores 

of these two subgroups of KAs and found that scores were similar. For example, patients 

with unicompartmental KA had preoperative WOMAC Pain mean scores of 8.2 points 

compared to 7.5 points for persons with total KA. Differences among unicompartmental and 

total KAs preoperatively were not significantly different (p values of 0.329 for WOMAC 

Pain (t = 0.977) and 0.969 for WOMAC Function (t=0.038)).

We conducted a second post hoc analysis to determine if the main findings were maintained 

if we excluded persons with unicompartmental KA. The area under the curve estimates were 

0.774 (0.698, 0.850) for the Model #1 analysis and 0.777 (0.712, 0.840) for the Model #2 

analysis. These estimates are almost identical to the full analyses as were the calibration 

plots (see Appendix). These data, provide substantial evidence to suggest that inclusion of 

unicompartmental KA in our sample did not influence our findings.

Our sample, much like sample studied by Dowsey and colleagues included persons with 

unilateral and bilateral KA. Because bilateral KA may be associated with poor outcome, we 

determined the proportion of persons with bilateral KA and the proportion of persons with 

unilateral KA in the non-responder group. For the primary analysis (described as Model #1), 

16.3% of the persons with bilateral arthroplasty were classified as non-responders while 

20.4% of persons with unilateral knee arthroplasty were non-responders. We consider this 

difference to be minor and supportive of the argument that the findings are not generally 

influenced by subjects with bilateral versus unilateral knee arthroplasty.

One limitation of our study is that the OAI study sample is relatively healthy at baseline, and 

only a minority of the subjects have undergone arthroplasty. However, the study specifically 

assessed nonresponse in persons who had undergone KA. In addition, a small number of 

subjects (n = 34) in OAI underwent unicompartmental KA which may influence 

generalizability. While, improvements following unicompartmental knee replacement are 

similar to that reported for total knee arthroplasty [20], and indications are overlapping 

[21,22], inclusion of subjects with unicompartmental KA may have influenced the results. 

This concern is lessened by our post hoc analyses showing no significant difference in 

preoperative scores among unicompartmental versus total KA recipients and the analyses 

showing essentially no difference in findings when the unicompartmental cases were 

excluded. Since one of our goals was to design this study to mimic routine clinical practice, 

we included persons who underwent either total or unicompartmental KAs. Similarly, we 

included persons who had multiple KA surgeries over the study period, much like the study 

of Dowsey and colleagues [2].
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Our study also is limited because our data was time varying unlike the data from Dowsey 

and colleagues. As a result, we conducted a sensitivity analysis in addition to the primary 

analysis to account for the fact that subjects in OAI were followed up at different times 

relative to the date of KA. One approach used 2- to 3-year postoperative data while the other 

used 6-month to 18-month postoperative data. Our findings were very similar for both time 

periods suggesting that these time windows did not contribute error to our analyses. The 

time from the pre-operative OAI visit to surgery averaged 169 days (sd=95) and this 

variation also may have contributed error to our estimates (see Table 2). In two post hoc 

analyses we examined: 1) number of days between the preoperative visit and surgery, used 

as a covariate in the logistic regression model, and 2) a subgroup of only those with a 

preoperative visit within 6 months of surgery (n = 231). In post hoc analysis 1, number of 

days was not a significant predictor of responder status and, in post hoc analysis 2, findings 

were not appreciably changed relative to the findings for the entire sample (See Appendix).

To determine why the calibration test for the Dowsey et al. prognostic model did not 

generalize to OAI data, we conducted two post hoc analyses. First, we generated a 

calibration plot using multiple logistic regression coefficients estimated from OAI data. 

Because these post hoc analyses were exploratory, and the calibration was not performed on 

an external sample, we used a random sampling boostrapping procedure to estimate the 

probability distributions, much like the methods by Dowsey and colleagues [2]. This plot 

(see Figure 2) showed a better fit as compared to the validation test but probabilities of 

nonresponse deviated from ideal at the ends and middle of the curve, suggesting a non-linear 

association. When examining the calibration plot generated only from the baseline WOMAC 

total score (see Figure 3) there were more substantial deviations at the ends of the curve 

relative to the plot shown in Figure 2. These findings suggest that the WOMAC total score 

was the likely source of non-linearity in our calibration test of the Dowsey et al. model. In 

addition, our sample had lower (better) WOMAC scores prior to surgery as compared to the 

Dowsey et al. data, which also may have contributed to the poor calibration in our data.

Compared to the sample studied by Dowsey and colleagues [2], our sample had: 1) a lower 

percentage of subjects with BMI ≥ 40kg/m2, 2) a lower percentage with moderate or severe 

MCS scores, 3) a similar percentage with K&L scores of 3 or less and 4) lower (better) 

WOMAC Total scores. Neither the BMI or MCS variables in OAI contributed substantively 

to the model unlike that of Dowsey et al. For example, our sample’s lower percentages of 

morbidly obese subjects and fewer psychologically distressed subjects relative to the sample 

in the Dowsey et al. study likely contributed to the poor calibration in the OAI dataset. We 

had, for example, only 17 (4%) subjects in our study with a BMI of 40 or greater compared 

to 101 (16.4%) in the Dowsey et al. study. Our small sample of morbidly obese subjects was 

likely influenced by weight restrictions imposed in OAI because of MRI requirements. 

However, our morbidly obese subjects were not at higher risk for nonresponse relatively to 

the non-morbidly obese sample (see Table 2).

As demonstrated in the multiple logistic regression analysis, the coefficients in Table 2 

suggest that WOMAC Total scores were more powerful predictors of nonresponse in the 

OAI data as compared to the Dowsey et al. data. The contribution of K&L grades to the 

prediction of nonresponse appeared to be very similar in the two datasets while BMI and 
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MCS made non-significant contributions to prognostic prediction. Overall, the substantive 

differences in BMI, MCS, and WOMAC Total scores between the two datasets likely 

explain the weak calibration findings in OAI relative to the findings by Dowsey et al. and 

reflect fundamental differences in sample characteristics. Importantly, in spite of these 

differences, WOMAC Total and K&L grades appear to be important prognostic predictors 

across datasets.

Additional prognostic variables also warrant further study and may add to the predictive 

power of WOMAC scores and index knee K&L grades. For example, instruments designed 

to quantify pain catastrophizing, anxiety and depressive symptom severity may provide more 

granular and therefore more stable and more predictive measures of psychological health 

[23]. Contralateral knee OA and pain status [24] as well as index knee quadriceps 

strength[25], fibromyalgia symptoms[26] and overall bodily pain also have been associated 

with poor outcome following KA and may add to the power of a prognostic model. Finally, 

greater comorbidity[27] and African American race[28] also are associated with poor 

outcome.

Conclusions

The prognostic nomogram developed by Dowsey and colleagues was partially supported in 

our external validation study. The prognostic role of WOMAC Total scores and K&L grades 

were substantiated in our study but the importance of BMI and SF-12 MCS scores were not 

supported. Differences in sample characteristics between our study and that of Dowsey and 

colleagues [2] likely contributed to the differences. Additional development and validation 

of prognostic instruments to assist both clinicians and patients is warranted prior to broad 

application. Our study and the study of Dowsey and colleagues support the use of self-

reported preoperative pain and function measures as well as K&L grades in the further 

development of KA prognostic outcome instruments.
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Appendix 1

Method #2 Calibration Curve

Post hoc analysis 1

Multiple Logistic regression coefficients for primary outcome including number of days 

measurement was obtained prior to surgery

Coefficient S.E. Wald Z p value

Intercept 0.36 0.598 0.61 0.544

BMI ≥40 −0.05 0.931 −0.05 0.960

K&L Grade ≤3 0.96 0.365 2.62 0.009

WOMAC Total −0.82 0.150 −5.49 <0.001

MCS (Mild) −1.06 0.616 −1.72 0.086

MCS (Mod/Severe) 1.27 0.879 1.44 0.149
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Coefficient S.E. Wald Z p value

Pre-surgical Day −0.00 0.002 −0.54 0.591

OAI, Osteoarthritis Initiative; SE, standard error; BMI, body mass index; K&L, Kellgren and Lawrence knee osteoarthritis 
grade; WOMAC, Western Ontario and McMaster Universities Arthritis Index, MCS, mental component score of the Short 
Form Health Survey; Pre-surgical Day, Number of days measurement obtain prior to surgery.

Post hoc analysis 2

Multiple Logistic regression coefficients for primary outcome including only participants 

with baseline assessment within six months of surgery (n=231).

Coefficient S.E. Wald Z p value

Intercept 0.57 0.450 1.27 0.203

BMI ≥40 0.05 0.910 0.05 0.959

K&L Grade ≤3 0.98 0.361 2.72 0.007

WOMAC Total −0.83 0.148 −5.62 <0.001

MCS (Mild) −1.05 0.617 −1.71 0.089

MCS (Mod/Severe) 1.24 0.875 1.41 0.158

OAI, Osteoarthritis Initiative; SE, standard error; BMI, body mass index; K&L, Kellgren and Lawrence knee osteoarthritis 
grade; WOMAC, Western Ontario and McMaster Universities Arthritis Index, MCS, mental component score of the Short 
Form Health Survey.

Post hoc analysis 3

Calibration curve analysis with unicompartmental KAs removed from the dataset and using 

Model #1.
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Calibration curve analysis with unicompartmental KAs removed from the dataset and using 

Model #2.
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Figure 1. 
The external validation curve is illustrated. The observed probability of nonresponse is 

presented on the y-axis and the regression-predicted probability of non-response is presented 

on the x-axis. The diagonal line indicates perfect agreement between the observed and 

predicted probability of nonresponse.
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Figure 2. 
The OAI data were used to generate the calibration curve. The observed probability of 

nonresponse is presented on the y-axis and the regression-predicted probability of non-

response is presented on the x-axis. The diagonal line indicates perfect agreement between 

the observed and predicted probability of nonresponse. Deviation from perfect agreement 

occurs at beginning, middle and end of the curve.
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Figure 3. 
The preoperative WOMAC Total scores from the OAI data were used to generate the 

calibration curve. The observed probability of nonresponse is presented on the y-axis and the 

regression-predicted probability of non-response is presented on the x-axis. The diagonal 

line indicates perfect agreement between the observed and predicted probability of 

nonresponse. A more substantial deviation from perfect agreement as compared to Figure 2.
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